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3axanue.

Co3naTh HEWPOCETh, BBIMOJHSIONIYIO pa3jielieHue IBYX (GUTYp Ha M300paKCHHH,
UCTIONB3ysl OMOMMoTeKy keras. BuiOparh Il TIOCTaBICHHOW 3aJlayl HAWITYYIITHHA
onTHMami3ep, moaoOpaTh ONTUMaIbHBIE KOA(DPUIMEHTHI ISl WHUIIHAIU3AIIN
Heripocetn. M3yunmth paboty ¢yHknmii obpatHoro Bbe3oBa EarlyStopping u
ModelCheckpoint

Pemenue.

import numpy as np
import matplotlib.pyplot as plt
%matplotlib inline

def plot_decision_boundary_keras(clf, X, Y, h=0.01, strict=False):
x_min, x_max = X[:, @].min(), X[:, ©].max()
y min, y max = X[:, 1].min(), X[:, 1].max()

XX, yy = np.meshgrid(np.arange(x_min, x_max, h),
np.arange(y_min, y max, h))

Z = model.predict(np.c_[xx.ravel(), yy.ravel()])[:, @]
Z = Z.reshape(xx.shape)
Z strict = Z >= 0.5

plt.figure(figsize=(15, 15))
if strict:

plt.contourf(xx, yy, Z strict, cmap=plt.cm.Blues, alpha=0.8);
else:

plt.contourf(xx, yy, Z, cmap=plt.cm.Blues, alpha=0.8);

plt.scatter(X[:, 0], X[:, 1], c=y, cmap=plt.cm.autumn);
plt.title('Decision boundary');

def generate_dataset():
ps = []
for a in np.linspace(9, 2*np.pi, 1000):
if (0.75*np.pi - ©.2) < a < (0.75*np.pi + 0.2):

continue

if (7.9*np.pi/4.0 - 0.2) < a < (7.9*np.pi/4.0 + 0.2):
continue

if (5.9%np.pi/4.0 - 0.2) < a < (5.9*np.pi/4.0 + 0.2):
continue

r =1+ (np.random.rand()-0.5)*0.5

X = np.cos(a)*r

y = np.sin(a)*r

ps.append([x,y])
ps = np.array(ps)
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Xs = np.linspace(-1.5, 1.5, 200)
Xs = xs + (np.random.rand(len(xs)) - ©.5)/10.0
ys = -Xs + (np.random.rand(len(xs)) - ©.5)/3.90

Xxs2 = np.linspace(-1.5, -0.1, 200)
xs2 = xs2 + (np.random.rand(len(xs2)) - 0.5)/10.0
ys2 = xs2 + (np.random.rand(len(xs2)) - ©0.5)/3.0

ps2 = np.vstack([np.array([xs, ys]).T,
np.array([xs2, ys2]).T])

X = np.vstack([ps, ps2])
y = np.array([0]*ps.shape[0] + [1]*ps2.shape[@])

return X, y
X, y = generate_dataset()

plt.figure(figsize=(10,10))
plt.scatter(X[:,0], X[:,1], c=y);
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Ipip install livelossplot

Collecting livelossplot

Downloading livelossplot-0.5.5-py3-none-any.whl (22 kB)
Requirement already satisfied: matplotlib in /usr/local/lib/python3.10/dist-
packages (from livelossplot) (3.7.1)
Requirement already satisfied: bokeh in /usr/local/lib/python3.10/dist-
packages (from livelossplot) (3.2.2)
Requirement already satisfied: Jinja2»>=2.9 in /usr/local/lib/python3.10/dist-
packages (from bokeh->livelossplot) (3.1.2)
Requirement already satisfied: contourpy>=1 in
/usr/local/lib/python3.10/dist-packages (from bokeh->livelossplot) (1.1.1)
Requirement already satisfied: numpy>=1.16 in /usr/local/lib/python3.10/dist-
packages (from bokeh->livelossplot) (1.23.5)
Requirement already satisfied: packaging>=16.8 in
/usr/local/lib/python3.10/dist-packages (from bokeh->livelossplot) (23.2)
Requirement already satisfied: pandas>=1.2 in /usr/local/lib/python3.10/dist-
packages (from bokeh->livelossplot) (1.5.3)
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Requirement already satisfied: pillow>=7.1.0 in
/usr/local/lib/python3.10/dist-packages (from bokeh->livelossplot) (9.4.9)
Requirement already satisfied: PyYAML>=3.10 in
/usr/local/lib/python3.10/dist-packages (from bokeh->livelossplot) (6.0.1)
Requirement already satisfied: tornado>=5.1 in
/usr/local/lib/python3.10/dist-packages (from bokeh->livelossplot) (6.3.2)
Requirement already satisfied: xyzservices»=2021.09.1 in
/usr/local/lib/python3.10/dist-packages (from bokeh->livelossplot)
(2023.10.0)

Requirement already satisfied: cycler>=0.10 in
/usr/local/lib/python3.10/dist-packages (from matplotlib->livelossplot)
(0.12.0)

Requirement already satisfied: fonttools>=4.22.0 in
/usr/local/lib/python3.10/dist-packages (from matplotlib->livelossplot)
(4.43.1)

Requirement already satisfied: kiwisolver>=1.0.1 in
/usr/local/lib/python3.10/dist-packages (from matplotlib->livelossplot)
(1.4.5)

Requirement already satisfied: pyparsing>=2.3.1 in
/usr/local/lib/python3.10/dist-packages (from matplotlib->livelossplot)
(3.1.1)

Requirement already satisfied: python-dateutil>»=2.7 in
/usr/local/lib/python3.10/dist-packages (from matplotlib->livelossplot)
(2.8.2)

Requirement already satisfied: MarkupSafe>»=2.0 in
/usr/local/lib/python3.10/dist-packages (from Jinja2>=2.9->bokeh-
>livelossplot) (2.1.3)

Requirement already satisfied: pytz>=2020.1 in
/usr/local/lib/python3.10/dist-packages (from pandas>=1.2->bokeh-
>livelossplot) (2023.3.postl)

Requirement already satisfied: six>=1.5 in /usr/local/lib/python3.10/dist-
packages (from python-dateutil>=2.7->matplotlib->livelossplot) (1.16.0)
Installing collected packages: livelossplot

Successfully installed livelossplot-0.5.5

from keras.models import Sequential

from keras.layers import Dense

from livelossplot import PlotLossesKeras

from keras.callbacks import Callback

from keras.optimizers import SGD, Adam

from livelossplot.inputs.keras import PlotLossesCallback

[Job6aBbTe B MOAENb HECKOJIbKO NOMHOCBA3HbIX (Dense) cnoés. Onpegennte onTumanbHoe
KonunyecTso. MonpobyiitTe MCNob30BaTb Pas/iMyHblie GYHKLUMM aKTUBauum (sigmoid, relu, ..) u
nocMoTpuTe, 4To ByaeT nonyyaTbes.

model = Sequential()

model.add(Dense(32, input _dim=2, activation='relu'))
model.add(Dense(32, activation='relu'))
model.add(Dense(32, activation='relu'))
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model.add(Dense(32, activation='relu'))
model.add(Dense(32, activation='relu'))

model.add(Dense(1l, activation='sigmoid'))
model.compile(optimizer="sgd', loss='binary crossentropy’,
metrics=['accuracy'])

model. summary ()

Model: "sequential 46"

Layer (type) Output Shape Param #
“dense_165 (Dense)  (Nome, 32) %6
dense_166 (Dense) (None, 32) 1056
dense_167 (Dense) (None, 32) 1056
dense_168 (Dense) (None, 32) 1056
dense_169 (Dense) (None, 32) 1056
dense_170 (Dense) (None, 1) 33

Total params: 4353 (17.00 KB)
Trainable params: 4353 (17.00 KB)
Non-trainable params: @ (0.00 Byte)

MoabepuTte onTMManbHbIM pasmep 6aTya, KOIMYECTBO 3MOX M ONTUMaN3ep. Pasmep 6aTya
byAeT BAUATb Ha CKOPOCTb 06yyYeHma. KonmyecTBo anox A0/XKHO 6biTb AOCTAaTOYHbIM A5 TOFO,
yTObbI IoCcC NepecTan nagatb. lobentech Toro, 4tobbl ABe GUrypbl Ha N30bparkeHUn
pa3aenanncb HEMPOHHOM CETbIO.

def create_model():
model = Sequential()
model.add(Dense(32, input_dim=2, activation='relu'))
model.add(Dense(32, activation="relu'))
model.add(Dense(32, activation="relu'))
model.add(Dense(32, activation='relu'))
model.add(Dense(32, activation="relu'))
model.add(Dense(1, activation="sigmoid"))
model.compile(optimizer="sgd', loss='binary crossentropy’,
metrics=["'accuracy'])
return model

# BapuaHmel 2unepnapamempoB 0718 npoBepKu
batch_sizes = [10, 20, 30]
epochs_list [10, 15, 20]



KoHTponbHasA paboTa BbinosHeHa B www.MatBuro.ru

©Martbtopo — KoHcy/ibTaLMm no maTemaTuKe, NPOrpaMmMUpPOBaHNiO, SKOHOMMUKE, MPAaBY, CTECTBEHHBIM
HayKam

MomoxKem Bam C HanncaHnem nporpamm: www.matburo.ru/sub_subject.php?p=pz

best_params = None
best_accuracy = 0

# Luknael 0n8 npoBepKu pasnuyHbLIX KombuHayuli eunepnapamempoB
for batch _size in batch_sizes:
for epochs in epochs_list:
model = create_model()
history = model.fit(X, y, batch_size=batch_size, epochs=epochs,
verbose=0)
accuracy = history.history['accuracy'][-1] # nocnedHaa moyHocms
nocne Bcex 3nox

# Ecau mekywasa mo4yHocme say4yue npedvidyuyel aydwel mo4yHocmu
if accuracy > best_accuracy:
best_accuracy = accuracy
best params = { 'batch size': batch_size, 'epochs': epochs}

print(f"/lyquve napaveTpsbl: {best_params} ¢ TouyHocTbWw {best_accuracy *
100:.2F}%")

Nlyqumne napameTpbl: {'batch_size': 10, 'epochs': 20} c To4yHOCTbW 99.34%

batch_size = 10
epochs = 20

model.compile('sgd', loss='binary crossentropy', metrics=["accuracy'])

model.fit(X, y, batch _size=batch size, epochs=epochs, verbose=0,
callbacks=[PlotLossesKeras()])

accuracy Loss
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0.4 q
—— accuracy —— loss

0.80
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epoch epoch



KoHTponbHas paboTa BbinosHeHa B www.MatBuro.ru

©Matbtopo — KoHcynbTaLmMm no MatemaTvKe, NPOrpaMmMUpPOBaHUI0, SKOHOMUKE, NPaBy, eCTECTBEHHbIM
HayKam

Momoskem Bam C HanMcaHuem nporpamm: www.matburo.ru/sub_subject.php?p=pz

accuracy
accuracy (min: 0.669, max: 0.988, cur: 0.988)
Loss
loss (min: 0.095, max: 0.664, cur: 0.095)

<keras.src.callbacks.History at 0x77fceab664a60>
plot_decision_boundary_keras(model, X, y, strict=True)
305@/3059 [==============================] - 45 1ms/step

Decision boundary

-1.5 -1.0 -0.5 0.0 0.5 1.0 15

MoackasKa: B AaHHOM Aydlle MOMHO HadaTb ¢ 6__O_ /ibimx ceTeil M MOCTENEHHO YMEHbLUATb.

MocmoTpuTe, KAKOM MUHUMANIbHO BO3MOMKHOW CETbIO MOXKHO Pa3Ae/MTb TOUYKM.

from keras.optimizers import *
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# OyHKYuA co30aHUA HelpoHHOU cemu, C napamempamu, HaloeHHbiMU Bblue

def create_model():
model =

model.
model.
model
model.
model.
model.
model.

metrics=["'accuracy'])
return model

Sequential()
add(Dense(32,
add(Dense(32,
.add(Dense(32,
add(Dense(32,
add(Dense(32,

input_dim=2, activation="relu'))
activation="relu"))
activation="relu"))
activation="relu"))
activation="relu"))

add(Dense(1, activation="sigmoid'))
compile(optimizer="sgd', loss='binary crossentropy’,

Ncnonb3ya ontumarizep SGD, HeobxoamMmo Bpy4Hyto noabupatb napameTtp learning rate
(1r). O6bIYHO OH NpUHMMAET 3HaYeHMe OT 1e-6 o le-1. NoabepnTe ONTUMAIbHOE 3HaYEHNe
1r ANs KOHKPETHOM HEMPOHHOW CeTu.

learning rates = [le-6, le-5, le-4, le-3, le-2, le-1]
histories = []

for lr in learning_rates:
# Co30aHue HoBol modenu
model = create_model()

# OnpedesneHue onmumuzamopa SGD c mekywum 3HayeHuem Lr
optimizer = SGD(learning rate=1r)

# Komnunayus u oby4veHue modenu

model.compile(optimizer=optimizer, loss='binary crossentropy’,
metrics=['accuracy'])

history = model.fit(X, y, epochs=20, verbose=0)

# CoxpaHeHue: ucmopuu o0by4eHus
histories.append(history)

histories

[<keras.src.callbacks.History at 0x77fcc0284d90>,

<keras.
<keras.
<keras.
<keras.
<keras.

src

src.
.callbacks

src

src.
src.

.callbacks

callbacks

callbacks
callbacks

.History
.History
.History
.History
.History

at Ox77fca5634dfe>,
at ox77fd148c8250>,
at Ox77fce810aad0>,
at ox77fcfeled3fo>,
at Ox77fd1477b790> ]

Mocne Bbi3oBa y Mogenn metoga fit() v 3aBepweHms obyyeHMs BO3BpaLLaeTca 06beKT
history B KOTOPOM MOXHO CMOTPETb, KaK Nafan N0CcCc AN ApYrue 3a4aHHbIe METPUKM.

accuracies = [h.history['accuracy'] for h in histories]
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for acc, 1 in zip(accuracies, learning rates):
plt.plot(acc, label=1)
plt.legend()

<matplotlib.legend.Legend at Ox77fd4a2ca230>
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Haunyuwuit ontumainsep: SGD

plot_decision_boundary keras(model, X, y, strict=True)

3@5@/3@5@ [==============================] - 4.5 1ms/step
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Decision boundary

—054

-1.04

=15 —1‘.0 —6.5 0.0 0.5 10 15
TakKe MOXHO noabupaTb MapameTp momentum, KOTOPbIM MOMOMKET He 3acTpPATb B JIOKaJIbHOM
MUHUMYMe. HO ecan HeT BpemeHM noabupatb napametpbl SGD, TO [0CTaTOYHO WCMNONbL30BaTb
ontumansep Adam - oH agantTmeHo nogbupaeT 1r cam. OT BbiIbpaHHOro onTUmalsepa byaeT 3aBUCETb

CKOPOCTb CXOAMMOCTU U MUHUMA/IbHO OOCTUXMMOE 3HaYeHUe OLMBKM.

CnncoK JocTynHbIX onTMMaiisepos B keras: https://keras.io/optimizers/

Mocne co3naHWA apxXWUTEKTYPbl U Nepejs Hayasom oBydeHWA HEWPOHHOM ceTu eé Beca HeobXxoaMmo
MHULMANN3NPOBaTb. Beca WMHULMANU3UPYIOT HEBONbWMMM CAYYalHbIMK 3HAYEHUAMM, HO KakKMmm
umeHHO? OT npaBuibHO Bblibopa 3aBMCMT CXOAMMOCTb CETM M OTCYTCTBME 3aTyXalollero wuaun

B3PbIBAIOLLLErOCca rpagmneHTa.

O6bl4HO NofbupatoT TonbKo Beca (F), a otctynbl (Bl) MHULWANU3MPYIOT HYASMMA.
10
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Co cnMCKOM BCEX BO3MOXHbIX MHULMANN3AaTOPOB MOXHO 03HaKOMMTbCA TyT https://keras.io/initializers.

HeobxoaMMo BbIbpaTh HAUAYULLMIA.

# Baw ko0 30ecb
# OyHKYuA co30aHuUA HelpoHHOU cemu, C napamempamu, HaloeHHbiMU Bblue
# R_init - KOHKpemHoe 3HayeHue uHuyuadnatizepa 014 napamempa Rernel initializer
Y Kax0o20 cnoA
def create_model(k_init="glorot uniform'):

model = Sequential()

model.add(Dense(32, input_dim=2, activation='relu’,
kernel_initializer=k_init, bias_initializer='zeros'))

model.add(Dense(32, activation="relu', kernel _initializer=k_init,
bias_initializer='zeros'))

model.add(Dense(32, activation='relu', kernel initializer=k_init,
bias_initializer='zeros'))

model.add(Dense(32, activation='relu', kernel initializer=k_init,
bias_initializer='zeros'))

model.add(Dense(32, activation='relu', kernel initializer=k_init,
bias_initializer='zeros'))

model.add(Dense(1, activation='sigmoid', kernel_initializer=k_init,
bias_initializer='zeros'))

return model

CamoCToATENbHO HAWANTE MUHMUMYM 4 pa3nnYHbIX BapuaHTa MHULMANAN3epa TyT
https://keras.io/initializers n cpasHUTe rpaduKmM nocca AN HUX

k_init = ['glorot_normal', 'glorot_uniform', 'he_normal', 'he_uniform',
"lecun_normal', 'lecun_uniform']
histories = []

for k in k_init:

# Baw Kod 30echb

# co30alime modesb € KOHKpemHbiM 3HavyeHuem R_init oby4ume modesnb u 3anuwume
history obyuyeHusa modeau B8 maccubB

# B8 KaxOom yuknae Heobxodumo nepeco3daBamb modenv PyHKyuel create _model(),
ymobsl 0b6HyAAmb Beca

# Co30aHue HOBoU modenu C meKywum UHUYUGAU3AmMOpPOM
model = create_model(k_init=k)

# Komnunayusa u oby4yeHue modenu
model.compile(optimizer="sgd', loss='binary crossentropy’,

metrics=['accuracy'])
history = model.fit(X, y, epochs=100, verbose=0)

# CoxpaHeHue ucmopuu o6y4eHus
histories.append(history)

accuracies = [h.history['accuracy'] for h in histories]

11
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for acc, 1 in zip(accuracies, k_init):
plt.plot(acc, label=1)
plt.legend()

<matplotlib.legend.Legend at Ox77fccOlfedad>

1.0 e

0.9

0.8

0.7 4
—— glorot_normal
= glorot_uniform

0.6 - — he_normal
—— he_uniform
—— lecun_normal
—— lecun_uniform

0.5 4

T
0 20 40 60 80 100
Haunyuywuit uHuumanaisep: he_normal

plot_decision_boundary keras(model, X, y, strict=True)

3@5@/3@5@ [==============================] - 4.5 1ms/step
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Decision boundary

Konbek - dyHKLMA, KOTOPas BbINOSHAETCA NOC/Ae 3aBEPLUIEHMSA SMOXU UM NOCNe Kaxaoro 6aTya.
C 04HMM M3 HUX Bbl yXe 3Hakombl: PlotLossesKeras pucyeT rpaduK siocca npsamo Bo Bpems obydeHus.
MonpobyiTe CaMCTOATENbHO eLle ABa CaMblX Noe3HbIX KobeKa:

e EarlyStopping octaHaBanBaeT oby4eHmMe ecnm Aocc nepecTaBaeT NagaTtb

e  ModelCheckpoint coxpaHaeT Beca mozenun no mepe oby4yeHMA. ITO 04eHb NOJIE3HO,
Korga mogenb GUTUTCA MO HECKO/IbKO AHeN

MoapobHee npo HMX TyT https://keras.io/callbacks/

from keras.callbacks import EarlyStopping, ModelCheckpoint

# Co30aHue modenu
model = create_model()

13
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model.compile('adam', loss='binary crossentropy', metrics=['accuracy'])

early stopping = EarlyStopping(monitor='val loss', patience=10, verbose=1,
mode="min")

model checkpoint = ModelCheckpoint('best model.h5', monitor='val loss',
save_best_only=True, mode='min', verbose=1)

model.fit(X, y, validation split=0.2, epochs=100, batch_size=32,
callbacks=[early_stopping, model checkpoint])

Epoch 1/100

16/31 [==============>.....c0000eese. ] - ETA: @s - loss: ©.6482 - accuracy:
0.8184

Epoch 1: val_loss improved from inf to 1.36957, saving model to best_model.h5
31/31 [==============================] - 2s 1lms/step - loss: ©.5972 -
accuracy: 0.8294 - val loss: 1.3696 - val accuracy: ©.0000e+00

Epoch 2/100

1 31 ] - ETA: @s - loss: ©.3901 - accuracy:
0.9375

/usr/local/lib/python3.10/dist-packages/keras/src/engine/training.py:3000:
UserWarning: You are saving your model as an HDF5 file via “model.save() .
This file format is considered legacy. We recommend using instead the native
Keras format, e.g. “model.save('my model.keras') .

31/31 [==============================] - ETA: @s - loss: 0.3843 - accuracy:
0.8366

Epoch 2: val loss did not improve from 1.36957

31/31 [==============================] - Qs 5ms/step - loss: ©.3843 -

accuracy: 0.8366 - val_loss: 3.0027 - val_accuracy: 0.0000e+00
Epoch 3/100

16/31 [==============>...............] - ETA: @s - loss: ©.2934 - accuracy:
0.8359

Epoch 3: val_loss did not improve from 1.36957

31/31 [==============================] - @s 5ms/step - loss: 0.2771 -

accuracy: 0.8366 - val loss: 4.2019 - val accuracy: 0.0000e+00
Epoch 4/100

17/31 [===============>.....c000ees.. ] - ETA: @s - loss: ©.2086 - accuracy:
0.8787

Epoch 4: val loss did not improve from 1.36957

31/31 [==============================] - Os 5ms/step - loss: 0.1898 -

accuracy: 0.8925 - val loss: 6.0629 - val _accuracy: 0.0000e+00
Epoch 5/100
16/31 [==============>.....c000eeesa. ] - ETA: @s - loss: ©.1345 - accuracy:

Epoch 5: val loss did not improve from 1.36957
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31/31 [============:===========:=====] - OS SmS/Step - loss: 0.112@ -
accuracy: 0.9679 - val loss: 9.1351 - val accuracy: 0.1240
Epoch 6/100

17/31 [===============>.....c000ees.. ] - ETA: @s - loss: ©.0571 - accuracy:
0.9982

Epoch 6: val loss did not improve from 1.36957

31/31 [==============================] - Os 5ms/step - loss: 0.0529 -

accuracy: 0.9990 - val loss: 11.9555 - val accuracy: 0.1818
Epoch 7/100

31/31 [==============================] - ETA: @s - loss: 0.0259 - accuracy:
0.9990

Epoch 7: val loss did not improve from 1.36957

31/31 [==============================] - Qs 5ms/step - loss: ©.0259 -

accuracy: 0.9990 - val loss: 15.2037 - val _accuracy: 0.1818
Epoch 8/100

31/31 [==============================] - ETA: @s - loss: 0.0124 - accuracy:
1.0000

Epoch 8: val loss did not improve from 1.36957

31/31 [==============================] - 0s 5ms/step - loss: 0.0124 -

accuracy: 1.0000 - val loss: 17.1091 - val accuracy: 0.1818
Epoch 9/100

16/31 [==============>.....c0000eese. ] - ETA: @s - loss: ©.0079 - accuracy:
1.0000

Epoch 9: val loss did not improve from 1.36957

31/31 [==============================] - Qs 5ms/step - loss: 0.0075 -

accuracy: 1.0000 - val loss: 18.6695 - val accuracy: 0.1860
Epoch 10/100

31/31 [==============================] - ETA: @s - loss: 0.0045 - accuracy:
1.0000

Epoch 10: val loss did not improve from 1.36957

31/31 [==============================] - Qs 5ms/step - loss: 0.0045 -

accuracy: 1.0000 - val loss: 19.9926 - val accuracy: 0.1818
Epoch 11/100

31/31 [==============================] - ETA: @s - loss: 0.0036 - accuracy:
1.0000

Epoch 11: val_loss did not improve from 1.36957

31/31 [==============================] - 0s 5ms/step - loss: 0.0036 -

accuracy: 1.0000 - val loss: 20.8196 - val accuracy: 0.1860
Epoch 11: early stopping

<keras.src.callbacks.History at 0x77fd14129690>
plot_decision_boundary keras(model, X, y, strict=True)

3@5@/305@ [==:========================:==] - 45 1ms/s‘tep
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Decision boundary
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