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File Edit Shell Debug Options Window Help

Python 3.6.7 (v3.6.7:6ec5cf24b7, Oct 20 2018, 13:35:33) [MSC v.1900 64 bit (AMD6
4)] on win32

Type "help", "copyright", "credits" or "license()" for more information.

Ln:3 Col: 4

dg>y ) & (Integrated Development Environment) islSs i 5ks & 3o IDLE
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oft Windows [Version 10.0.18363.628]
Microsoft Corporation. All rights reserved.

stem32>python
Python :6ec5cf24b7, Oct 20 2018, 13:35:33) [MSC v.1900 64 bit (AMD64)] on win32

J
Type "help”, ght”, "credits”™ or "license" for more information.
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> pip install numpy

=

Microsoft Windows [Version 10.0.18363.628]
(c) 2019 Microsoft Corporation. All rights reserved.

C:\Windows\system32>pip install numpy

1 JEII V1 STy Python bl Jew finy o ¢ oSl o5 e STl
e LSl s o I 3] o St Aol s (03 13 Ay (6T 0 o )
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Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ImportError: No module named numpy
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(0 What is Colaboratory?

Colaboratory, or “Colab” for short, allows you to write and execute Python in your browser, with

« Zero configuration required
« Free access to GPUs

O Sectic « Easy sharing
Whether you're a student, a data scientist or an Al researcher, Colab can make your work easier. Watch Introduction 1o
Colab to learn more, of just get started below!

~ Getting started

The document you are reading is not a static web page, but an interactive environment called a Colab notebook that lets
you write and execute code

For example, here is a code cell with a short Python script that computes a value, stores it in a variable, and prints the
sult
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# import the necessary packages
import numpy as np

class Perceptron:
def __init__(self, N, alpha=0.1):
# initialize the weight matrix and store the learning rate

self.W = np.random.randn(N + 1) / np.sqrt(N)
self.alpha = alpha
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def step(self, x):
return 1 if x > 0 else 0

{oSa s _;Y\ I O e e CS13) L fit ems dls s> (Perceptron oyl
L ol V1 g el A1) e Lo 0F s <36 ¢ scikit-Learn

def fit(self, X, y, epochs=10):
X = np.c_[X, np.ones((X.shape[01))]
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# loop over the desired number of epochs
for epoch in np.arange(@, epochs):

# loop over each individual data point

for (x, target) in zip(X, y):

# take the dot product between the input features

# and the weight matrix, then pass this value
# through the step function to obtain the prediction
p = self.step(np.dot(x, self.W))
# only perform a weight update if our prediction
# does not match the target
if p != target:

# determine the error

error = p - target

# update the weight matrix

self.W += -self.alpha * error * x
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def predict(self, X, addBias=True):
X = np.atleast_2d(X)
if addBias:

X = np.c_[X, np.ones((X.shape[01))]
return self.step(np.dot(X, self.W))
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# construct the OR dataset

X = np.array([[e, @1, [0, 11, [1, o1, [1, 11D
y = np.array([[0], [11, (11, [11D)

# define our perceptron and train it
print("[INFO] training perceptron...")

p = Perceptron(X.shape[1], alpha=0.1)

p.fit(X, y, epochs=20)
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# now that our perceptron is trained we can evaluate it
print("[INFO] testing perceptron...")
# now that our network is trained, loop over the data points
for (x, target) in zip(X, y):

# make a prediction on the data point and display the result

pred = p.predict(x)

print("[INFO] data={}, ground-truth={}, pred={}".format(

x, target[0], pred))
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import numpy as np
class Perceptron:
def __init__(self, N, alpha=0.1):
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self.W = np.random.randn(N + 1) / np.sqrt(N)
self.alpha = alpha

def step(self, x):
return 1 if x > 0 else 0

def fit(self, X, y, epochs=10):
X = np.c_[X, np.ones((X.shape[01))]
for epoch in np.arange(@, epochs):
for (x, target) in zip(X, y):
p = self.step(np.dot(x, self.W))
if p != target:
error = p - target
self.W += -self.alpha * error * x
def predict(self, X, addBias=True):
X = np.atleast_2d(X)
if addBias:
X = np.c_[X, np.ones((X.shapel[01))]
return self.step(np.dot(X, self.W))

np.array(L[0, @1, [0, 11, [1, o1, [1, 111)
np.array([[@1, [11, [11, [11D)

define our perceptron and train it
print("[INFO] training perceptron...")

p = Perceptron(X.shape[1], alpha=0.1)

p.fit(X, y, epochs=20)

H< X

print("[INFO] testing perceptron...")

for (x, target) in zip(X, y):
pred = p.predict(x)
print("[INFO] data={}, ground-truth={}, pred={}".format(
x, target[0], pred))
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[INFO] training perceptron...
[INFO] testing perceptron...
[INFO] data=[@ @], ground-truth=0, pred=0
[INFO] data=[@ 1], ground-truth=1, pred=1
[INFO] data=[1 @1, ground-truth=1, pred=1
[INFO] data=[1 1], ground-truth=1, pred=1
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np.array([[e, @1, [@, 11, [1, @1, [1, 11D
np.array([[e], [@]1, [el, [111)

define our perceptron and train it

print("[INFO] training perceptron...")

p = Perceptron(X.shape[1], alpha=0.1)

p.fit(X, y, epochs=20)

# now that our perceptron is trained we can evaluate it

< X
|



print("[INFO] testing perceptron...")
# now that our network is trained, loop over the data points
for (x, target) in zip(X, y):

# make a prediction on the data point and display the result

# to our console

pred = p.predict(x)

print("[INFO] data={}, ground-truth={3}, pred={}".format(

x, target[0], pred))
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[INFO] training perceptron...
[INFO] testing perceptron...
[INFO] data=[@ @], ground-truth=0, pred=0
[INFO] data=[@ 1], ground-truth=0, pred=0
[INFO] data=[1 @], ground-truth=0, pred=0
[INFO] data=[1 1], ground-truth=1, pred=1
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X = np.array([[e, 0], [e, 11, [1, @], [1, 11D
y = np.array([[@]1, [11, [11, [e1D
# define our perceptron and train it
print("[INFO] training perceptron...")
p = Perceptron(X.shapel[1], alpha=0.1)
p.fit(X, y, epochs=20)
# now that our perceptron is trained we can evaluate it
print("[INFO] testing perceptron...")
# now that our network is trained, loop over the data points
for (x, target) in zip(X, y):
# make a prediction on the data point and display the result
pred = p.predict(x)
print("[INFO] data={}, ground-truth={}, pred={}".format(
x, target[0], pred))
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[INFO] training perceptron...
[INFO] testing perceptron...
[INFO] data=[@ 0], ground-truth=0, pred=1
[INFO] data=[@ 1], ground-truth=1, pred=1
[INFO] data=[1 @], ground-truth=1, pred=0
[INFO] data=[1 1], ground-truth=0, pred=0
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[INFO] training perceptron...
[INFO] testing perceptron...
[INFO] data=[@ @1, ground-truth=0, pred=0
[INFO] data=[@ 1], ground-truth=1, pred=0
[INFO] data=[1 @], ground-truth=1, pred=0
[INFO] data=[1 11, ground-truth=0, pred=1
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def sigmoid(x):
return 1/(1+np.exp(-x))
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def der_sigmoid(x):
return sigmoid(x) * (1- sigmoid(x))
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import numpy as np
import matplotlib.pyplot as plt

# Sigmoid Activation Function
def sigmoid(x):
return 1/(1+np.exp(-x))

# Derivative of Sigmoid
def der_sigmoid(x):
return sigmoid(x) * (1- sigmoid(x))

# Generating data to plot

x_data = np.linspace(-10,10,100)
y_data = sigmoid(x_data)

dy_data = der_sigmoid(x_data)

# Plotting

plt.plot(x_data, y_data, x_data, dy_data)
plt.title('Sigmoid Activation Function & Derivative')
plt.legend(['sigmoid', 'der_sigmoid'])

plt.grid()

plt.show()

Sigmoid Activation Function & Derivative
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def htan(x):
return (np.exp(x) - np.exp(-x))/(np.exp(x) + np.exp(-x))
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def der_htan(x):
return 1 - htan(x) * htan(x)
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import numpy as np
import matplotlib.pyplot as plt

# Hyperbolic Tangent (htan) Activation Function
def htan(x):
return (np.exp(x) - np.exp(-x))/(np.exp(x) + np.exp(-x))

# htan derivative
def der_htan(x):
return 1 - htan(x) * htan(x)

# Generating data for Graph
x_data = np.linspace(-6,6,100)
y_data = htan(x_data)

dy_data = der_htan(x_data)

# Graph

plt.plot(x_data, y_data, x_data, dy_data)
plt.title('htan Activation Function & Derivative')
plt.legend(['htan', 'der_htan'])

plt.grid()



oLl il Bsne e s Lo i sl g0 - Ganell ol

htan Activation Function & Derivative

1.00 1 — htan
0754 der_htan
0.50 1
0.25 4
0.00 +
—0.25
—0.50 1
—0.75

—1.00

04l gpuuas Jaguit3,ollanaoall 466 Sigmoid pde o =
o1 ondladl Samoalliallpgbescs

94Dl

Lolwaasllolgsl =

Il piisJad,elg)

ReLU
N A o DLkl Bouxe DISL2) G tanh 5 Sigmoid Jiss el (S Y
L) Geondl Wadl GG gt 2SI Ll Dls ay ¢ ReLU Jantiall dls syl
ol gl Sty ol BB oy Loe Y] A0 ESCo e i ¢ (Bdsal!
i I ol e ReLU s iy a5 o2y - Jodl

Flx) = {Oforx <0

“x forx>0
QU sl e LS e 0 b

def ReLU(x):

data = [max(@,value) for value in x]
return np.array(data, dtype=float)
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def der_ReLU(x):
data = [1 if value>0@ else @ for value in x]
return np.array(data, dtype=float)

gty ReLU dls o 5 JUl 558301 ol

import numpy as np
import matplotlib.pyplot as plt

# Rectified Linear Unit (RelLU)

def ReLU(x):
data = [max(@,value) for value in x]
return np.array(data, dtype=float)

# Derivative for RelU

def der_ReLU(x):
data = [1 if value>0@ else @ for value in x]
return np.array(data, dtype=float)

# Generating data for Graph
x_data = np.linspace(-10,10,100)
y_data = ReLU(x_data)

dy_data = der_ReLU(x_data)

# Graph

plt.plot(x_data, y_data, x_data, dy_data)
plt.title('RelLU Activation Function & Derivative')
plt.legend(['ReLU", 'der_ReLU'1)

plt.grid()
plt.show()
RelLU Activation Function & Derivative
10 1 — ReLU
——— der_RelU
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def softmax(x):
return np.exp(x) / np.sum(np.exp(x), axis=0)
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import numpy as np
import matplotlib.pyplot as plt

# Softmax Activation Function
def softmax(x):
return np.exp(x) / np.sum(np.exp(x), axis=0)

# Generating data to plot
x_data = np.linspace(-10,10,100)
y_data = softmax(x_data)

# Plotting

plt.plot(x_data, y_data)
plt.title('Softmax Activation Function')
plt.legend(['Softmax"'1)

plt.grid()

plt.show()

Softmax Activation Function

01754 — Softmax
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import numpy as np
import matplotlib.pyplot as plt

from matplotlib.ticker import MaxNLocator
from itertools import product

Pl iii oy o x O () = &% — 2 — 3 U Lo pudpn Ul 5dow el
Gl B pay o f Sl Call siod BB Gl pdieny LEs¥l sVl oY
V() = 20— 2 o« f oo dsY)

def func(x):
return x*%2 - 2xx - 3

def fprime(x):
return 2*x - 2

el s 21T Al sy Cookgll 5 s 3 0 5 Il 3 23 ny

def plotFunc(x0):
x = np.linspace(-5, 7, 100)
plt.plot(x, func(x))
plt.plot(x0, func(x0), 'ko')
plt.xlabel('$x$")
plt.ylabel('$f(x)$")
plt.title('Objective Function')

def plotPath(xs, ys, x0):
plotFunc(x@)
plt.plot(xs, ys, linestyle='--',6 marker='o', color='#F12F79"')
plt.plot(xs[-1], ys[-11, 'ko')
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X0 = -4
plotFunc(x0)

Objective Function
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def GradientDescentSimple(func, fprime, x0, alpha, tol=1le-5, max_iter=1000):
# initialize x, f(x), and -f'(x)

xk = x0
fk = func(xk)
pk = -fprime(xk)

# initialize number of steps, save x and f(x)
num_iter = @
curve_x = [xk]
curve_y = [fk]
# take steps
while abs(pk) > tol and num_iter < max_iter:
# calculate new x, f(x), and -f'(x)
xk = xk + alpha * pk
fk = func(xk)
pk = -fprime(xk)
# increase number of steps by 1, save new x and f(x)
num_iter += 1
curve_x.append(xk)
curve_y.append(fk)
# print results
if num_iter == max_iter:
print('Gradient descent does not converge.')
else:
print('Solution found:\n y = {:.4f}\n x = {:.4f}' . format(fk, xk))
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return curve_x, curve_y

tiales Ol gyl £ e SLESN HlussYl L)l Jadis x = —4 e TS

ay = 0.1

ax = 0.9

a =1 x 107
ax = 1.01

ay = 0.1 :Jj\ﬂ ﬁ)l&s....“

Xs, ys = GradientDescentSimple(func, fprime, x0, alpha=0.1)
plotPath(xs, ys, x0)

Solution found:

y = -4.0000
x = 1.0000
Objective Function
30
bS]
20
25

10

-5

ae = 0.9: 58 ke

Xs, ys = GradientDescentSimple(func, fprime, x0, alpha=0.9)
plotPath(xs, ys, x0)

Solution found:
y -4.0000
X = 1.0000
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xs, ys = GradientDescentSimple(func, fprime, x0, alpha=le-4)
plotPath(xs, ys, x0)

Gradient descent does not converge.

Objective Function
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fix)
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ay = 0.1 Cj‘J"‘J"..)L:“““

xs, ys = GradientDescentSimple(func, fprime, x0, alpha=1.01, max_iter=8)
plotPath(xs, ys, x0)

Gradient descent does not converge.

Objective Function
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from tensorflow.keras.optimizers import SGD

sgd = SGD(learning_rate=0.0001, momentum=0.8, nesterov=True)
model.compile(optimizer=sgd, loss = ..., metrics= ...)
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from tensorflow.keras.optimizers import Adagrad
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adagrad = Adagrad(learning_rate=0.0001, epsilon=1e-6)

model.compile(optimizer=adagrad, loss = ..., metrics= ...)
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1 JLI o 5S3N Calenie plasel Keras 3Adadelta s plisl Say
from tensorflow.keras.optimizers import Adadelta

adadelta= Adadelta(learning_rate=0.0001, epsilon=1e-6)
model.compile(optimizer= adadelta, loss = ..., metrics= ...)

RMSprop
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:Keras JRMSprop ;yuss el hSlay ( JUl 5 SN Cilania plisenls
from tensorflow.keras.optimizers import RMSprop

rms_prop = RMSprop(learning_rate=0.0001, epsilon=1e-6)
model.compile(optimizer= rms_prop, loss = ..., metrics= ...)
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from tensorflow.keras.optimizers import Adam

adam= Adam(learning_rate=0.0001, beta_1=0.9, beta_2=0.999, epsilon=le-6)
model.compile(optimizer= adam, loss = ..., metrics= ...)
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Mean Square Error
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from tensorflow import keras

loss_fn = keras.losses.MeanSquaredError()
model.compile(loss=loss_fn, optimizer=..., metrics= ...)

Mean Absolute Error
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from tensorflow import keras

loss_fn = keras.losses.MeanAbsoluteError()
model.compile(loss=loss_fn, optimizer=..., metrics= ...)
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Cross Entropy
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Cross Entropy(y,9) = li y; log(®)
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from tensorflow import keras
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loss_fn = keras.losses.CategoricalCrossentropy()

model.compile(loss=loss_fn, optimizer=..., metrics= ...)
Binary Cross Entropy
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Binary Cross Entropy(y,9) = == > (v10g®) + (1 - ¥ (1~ log(#))
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from tensorflow import keras

loss_fn = keras.losses.binary_crossentropy
model.compile(loss=loss_fn, optimizer=..., metrics= ...)
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from keras import initializers
initializer = initializers.VarianceScaling(scale=1.0, mode='fan_in',
distribution="normal')
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from keras import initializers
initializer = initializers.GlorotNormal()
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from keras.layers import Dropout
from keras.models import Sequential

model = Sequential()
model.add(Dropout(0.5))
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from keras.layers import BatchNormalization
from keras.models import Sequential

model = Sequential()

l.n.é)del .add(BatchNormalization())
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import pandas as pd
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df = pd.read_csv('housepricedata.csv')
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0 8450 7 5 856 2 1 3 8 0 548 1
1 9600 6 8 1262 2 0 3 6 1 460 1
2 11250 7 5 920 2 1 3 6 1 608 1
3 9550 7 5 756 1 0 3 7 1 642 0
4 14260 8 5 1145 2 1 4 9 1 836 1
1455 7917 6 5 953 2 1 3 7 1 460 1
1456 13175 6 6 1542 2 0 3 7 2 500 1
1457 9042 7 9 1152 2 0 4 9 72 252 1
1458 9717 5 6 1078 1 0 2 5 0 240 0
1459 9937 5 6 1256 1 1 3 6 0 276 0
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dataset = df.values
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array([[ 8450, 7, 5, ..., 0, 548, 11,

[ 9600, 6, 8, ..., 1, 460, 11,

[11250, 7, 5, ..., 1, 608, 11,

[ 9042, 7, 9, ..., 2, 252, 11,

[ 9717, 5, 6, ..., 0, 240, ],

[ 9937, 5, 6, ..., 0, 276, 011)
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X = dataset[:,0:10]

Jolstll 3 5 3 U8 5L b 3T 0F Ll (S0 o 201 Gam L8 1 sy 8
Y 2 pimedl sdael J] o Jool sl dn e IS5 @ saall Cosim | o ()
SULII e sazes O sio poaz A5 my L .w@\y"z"cz,up o yiall o ¥
T Aol sy "0:10" oy S ¢ S5V 52l 300 ) el 5 X Blendss
(0 o oy ke N U3 (10 3 sall (o 0 o) X Blendss 9 10 (e 5kl
90 skl o J5VI 82 3as YT 06 1



Q9L s Bunc tnoc i <Ly o Sluwlwll go :gaasll pladl - REE

DY Vb pran o IS el ety s o3
Y = dataset[:,10]
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from sklearn import preprocessing
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2150 o JB5Y

min_max_scaler = preprocessing.MinMaxScaler()
X_scale = min_max_scaler.fit_transform(X)

SULI e gorms 355 OV o el LSl o5 odelaal) 15 0 L ) ol 1>
S5 2l Lad « X_scale si 2S5 3 0T b 5 iS5 . X_scale & shuas Blo) duliall

il Al i
X_scale
& e
P I LW (6 e oDl s SU1 s A
array([[0.0334198 , 0.66666667, 0.5 , ..., 0.5 , 0.
0.3864598 1,
[0.03879502, ©.55555556, 0.875 , ..., 0.33333333, 0.33333333,
0.32440056],
[0.04650728, 0.66666667, 0.5 , ..., 0.33333333, 0.33333333,
0.42877292],
[0.03618687, 0.66666667, 1. , ..., 0.58333333, 0.66666667,
0.17771509],
[0.03934189, 0.44444444, 0.625 , ..., 0.25 , 0.
0.16925247],
[0.04037019, 0.44444444, 0.625 , ..., 0.33333333, 0.

0.1946403411)
e gores M SBLIN A gores oS a5 (UL Dodlas 35,25V dl ol I Wos V)
ol scikit-Learn » 5531 puseins 1igd LoVl e gazes s il ds pazes s ot
i gozes J) by Aol UL s oo oy sl 50 LS g1y Jtrain. test split”
o (15 SN JUal p s Vsl i 25 e gorens oyl

from sklearn.model_selection import train_test_split

I ol o by 2ol SBLII 2 sares o o3




X_train, X_val_and_test, Y_train, Y_val_and_test =
train_test_split(X_scale, Y, test_size=0.3)

_gwl oo 130 o sKwwval_and_test > ol scikit-Learn oDl 5 Cabaie 3o
Sl LD Sl o e ol Ul Feniiodl UL 5 831 335 oLl e sazes
Pl olie ) b 2ol SULI e gorma qons (3125 DI o Lieled cLasadl 5 50
s 83leY DI s plsinl LiSlay GLes A goren s Wnadicn (205 e sazen 5 1Y

:val_and_test de

X_val, X_test, Y_val, Y_test = train_test_split(X_val_and_test,
Y_val_and_test, test_size=0.5)

Sl de gazeny Gl A gazes ¢L§jWJb val_and_test > V.M.B.j el J}Q\
Lgpddeininn I UL e gazeod Ol e o Jlo] 0V o) Lazsby

X train ®

X val =

X test ®

Y train ®

Y val =

Y test ®
G e L (Lol a Lo ) g IO b siaadl 5ds CiS 65 0f b5 ciST13)
;S S s

print(X_train.shape, X_val.shape, X_test.shape, Y_train.shape,
Y_val.shape, Y_test.shape)

(1022, 10) (219, 10) (219, 10) (1022,) (219,) (219,)
oo e JS 5o Lot ULy 8RB 1022 e oyl B sazes (5505 (5 LS
ol 10 e X ol ool g s by dais 219 o )LesVls Gasedl Ols sozes
s suy 55 Lol e Y ol sl g sos Lty (JUs)
5 4 bl e oy o b il JSY1 Bl oS08 05 <1 0 <3 0l
S ol e 8 o3 e 8 oy 5 T 5 ) A0 SO
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(O):-A-D 10) N GY-Y 32) (GrYw-r2 32) (O);«ﬁ-" 1)

rolidall odas 5 o5, 8l

ReLU Loticll U5 po dpmas 4 32:1 iseall 22kall

ReLU ool Als o L k5 32:2 Liseoll 23l =

Sigmoid Lep2icll U1s o s &l 110l Sall b 8
s Lo c(Sequential) Jaaiied! 5 ol pdduinis . ol 1S GLIS gl 0dn Loy Lo Y
o osllall 5 S s bes Nl C Al Ul bkl oy ) b obos W

:Keras

from keras.models import Sequential
from keras.layers import Dense

: S ol e fdiziadl Ll gad O s o3 g
model = Sequential([
Dense(32, activation='relu', input_shape=(10,)),
Dense(32, activation='relu'),
Dense(1, activation='sigmoid'),

D
oS LISl s el 5 S il suoey calSon Lionsy U1 oLl JSC2I1 Jo Glas
i gl e oMo 5 Sl Calanie s
model = Sequential([...]1)
@b 5l 8ab) bl aigs 23 godl e (Jld ol o33y oo T o J s s
Y

Dense(32, activation='relu', input_shape=(10,))
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U5 ReLU Jaicdl Dls 5 cimae 305 32 Lg JolSOL dlans 22ds o) ¢ J oYl daall s
deae 3ab J| 25" Dense’ 1S ol LY Jis| Lailas 10 L oY (10 Jb‘-;‘;ﬂ
eIt

Dense(32, activation='relu'),
ReLU Lozl Blag dae 15 32 Ly JolSIL dhame il Lal oa L) L300 2L
Tl e I3 el Keras J o Say oo JB3Y) S Cions Lo oy Y & oY
SV el

Dense(1, activation='sigmoid'),
L)l Doy sds dnas L5 L JolSIL dlame a2l o o1 2V dab of caslef Zadalf
Lo dsll CS}“:'H JSp doee 0 LSS 09 5 WS . Sigmoid
Ul e I3 L cdebaall sl slowl JI plow dislenddl s 0T d 0V
:%gfL‘d>u”¢f°G})&J\Lﬁjsbgglcﬂl>éAsfﬁlﬁm
ol oY Lgalusinad o 5 I da)ylysdl
Aodseanat Uasf Dls =
sl s o il 6 oy a5 A (6 5V pliadl
j)v..“ ;51“' 3 model.compﬂe :\.ﬁriéj ele sl Jl CL‘Jou LC)\.}L«\;}“ o.:\.@..’ C.)}A.J\ u:’jgﬂ
:Judl
model . compile(optimizer="sgd"',
loss='binary_crossentropy',
metrics=["'accuracy'])
:model. compile day w3 o AJLI lslae Y] &
optimizer='sgd',
el sliandl jlusa¥I Il L i) Slsdadl saladl jlassNI J] 'sgd i
loss='binary_crossentropy',
Uasdl @l plisend o 0 S 1 o3 BB Al ol Bl
.'binary_crossentropy'

metrics=['accuracy']
o5 sl ada Lty o5 Lodis oV Uasl s o i J;@;zsmc;:%; Rjees]
IERLURTTICS
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hist = model.fit(X_train, Y_train,
batch_size=32, epochs=100,
validation_data=(X_val, Y_val))

SULI o J] 2 bos UL Geodalaadl o33 A1 Pt Dl pudsens (U pLAl
e sazmall e S ROUINES .Y_train; X_train Lo Al e pu A
-(epochs) Lgo s Jo 5 o el 5 2all Jsby (batch_size Jolaodl davly) Lo 4l
= Joldl 2SS L;)L?}fy T3l (S s by Aol Gl SlLy o ([
pdsinn St e ey 5 p o o L2l A1l eda p 45 .0 (6T 3Rl UL
oI el ) dals s Bl rizy o8 OV s gl e 1 B Lekie el s

b S ol s 505 0 o g ol

Epoch 1/100

32/32 [ ] - Os 5ms/step - loss: 0.6990 - accuracy: 0.3542 -
val loss: 0.6974 - val_accuracy: 0.3699

Epoch 2/100

32/32 [ ] - Os 2ms/step - loss: 0.6955 - accuracy: 0.4022 -
val _loss: 0.6943 - val_accuracy: 0.4110

Epoch 3/100

32/32 [ ] - Os 2ms/step - loss: 0.6926 - accuracy: 0.4706 -
val_loss: 0.6915 - val_accuracy: 0.4703

Epoch 4/100

32/32 [ ] - Os 2ms/step - loss: 0.6899 - accuracy: 0.5499 -
val loss: 0.6889 - val_accuracy: 0.5616

Epoch 5/100

32/32 [ ] - Os 2ms/step - loss: 0.6874 - accuracy: 0.6468 -
val loss: 0.6864 - val_accuracy: 0.6758

Epoch 6/100

32/32 [ ] - Os 2ms/step - loss: 0.6849 - accuracy: 0.7133 -
val_loss: 0.6842 - val_accuracy: 0.7123

Epoch 7/100

32/32 [ ] - Os 2ms/step - loss: 0.6828 - accuracy: 0.7524 -
val_loss: 0.6821 - val accuracy: 0.7489

Epoch 8/100

32/32 [ ] - Os 2ms/step - loss: 0.6807 - accuracy: 0.7564 -
val_loss: 0.6801 - val_accuracy: 0.7717

Epoch 9/100

32/32 [ ] - Os 2ms/step - loss: 0.6787 - accuracy: 0.7779 -
val_loss: 0.6781 - val_accuracy: 0.8037

Epoch 10/100

32/32 [ ] - Os 2ms/step - loss: 0.6767 - accuracy: 0.8072 -
val_loss: 0.6761 - val_accuracy: 0.8128

Epoch 11/100

32/32 [ ] - 0Os 2ms/step - loss: 0.6746 - accuracy: 0.8317 -
val_loss: 0.6740 - val_accuracy: 0.8219

Epoch 12/100

32/32 [ ] - Os 2ms/step - loss: 0.6725 - accuracy: 0.8239 -
val_loss: 0.6717 - val_accuracy: 0.8265

Epoch 95/100

32/32 [ ] - Os 2ms/step - loss: 0.2931 - accuracy: 0.8865 -
val_loss: 0.3051 - val_accuracy: 0.9041

Epoch 96/100

32/32 [ ] - Os 2ms/step - loss: 0.2920 - accuracy: 0.8816 -
val_loss: 0.3043 - val_accuracy: 0.8995

Epoch 97/100

32/32 [ ] - Os 2ms/step - loss: 0.2911 - accuracy: 0.8855 -
val_loss: 0.3044 - val_accuracy: 0.9041

Epoch 98/100

32/32 [ ] - Os 2ms/step - loss: 0.2901 - accuracy: 0.8865 -
val_loss: 0.3030 - val_accuracy: 0.8995

Epoch 99/100

32/32 [ ] - Os 2ms/step - loss: 0.2896 - accuracy: 0.8806 -
val_loss: 0.3025 - val_accuracy: 0.8995

Epoch 100/100

32/32 [ ] - 0Os 2ms/step - loss: 0.2884 - accuracy: 0.8816 -
val_loss: 0.3017 - val_accuracy: 0.8995
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L35 e 1536 0585 0F o B30 J1 Il I e g pls o 3sadl O 65 0V
Fman)l B2 Hles Syl jadl sda Gocd gl 5y 5es Bl 5303y Uasdl slisal
o el a8 s 63 6 LI iy o5 ilksee 28U SBlae
(S b o o Lo I a5 03 ey BN S laadl iy p 55 Lakie Sy oLl
Jeriy o5 by Lol LV ae e B3 e ) gall S Ao o Jon S Sy

I s I 8 a0l Calanie

model.evaluate(X_test, Y_test)[1]

08 2aS By sl naiaS Uasdl w5 BN OT g2 ool U1 g 1 o001 35205
sl Ul 2 Jall oy ] gl iy el imall ) S5 Ly 3235 &Y [l
S dakisen LU o gon M 21,31 0 S (13591 2 ISy BLIN o paad S5l
S5 casl B ST (5 ey Ly ol notebook Jorins Led p sk 5 S
obsl 1 [0 1795 180 (o sl 55 5Lesl 885 e Jaoss 0 o codlel e sl
7/7 [ ] - 0s 2ms/step - loss: 0.3281 - accuracy: 0.8584

0.8584474921226501

o Gym iSOV el OLeis Lams overfitting e ALl pL3VI GLSusS
e stV s s oyl Tasl vy g2 4 LA LSy Lo Soverfitting Jadlly Lo gl
J-3] Lle WS matplotlib dej> paens (23 s 53 Lads 05 ) ol 5l sae
Sl 5 gl s S
import matplotlib.pyplot as plt
M Joaszy o8 (bl pLal . val _Toss ' staze ¥l s 5 Toss" oyl Uas e EIT
23551 C%iaﬂ
plt.plot(hist.history['loss'])
plt.plot(hist.history['val_loss'1)
plt.title('Model loss')
plt.ylabel('Loss')
plt.xlabel('Epoch")

plt.legend(['Train', 'Val'l, loc='upper right')
plt.show()

ool s ooy o5 W o Il Dl odhel 0l Calanie e o JS7 ot
Model loss :lakaseodl 1 Olse CIEI Jaudl susw . 'val_loss'slee ¥l Uas 5 l0ss’
Al ggon  JIsl o x5y sl Land o Lo sl il 1 Ol Ut
Aaedl s el ol io ) 13 50 05 mns by ol Bladeall Cisy e eslid]

e Jre Sl 3es 55 O Cam . lekeseall 5,40 jupyter notebook el
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Model loss
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plt.plot(hist.history['accuracy'l)
plt.plot(hist.history['val_accuracy'])
plt.title('Model accuracy')
plt.ylabel('Accuracy')

plt.xlabel('Epoch')

plt.legend(['Train', 'Val'l, loc='lower right')

plt.show()
Model accuracy
0.9 1
0.8 1
5. 0.7 1
[}
©
5
S 0.6 1
<
0.5
0.4 1 —— Train
—— Val
6 Zb 4b Gb Bb 160

Epoch
e o Lo 2o ) 3355 g s (3l e il 2 il Y [
QU5 mop) Lard gad (36,28 Ao Jras Overfitting O 3o Y ciowall o i)l ds gazes
(B SMblaadl s Gk e s Sas
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i gaen o perye JS0y oS dnae B0 ) Lo dmanl) A (a5 Jol e
-model_2 73 podl Ma ound gyl

model_2 = Sequential ([
Dense(1000, activation='relu', input_shape=(10,)),
Dense(1000, activation='relu'),
Dense(1000, activation='relu'),
Dense(1000, activation='relu'),
Dense(1, activation='sigmoid'),

D

model_2.compile(optimizer="'adam',
loss='binary_crossentropy',
metrics=["'accuracy'])

hist_2 = model_2.fit(X_train, Y_train,
batch_size=32, epochs=100,
validation_data=(X_val, Y_val))

e Slesl ST usT Adam e LAdam fsds (’bﬁmjrigajsi l;-b}q.;‘_f.q L
13 13 8T Ui (s o Y el SIS S lans Jadieiadl 5ot 1Y
25590 ol Yy JUl 5 S0 plaseay hrist 2.3 Uasdl llalasen boneys 35801 W foaizy

t(hist ¢yo Yob hist 2 pasens Lol sbinaly ands a

plt.plot(hist_2.history['loss'])
plt.plot(hist_2.history['val_loss'1)
plt.title('Model loss')

plt.ylabel('Loss')

plt.xlabel('Epoch')

plt.legend(['Train', 'Val'l, loc='upper right')

plt.show()
Model loss
061 —— Train
—— Val
J A \l
) W‘. /J“\ Il"*\‘ ‘M
m0.4- v\‘.\‘\«‘f‘u ‘r‘
S 0s. ’\A /\V /\w/ f

0.2

0.1 A1

0 20 40 60 80 100
Epoch
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el sl ellas) S il +Uas-Y) ezl overfitting e &l Ldle oda

1 SIS plasenaly B Lo 13] .l 255 gyl sV e 265

plt.plot(hist_2.history[ 'accuracy'])
plt.plot(hist_2.history['val_accuracy'])
plt.title('Model accuracy')
plt.ylabel('Accuracy')

plt.xlabel('Epoch')

plt.legend(['Train', 'Val'l, loc='lower right')
plt.show()

:'val_accuracy 'sleze ¥l &85 5 "accuracy ' ) BA oy c.pj 6).9 S ol Lia_j LeSas

Model accuracy

0.96

0.94 4

0.92 4

o

©

S
s

Accuracy

o
o)
@

0.86 -

0.84

0.82 -

T T T

0 20 40 60 80 100
Epoch

G b e Lol ALl L3I 3. overfitting Johis) Llons] pul San i Les Y
f\!ﬁ .dropout Sl Sl Laas pSs (] SENE RO & .overfitting C"J

i slail Gdodl BLSY axbow (gl 531 506 Les

from keras.layers import Dropout

I gl e S b 505 3o o3

model_3 = Sequential ([

D

Dense(1000, activation='relu', input_shape=(10,)),
Dropout(0.5),

Dense(1000, activation='relu'),

Dropout(0.5),

Dense(1000, activation='relu'),

Dropout(0.5),

Dense(1000, activation='relu'),

Dropout(0.5),

Dense(1, activation='sigmoid'),

oy sy IS I 92 23 50l 3 5 el (3,01 8 s iy o
toda Js 3l dib Lasl Dropout Loy
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sl dunlol duwosl Bl : S Jrodll

Dropout(0.5),
Les ooyl sL3T D3 0.5 &b L) DLl didall Ghaasdl LIS OF n 1s

2 z:}i7°3 L}iﬁ S Malaadl ;r*jif [PIERAPRPPOCY

model_3.compile(optimizer="adam',

loss='binary_crossentropy',
metrics=["'accuracy'])

hist_3 = model_3.fit(X_train, Y_train,

plt.
plt.
plt.
plt.
plt.
plt.
plt.

batch_size=32, epochs=100,
validation_data=(X_val, Y_val))

Bl Uasdl llalases g 5 Les Y

plot(hist_3.history['loss'])
plot(hist_3.history['val_loss'])
title('Model loss')

ylabel('Loss')

xlabel('Epoch')

legend(['Train', 'Val'l, loc='upper right')
show()

S pll e Sl sall AL G g

Model loss

—— Train
—— Val

0 20 40 60 80 100
Epoch

eo3) ol Uas o Wil 28T 2 3 5adl e o ol Ui 06 ey (SKop LS
13 SN ey BN e 3 (o3 o 2T 5 50l b 58 m b sl ln Il Y (S

plt.
plt.
plt.
plt.
plt.
plt.
plt.

plot(hist_3.history[ 'accuracy'])
plot(hist_3.history['val_accuracy'])
title('Model accuracy')

ylabel('Accuracy')

xlabel('Epoch')

legend(['Train', 'Val'l, loc='lower right')
show()

I ol e ol eall gl G gy
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Model accuracy
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L Golab 21 A lall a1 pole IS0 81300 Lol kg a3 ¢ 2 23 50l Bl
O Molnodl i Sy ¢ 08 gt B sazen 3 131 acall i) el s
) &y Ll

Junollanlla

& el LI Jos 128" Slow Lol 23led 2 LobhaoVl Lnaall IS2H =
(S Ll

Aoty dudses iy 13 diby JUos b o Loblans! das 802 S50
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o oKz &y « Perceptron gl daall LS drdad o0 ¢ 5 Lol Je gl =
ol o ey WA e oS 2de e (g oy

S il pde 3 Perceptron &S1Yl Lasll SIS S A2y ®
Clas ghaad oS0y Y A1 il s

o 1 3531 5 n e pame o 2l il Bl el 0 gl
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Jual

Seloctl oo o Qo oS00 51 Q] (ool s Lzt 536 52 210
DolouVl (2306 8 all i .11

$lantexl DI 44 all b eall L Lo .12

Sl sutaey S8l Gt JSLES £ 3YI 2l B dotsinenall Lot} s 2 e 113
fmanll SISl il Ldas b optimizer ¢puoeell 4nb U1 500 Lo .14

- JoJ

wllabides pand g o3 . Iris Slily d8gares it inddee iid Olb Laas K4 ALY o3
ol 8T downal (pa aoedly oyl de gocrend Ul 52301

Sl JioY il S G g S
from sklearn.datasets import load_iris scaler = StandardScaler()
iris = load_iris() X_scaled = scaler.fit_transform(X)

X = iris['data']
y = iris['target']
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doa0oJl

Convolutional neural ) &3Vl Lasll SISl alis pds « foaddl s
JSCis 1 ISCal) et I b S bl 00 s, CNN yLasl 5l c(network
hendl B e St LY dandl O Joxs 8Lt dnan)l 021 L
GEBLEN] danll SIS By e JalSUN Bl dny el e UGl o8 UL
keras GLoledVl Lanll Ol plusenl Jos Jls doiz o5 Ladll LU

(CNN) éuslaiUl duun o)l clAuidl

Gk Lol Wil a5 0 ¢ JalSOL Alanadl Do) alol Ll SIS B
Bl andas O oy e Wy 035 & Jlasl JST &I Ladall dze (oo B
Pl goley plike Jo oS 64 x oS 64550 10 85ke L3N 0T o i) ol
By 3all odin o3 oy 1 92 Sl e O] J g8 ¢ 1 Aoy (g3ley JuSs IS Jitas o Y
L)l &N -5 &b b C(.: o9 (Cox 3 50e x8L3)) 64 X 64 x 1 = 4096 -
500 L LI aadall of o 531 sie 4096 gy 5y pmall oda oo s A1 Bl el
sl Slos o35 Synd Gled Aame LI Sladall Jaiall e 0Y Dl 3
il 3 may S Ll didally JUsY) o 4096 X 500 = 2048000
sl dalel el ) Goiie Slid sde Jl Bale g Guiaall NSCA
e 5900 oA e 55305 0585 Y U5 Ao il Lualel )l 20 Y Ly Aol
GBS ) Bsaxs Lises Slib s 35 ol SLLy Gl sl ) oMl
ST el Elos Jam s by 2olsad) L0501 8502 GOGsY) oo T S 5 3525 U0
)l pedls 23 gy ol o el ey 6l LaS ol s e 5315 Gl (58 o
WA 1) Tl J) A s e o5 o halrall e 1S e 0l (U3 J) LsYL
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Joo sl Ly s b r\.»‘;z.«i; Mol ko) UV il psens 1 dpdicll
S GV s L2l Ul e SIS 0dn ol dotiy sl ablies ) geall
Yoty SLEY pbens fnae SIS p DLV SIS Glasb gy Qg padicy
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Bl oty el LS o s« JU3 Y1 DLy g 830w Bakaie 0 &g e
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Local) Jowal bL3,¥1 5 (parameters sharing) <dladdl &)l .2
Lins 50ms 356 Jalos Ly 336 50 s 0lindl 42> JS (s 523 :(connectivity
Soeodl iVl Jlos o 3315y Johoe LSl 550 o 530 oy IS (g 5o
A e el a5 oW Sy s s 31 51 85 el LSS
& Temand! L) o Aol 015531 815 o (Jlnadl A5 L0e £3LIY L2 Lal
s po dnas Ll JS'0N p ygin g (5 Tl o ¢ omall JLasVI (Sl iy >
b5 A Elo W ) B2 oS o ) LIS g s b s oy Lol
Eelaadl s JS 3 ol sall edin sl - alS IS0y Al LG o L
3o LS ST i ol s oLl ol pa b

Slaall s u:b L QL :(pooling) gl ol (sub-sampling) bl pex .3
i by Jren (CNN &GS e SLet¥l dab d 55 ol o de A
g J A 1 o5 . a5 s DU 2301 sl s e 3Lt A lal) s
Canl small odn Jas 32 LealnS O o (1 Blalnall e JAS 5 o]
Agdss ple JSCo 3Cadl el a3 Jl (535 Lo « overfitting ;3G e

aalg pao JUo il - Grocll el &)U (9 Loao (jga auslailll oIS il cuc)
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from keras.layers import Conv2D
:&;lﬁl e ﬂb;z»lf eVl dab s Las) U e Sl
Conv2D (filters, kernel_size, strides, padding, activation='relu',

input_shape)
I Sl ) S| il Ly

Sl sl -filters =
(S =) LVl sisl 5,0 CL&:)\ g o :kernel_size =
Ll 2l doly o s imd ¢ o8 (6 3o o 13] LIV & ghas- sstrides =
same ! valid :padding =
relu il dls pldesl o2 L 3als cactivation =
oy JUs) ehle Com b sadl Gl kS Sl Lol SLEY! dib plusenl Lo
(I o) Lhas 5 e o5 OVl gL ) 5uosl Ao sazes oda L 43LS) input_shape

aduhll ca Blaill asun (A4i d 13l input_shape alauug glodi oac o 2480

ATALD (8 ol

(@waJl) (Lol 664N
s 11 st s & sllandl cSebaall sas JUas Lol GOl lid Llpe i) Jos
o I WSV [ETE AW JES TRV WENE (TN [ N AR P [N S R
GBS drdlaed & sllaall dw el 35 5lde |5 e moncll 22 b dels . (Pooling)
Gy pllaall Drllaodl 358 5l Johi5 o2y colap¥) 5 3o by sl S 6 @55 a5
PV [[REL P SOCE. SO | SV RPN - SURCHUIN [ CYVCS N S 1IN
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Jladl lda (8. gl LSy s Ll (Dataset) ULl Ole sazes (o Ldall dm 55

eSS 32325 ez 55 g0 18y gl 3]

cas ¢ gl gl ¢35 fals (@l Bee) Sledle 10 i(@laddl) leda) =
ALy b Gl g c IS 1S

10000 5 g2 SBLy 50000 ] o 35 30 60.000 1B e yazen qrem =
e bl

5 Kerasca s o .5y suall ULy de gazee 3|yl 5o 4 flfw e - - Jsl
;jupyter notebook e Jull 55831 fxds 5 b

from keras.datasets import cifar1@
(x_train, y_train), (x_test, y_test) = cifar10.load_data()
Downloading data from https://www.cs.toronto.edu/~kriz/cifar-10-python.tar.gz

170500096/170498071 [ 1 - 2s Qus/step
170508288/170498071 [ ] - 2s Qus/step

5 (xtrain, y_train) &l Slbsiwdl dlerbes ) SULI s oY1 o
b5 a8 (6 Lses UL depammn o a5 Lo gib Les . (x_test, y_test
o) oY1 jailas i yaes

print('x_train shape:', x_train.shape)

x_train shape: (50000, 32, 32, 3)
b b e (00 X train Ly e gezes O 8 piaall JS3 6 5u
5,5 50000 =
;S 32 gl =
JSe 32 20
(B55315 2V I L Jas o) JuS 3 Gos @
(ol Seadl) Ol B a0 5d5 2 S (6 5 Lges
print('y_train shape:', y_train.shape)
y_train shape: (50000, 1)
43 Jslowd Les 015550 50000 e 85 50 JSI @eSally Uas o) 3 Sln o omy 1ia
o2l gl LDl s 3y g0 o s

print(x_train[0])

[[L 59 62 63]
[ 43 46 45]
[ 50 48 43]



https://www.cs.toronto.edu/~kriz/cifar-10-python.tar.gz
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[158 132 108]
[152 125 102]
[148 124 103]]
[[ 16 20 20]
[ @ 0 0]
[18 8 0]
[123 88 55]
[119 83 50]
[122 87 5711
[[ 25 24 21]
[16 7 0]
[ 49 27 8]
[118 84 50
[120 84 50]
[109 73 4211
[[208 170 96]
[201 153 34]
[198 161 26]
[216 184 140]
[151 118 84

33 1% 3im
330 e Uyes S L D e o Lo ey a1 0y ) el 35S0 (5 2 Loy
:matplotlib &s 3> plasul [0] x_train[o]

import matplotlib.pyplot as plt
img = plt.imshow(x_train[01])

gl idad 5, a8 x_train[0] Gded el Sl 03 25 dls o pltimshow
Tz ho pay Jo 32 x 32 58 8y pall e 0N Gll3s B et oSlel B sl
1l Lol SULII A pars (85 poall 0da e a Lo (55 Uses oYl
print('The label is:', y_train[0])
The label is: [6]
Dol W i 8ol e Py Sl B s o5 o 6 el 0] 55
(Gl dl e
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img = plt.imshow(x_train[11])

(NS Lol ek Uges
print('The label is:', y_train[1])
The label is: [9]

il Ll e dadas 5y gaall odia 0T (55« old! Il plasenly

I Y Ml gl S zlos by Lol SLLIl e gazes bzl ol dny 0V
et 5 e Al Cnd 52l OY i 83 03 S o e o L3ka3 O a L
CIIT13] Lo o o dpaal) L2505 S0 1 13] ko 13Ls o o Lo (iaid] o
CUSS a5 5 Jaos g2l i O oz J2 (9 tiendl) &L 5 (1 1amd]) 350w 35 500!
A oma Ve s e LSTIL §(5 tiancdl)
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« Keras plsealy Jilall slanl 3200 J5Y1 dmandl L GLasl ¢ oLl ol b
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 JE gl e Jadl g ol i 05505 ¢« (0ne-hot) 55

o [ | T 000000000] |
[0 00000000]

[00 0000000]
[000 000000]
[0000 00000]
[00000 0000]
[000000 000]
[0000000 00]
[00000000 0]

&l | [000000000 ]

3

E

[ & ]
[© ]
2]

155150 Keras pddwal ¢ L sl g pLAU

from keras.utils import np_utils
y_train_one_hot = keras.utils.np_utils.to_categorical(y_train, 10)
y_test_one_hot = keras.utils.np_utils.to_categorical(y_test, 10)

y_train_one_hot = keras.utils.np_utils.to_categorical(y_train, 10)JE~J\L;JE
S5y y_train_one_hot JI sy Lis y_train 3 NI FERPIPIN I P Tt
) siag DL Slle o &Y JolaaS o sllas 10,4531 0ne_hot je 5 el

.3)):.-},«.“
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(9 1@l ld &Lty L1 5) peall Land 55 S (5 of o LT Lo mad ¢ OV
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print('The one hot label is:', y_train_one_hot[11)
The one hot label is: [0. 0. 0. 0. 0. 0. 0. 0. 0. 1.]
5l Lanl (%) L5y se0 dodlas b b 5 05 Ly dolsl (y) olodhe Ladle ol dw oY)
\;m.w\w%).\:y.\;wwc 150 o ol 35 a badses I dsledl
o Loy | Bbly b (e ¢ 255 5 0 oy U iy 2B Lol oSl 3 0Y
:255

x_train = x_train.astype('float32')
Xx_test = x_test.astype('float32')
x_train = x_train / 255

x_test = x_test / 255

& = S aSas bl ¢ 529« float32" Jlgsdl fs 5o 4 o5t Lo Lhas
o5 l) Sy e 2l 5 b 5 eiST13] 255 e 1l S el o3 Rkl 5 55
SN T PN R SR E S LCHEPEIPIN
x_train[0]
array([[[0.23137255, 0.24313726, 0.24705882],
[0.16862746, 0.18039216, 0.1764706 1,
[0.19607843, 0.1882353 , 0.168627461,
té:é196@787, 0.5176471 , 0.42352942],
[0.59607846, 0.49019608, 0.4 1,
[0.5803922 , 0.4862745 , 0.403921571],
[[0.0627451 , 0.07843138, 0.07843138],

[o. , 0. , 1,
[0.07058824, 0.03137255, 0. 1,

S

[0.48235294, 0.34509805, 0.215686281,
[0.46666667. 03254902 . 0.196078437,
[0.47843137. 0.34117648, ©.2235294171],

[[0.09803922, 0.09411765, 0.08235294],
[0.0627451 , 0.02745098, 1,
[0.19215687, 0.10588235, 0.03137255],

S

[0.4627451 , 0.32941177, 0.19607843],
[0.47058824, 0.32941177, 0.19607843],
[0.42745098, 0.28627452, 0.164705891],

ey

[[0.8156863 , 0.6666667 , 0.3764706 ]
[0.7882353 , 0.6 , 0.13333334],
[0.7764706 , 0.6313726 , 0.10196079],

(]

[0.627451 , 0.52156866, 0.27450982],
[0.21960784, 0.12156863, 0.02745098],
[0.20784314, ©.13333334, 0.078431381]],

[[0.7058824 , 0.54509807, 0.3764706 1,
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[0.6784314 , 0.48235294, 0.16470589],
[0.7294118 , 0.5647059 , 0.117647061],

[0.72156864, 0.5803922 , 0.368627467,
[0.38039216, 0.24313726, ©.13333334],
[0.3254902 , 0.20784314, 0.133333341],
[[0.69411767, 0.5647059 , 0.45490196],
[0.65882355, 0.5058824 , 0.36862746],
[0.7019608 , 0.5568628 , 0.34117648],
[0.84705883, 0.72156864, 0.54901963],

[0.5921569 , 0.4627451 , 0.32941177],
[0.48235294, 0.36078432, 0.28235295]]1, dtype=float32)

2l el S e sty Hlesl e pemmas oy oyt Ao peres Lol OV 2
g sl sz o Bt by Lol ol &6 gazes ity p525 Y ¢ oldl Juadll
LY gy p s

Dplars Ly ol 23 petdl dplems o Vil Lde Com ¢ oLl Jdl 18 e
‘S LJ@L@WQ;J\ CNN

AUs-dodl 8y guall ';_3_' 3 é’
FYXFYXY % g 1 pial
' 3 § g (M5 10)

P gl e asedes ool 5 STl &y lenadl Belae o35

e Conv Layer (32 Filter size 3X3)

e Conv Layer (32 Filter size 3X3)

e Max Pool Layer (Filter size 2X2)

e Dropout Layer (Prob of dropout 0.25)
e Conv Layer (64 Filter size 3X3)

e Conv Layer (64 Filter size 3X3)

e Max Pool Layer (Filter size 2X2)

e Dropout Layer (Prob of dropout 0.25)
e FC Layer (512 neurons)

e Dropout Layer (Prob of dropout 0.5)
e FC Layer, Softmax (10 neurons)

o s LS LeST ¢ (o olly Las 28T) lidall s 2801 e & slemadl o (g 5203
Eomn el lackatdl o o doly oy Bl JS e lti] o« G5 o 3 e Ll alie
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S AL L) 23] e dblay ¢ 45 softmax diby of LY 1GIAU el Y
L ol Canadl At ol 5 Lo sy ¢ dlates wla) 6

o all ) OY ¢ @5 ey - febadl Keras g3 god pddwiion ¢ 1 Goea
55 g Vs a5 SN o jad . Jediatll 300 A b 0085 50 ¢ b g B il
s 1 s 1 ol any Sl 0585 YT el alas Lo dnglio cyo

from keras.models import Sequential
from keras.layers import Dense, Dropout, Flatten, Conv2D, MaxPooling2D

100 ks 3 500 L2305 3

model = Sequential()
Sl pn ST eST130) V1 ARall 350 ST 5 F5W o3 gl a3l s Bl i
L o B all .32 Gas s 155kl s ¢ 3x3 b o o SLEIYI AL 2 (Gol!
Les &3 2 .(CNN «lib o e oladey olu Sl glda) relu” s Llnaly
UFYN I PNE AN PREE

model.add(Conv2D(32, (3, 3), activation='relu', padding='same',
input_shape=(32,32,3)))

D ey ol ezl Lordsad J) Bikall oda BLS) 5o 55500 s aleiy Lo
ez (3e3) pB, V1 o I sl 3 sde ) ey ¢ 32 J5Y1 3,1 . model . add ()
o< o Ll LY . 'same' dadally 'relu sas oozl suss @A s e )
b o) bedos J] Bl Ldy 551 slas) b stride=T oY s ¢ 35ls
505 Y I eilal YUl oo oo J) Ul oy (it ¢SS S8 i
2V e e JUo W) e il ey o« Sl soll o e 221 ikl
W) e Aot ) oo V) ol i e 5 801 A3 Bikall 55 ALl 2 Lall
model.add(Conv2D(32, (3, 3), activation='relu', padding='same'))
2 Yl el 3 gl 5 2 x 2 e s ezl (o ol - Bl a LI 2L
B ksl oda Ao )l ¥ AU ¢ 2 6 2 58 mrazell o do uadl k)
model .add(MaxPooling2D(pool_size=(2, 2)))
roverfitting aia) 0.25 Jlozl mo 1 pdad) Sl s i ¢ 13
model.add(Dropout(0.25))
G dgline AU V1 il s 5 S e il T Il slisls Led oY1
model.add(Conv2D(64, (3, 3), activation='relu', padding='same'))

model.add(Conv2D(64, (3, 3), activation='relu', padding='same'))
model.add(MaxPooling2D(pool_size=(2, 2)))
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model. add(Dropout(0.25))
Jadl b Jladl b obdas Lo ety b pag o JalSOL Alaanall Zadall doen p ) o ¢ (5]
i o Yy e b L) Al BN 35 o ¢ Al podl e b o U3 e Gl
Vsl pgs O o ¢ dorly o (b Lmandl LS o CnSdls ] JSC21 L
:Flatten dab BLa] 5 ,b (o Gy o585 0y sy

model.add(Flatten())

rrelu Jacisdl dlss dnas A 512 Lg JolS0L dlams dab +Lid) ) irlbow oo« 0V
model.add(Dense(512, activation='relu'))
105 Jlomly 3T Gl pe Bl i o3
model.add(Dropout(0.5))
ssoftmax Janiizl Dls s das L 10 L JolSIL dlame dab oLl Lad ¢ [
model.add(Dense(10, activation='softmax'))
35U Jerizy p s ¢ AalSl B planedd asele B33 ¢ OV Ly sloma sy (o OV elgm VI 05
: Jel

model . summary()

Model: "sequential"

Layer (type) Output Shape Param #
conv2d (Conv2D) (None, 32, 32, 32) 896
conv2d_1 (Conv2D) (None, 32, 32, 32) 9248
max_pooling2d (MaxPooling2D) (None, 16, 16, 32) 0
max_pooling2d_1 (MaxPooling2D) (None, 8, 8, 32) 0
dropout (Dropout) (None, 8, 8, 32) 0
flatten (Flatten) (None, 2048) 0

dense (Dense) (None, 512) 1049088
dropout_1 (Dropout) (None, 512) 0
dense_1 (Dense) (None, 10) 5130

Total params: 1,064,362
Trainable params: 1,064,362
Non-trainable params: @

A bl plusenl T35l aoeay o555 ¢ S5 dw

model . compile(loss="'categorical_crossentropy',
optimizer='adam',
metrics=['accuracy'])
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.'categorical_crossentropy' dsblaedl Loy 5V &b lgedseins 2l Uasdl s 5o
L3 pad B3 w5y ¢ T L adam s L L) ol
izl s el il 0V 23 1 ol

hist = model.fit(x_train, y_train_one_hot,
batch_size=32, epochs=20,
validation_split=0.2)

B GOt Y a3 g 8553 20 5 32 e labs ploenl b god ik s
Ma plasesl . validation data ;s Y validation split = 0.2 sl pasenn €555
5 saray o 8 sazes J] by Aolidl UL d8 pares s ] s Y o jlas I
Bodierwall ULT £ pamen 5ltie Abluy st « U5 10 Yoy I b oweall 0 Gl
B Ul LIS sas cyo 720 pltiiial o2y ¢ Dol 0 5 i o il e yamaS

ool Ty 3 502l O (6 awy BB iy o3 . 300 5 gazeaS Ly

Epoch 1/20

1250/1250 [ 1 - 27s 14ms/step - loss: 1.4824 - accuracy: 0.4623 - val_loss: 1.1698 -
val_accuracy: 0.5885

Epoch 2/20

1250/1250 [ 1-17
val_accuracy: 0.6276

Epoch 3/20

1250/1250 [ 1-17
val_accuracy: 0.6725

Epoch 4/20

1250/1250 [ 1 - 17s 14ms/step - loss:
val_accuracy: 0.6828

Epoch 5/20
1250/1250 [
val_accuracy:
Epoch 6/20
1250/1250 [ 1-18
val_accuracy: 0.6874

Epoch 7/20

1250/1250 [ 1-77
val_accuracy: 0.7066

Epoch 8/20
1250/1250 [
val_accuracy:
Epoch 9/20
1250/1250 [
val_accuracy:
Epoch 10/20
1250/1250 [ 1-18
val_accuracy: 0.7077

Epoch 11/20

1250/1250 [ 1-18
val_accuracy: 0.7083

Epoch 12/20
1250/1250 [
val_accuracy:
Epoch 13/20
1250/1250 [ ] - 18s 14ms/step - loss:
val_accuracy: 0.7089

Epoch 14/20

1250/1250 [ 1-18
val_accuracy: 0.7042

Epoch 15/20

1250/1250 [ 1-17
val_accuracy: 0.7133

Epoch 16/20
1250/1250 [
val_accuracy:
Epoch 17/20
1250/1250 [ 1 - 23s 18ms/step - loss:
val_accuracy: 0.7046

Epoch 18/20

1250/1250 [ 1-18
val_accuracy: 0.7061

Epoch 19/20

1250/1250 [ 1-17
val_accuracy: 0.7165

Epoch 20/20

®

S

.0689

»

14ms/step - loss: 1.1323 - accuracy: 0.6000 - val_loss:

®

)
S
©

.9494

»

13ms/step - loss: 0.9810 - accuracy: 0.6534 - val_loss:

S

©
®

.8859 - accuracy: 0.6900 - val_loss: 0.9151

®

)
S
©

L9117 -

—
'
o
17

15ms/step - loss: 0.8015 - accuracy: 0.7171 - val_loss:

®

.6802

©
S
©

.8959

7

14ms/step - loss: ©.7203 - accuracy: 0.7469 - val_loss:

S

©
®

.7709 - val_loss:

IS)

.8811

»

14ms/step - loss: 0.6486 - accuracy:

S

fhar
'
-
»
©
S
'

.7902 - val_loss:

S

14ms/step - loss: 0.5960 - accuracy: .9053

®

. 7055

©
S
S

.9100 -

fhar
'

-

»

13ms/step - loss: 0.5312 - accuracy: 0.8129 - val_loss:

S

.6982

©
®

.8262 - val_loss:

IS)

19183 -

1)

14ms/step - loss: 0.4887 - accuracy:

S

©
S
S

.9454

7]

14ms/step - loss: 0.4483 - accuracy: 0.8415 - val_loss:

®

fhar
'
-
»
©
S
'

.8514 - val_loss:

13ms/step - loss: 0.4195 - accuracy: .0072

S

.7062

©
®
IS)

.3889 - accuracy: 0.8625 - val_loss: 0.9655 -

S

©
®

.8764 - val_loss:

.0041 -

1)

14ms/step - loss: 0.3591 - accuracy:

®

©
S

.0220

»

13ms/step - loss: 0.3372 - accuracy: 0.8814 - val_loss:

S

—
'

o

1)

©

S
'

.8868 - val_loss:

14ms/step - loss: 0.3242 - accuracy: .0927

S

7041

©
S

.3053 - accuracy: 0.8925 - val_loss: 1.0579 -

S

©
S

.0833 -

7]

14ms/step - loss: ©.2917 - accuracy: 0.8990 - val_loss:

S

©
S

.9014 - val_loss:

L0957 -

»

14ms/step - loss: 0.2825 - accuracy:

S
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1250/1250 [ 1 - 17s 14ms/step - loss: 0.2700 - accuracy: 0.9064 - val_loss: 1.0855 -
val_accuracy: 0.7131

W | LSt oy 3 oyl (601 ¢ o 5800 ik s Lol gyl m oW g
rly sl s £t el e Al %JJ;J\;U:}@..A}:J

plt.plot(hist.history['loss'])
plt.plot(hist.history['val_loss'1)
plt.title('Model loss')

plt.ylabel('Loss')

plt.xlabel('Epoch')

plt.legend(['Train', 'Val'l, loc='upper right')
plt.show()

Model loss

—— Train
1.4 —— Val

0.0 2.5 5.0 7.5 10.0 125 15.0 175
Epoch

plt.plot(hist.history['loss'])
plt.plot(hist.history['val_loss'1)
plt.title('Model loss')

plt.ylabel('Loss')

plt.xlabel('Epoch')

plt.legend(['Train', 'Val'l, loc='upper right')

plt.show()
Model accuracy
0.9 A
0.8 4
o
£ 0.7
3
)
<<
0.6 4
0.5 A —— Train
~—— Va

0.0 2.5 5.0 7.5 10.0 12,5 15.0 17.5
Epoch
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model.evaluate(x_test, y_test_one_hot)[1]

313/313 [ ] - 2s 5ms/step - loss: 1.1410 - accuracy: 0.6924
0.6923999786376953

Sl el el IS8 Jamy 48 ¢ QU5 e g B b b 3 gl ¢ ey LaS

e Brdsad 23 ST (515L) ool b sal B b b5 B Al ol 0dn S

&) HDF5 oy Cile 3 550l 350 o2y (@B OMalaoll 535 s po 515V
el Oladad] e el g Lol yad Jaisws (5 slaeYl

model.save('my_cifar10_model.h5"')

el B ol 3 5l 55 g 5 oS 3] s JU1 5 S0 s pase

from keras.models import load_model
model = load_model('my_cifar10_model.h5"')

T35 Lol ¢ Gl oL L paal) Cinas L2 Lod CNIN B Jsf BT e lans
lgadlaas Lad ol SULY Ole gazes Jo Lguydoy 2l ased Keras Sequential
w)ﬂj\@ G asliical (o oS o Lard god aiow Ul L3 i) . il
35l i Bale] ) bl

Peo) B0 o o8 e U LA U g e 4 L 0 50 L) gl 0 ks Y
Moo s B Leads SR e G SUL Sl gers DS (e By e
1oLl Al 3, g0 psns . mOtEbOOK

S 0B 0 G oS 1da JPEG ke oY1 1,25 " cat jpg’ 5 6, 50l s

my_image = plt.imread("cat.jpg")
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B s o oS oo ol i) 8y puall e i a4 el Lide oy ¢ 5 ]
Les o bl ol i 815 B oo Y (B2 x 32 x 3 JLo) o) L sl
il e LAl b Lousluad Tscikit-image” omd Loy pddens

from skimage.transform import resize
my_image_resized = resize(my_image, (32,32,3))

(S ol e Lz 130 o5 A L5 50 455 LSy

img = plt.imshow(my_image_resized)

0 5 10 15 20 25 30

30 0ot Jaddly Ll 5 JooSly 23 e (g0 om0 3 G185l o 0 1Y
bl 8 pma) Gl L Lad 2l Bl ol o glas s ] b Y S 1
Lord gl 50 sdps &S5 5 « model . predict 5,1 plaseals ¢ oV L Lol o]

;ESJ}&LSLB!M%JJM|

import numpy as np
probabilities = model.predict(np.array( [my_image_resized,] ))

Ll 13 ol e oVl V1 s g Aas o dmae LS 10 56 52 oMl 5,801 30
o) ) S ¢ 3l ki
probabilities
array([[2.6720341e-02, 3.1344647e-05, 1.5095539%e-01, 3.8518414e-01,

3.3354717e-03, 3.2324010e-01, 5.1648129e-02, 5.7933435¢-02,
9.2716294e-04, 2.4454062e-05]1, dtype=float32)

2 gy 5 gosd) d 5 551,30 N 5 S il oy o3
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number_to_class = ['airplane', 'automobile', 'bird', 'cat', 'deer', 'dog', 'frog',
'horse', 'ship', 'truck']

index = np.argsort(probabilities[0,:])

print("Most likely class:", number_to_class[index[91], "--  Probability:",
probabilities[0,index[9]1]1)

print("Second most likely class:", number_to_class[index[8]], "-- Probability:",
probabilities[0,index[811)

print("Third most likely class:", number_to_class[index[7]], "-- Probability:",
probabilities[0,index[711)

print("Fourth most likely class:", number_to_class[index[6]], "-- Probability:",
probabilities[0,index[61]1)

print("Fifth most likely class:", number_to_class[index[5]], "-- Probability:",

probabilities[0,index[511)

Most likely class: cat -- Probability: 0.31140402

Second most likely class: horse -- Probability: 0.296455
Third most likely class: dog -- Probability: ©.1401798
Fourth most likely class: truck -- Probability: 0.12088975
Fifth most likely class: frog -- Probability: 0.078746535

Mia ¢ QU5 a5 5 g0 311 3 OIS Asall 8 ml O By 3500l W35 ¢ (65 S
M oy e 2801 0355 O o Y G ¢ Tl B w335 L) 23505 il o

sly Sy ¢ oS o B Sy o gores S hais CNN SIS Sl Lol
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ol Uy o 5] ) AN Gdad IS (o ol oall ko (635 @

oatlas sl v &Y ol plseal Bad eul Gal GLIY 23b ) oLey =
Al oda 33 peall

Juaal

SLE UV ) Zalall L lamadl o
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5y 50 el SIS e dadie Joaddl e W pdiy ol a3 Ol 5es 55
SRNN oS baels . RNN |)Lazs| 5 «(Recurrent Neural Networks)
sda e darl ) Bl i wdod I e sl 8 pine okl me bl
Ol el JBsY s dndlae e 5,030l Jaas L (sequences) oDl
oo @I Gitgpadls S s Gl Rl el Joa plge (Beliendl 5 RNN
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! Alex Graves and Greg Wayne and Ivo Danihelka (2014). "Neural Turing Machines".
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RNN plaaiwl gai adgi

aall dxdles Jlns (d(language models) 432 GSL«S ol Ja RNNs r.,\;g"mg
ddeid G pload 5,20 &) Je Joall o2 . (natural language processing) Lol
fLY o e Jlreed nadl 3lbecl) el RNIN 503 pbend ol 45
L of RNN ) szl Gl gl e - Jlrmadl 3 sinns Glad o g ok
O Jre oY Sl gl eS8 STy s ols Jre DUl IS I e
o o Gonls 3501 OIST3] il e ol gl e S5 ]
Cll" il pend el s G oI panll gt w6l 35 Vpke (oS 055 o
LS o (gl plul LSy (S ay JeS (g 5 s o I gl PO
Gsly has (www.gutenberg.org) TS o dny )l M8 dl2dall
LBlres w51, SLS 57000 (e dy3p b debb as & (U
byl 1 (e 8,30 warpeace input.txt ils Jreos Clle Yl
https://cs.stanford.edu/people/karpathy/char-rnn/warpeace_input.txt
A farte o s LSy (g A Al s
https://www.gutenberg.org/ebooks/2600
Sl ) el Jsmas Gl L o3 il G ol ] ) il ST cciled) oo
10 100 sl Aol ade a8 A5 5 2hno
training_file = 'warpeace_input.txt'
raw_text = open(training_file, 'r').read()

raw_text = raw_text.lower()
raw_text[:100]

'ufeff"well, prince, so genoa and lucca are now just family estates
of thenbuonapartes. but i warn you, i'

10 Y1 3de Sl I irbow o0 oY)

n_chars = len(raw_text)


https://cs.stanford.edu/people/karpathy/char-rnn/warpeace_input.txt
https://www.gutenberg.org/ebooks/2600
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print('Total characters: {}'.format(n_chars))
Total characters: 3196213
iy b el plnaly O o e J sl Sy (I3 ny

chars = sorted(list(set(raw_text)))

n_vocab = len(chars)

print('Total vocabulary (unique characters): {}'.format(n_vocab))
print(chars)

Total vocabulary (unique characters): 57

['\nl, [ ly I!I, llll, llllly I(l, I)I, l*l’ I,l, ' l’ I'I, l/ly l@l’
I-II, I2l’ l3l’ |4|, I5l, l6|, I7l, |8l, Igl’ I:l’ I;l, |=|, l?l,
lal, Ib', |C', Id', Ie', lfl’ Igl, lhl, Iil, Ij'; Ik', Ill, lm‘,
lnl, IO', lpl, 'C]', Ir', lsl, It', IU', IVI, IWI, IX', Iyl, 'Z|,
l‘al, Iél, le'l, Iél, l\ufeffl]

\
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by LSay ¢ Jodeddl S5k 5 315 deep learning architectures J o<l 2l J)
E N gl e g pa5 Al e

Sl 5l
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earni
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AWl isldl JI ol il
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index_to_char = dict((i, c) for i, ¢ in enumerate(chars))

char_to_index = dict((c, i) for i, ¢ in enumerate(chars))
print(char_to_index)
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import numpy as np
seg_length = 100
n_seq = int(n_chars / seq_length)
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np.zeros((n_seq, seq_length, n_vocab))
np.zeros((n_seq, seq_length, n_vocab))
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for i in range(n_seq):

x_sequence = raw_text[i * seq_length : (i + 1) * seq_length]

x_sequence_ohe = np.zeros((seq_length, n_vocab))

for j in range(seq_length):
char = x_sequence[j]
index = char_to_index[char]
x_sequence_ohe[j][index] = 1.

X[i] = x_sequence_ohe
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y_sequence = raw_text[i * seq_length + 1 : (i + 1) * seq_length + 1]
y_sequence_ohe = np.zeros((seq_length, n_vocab))
for j in range(seq_length):
char = y_sequence[j]
index = char_to_index[char]
y_sequence_ohe[j1[index] = 1.
Y[i] = y_sequence_ohe

1ol Ll ddizy 5 sl 455 ShSay o3 o 5 iS5
X.shape
(31962, 100, 57)
Y.shape
(31962, 100, 57)
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from keras.models import Sequential

from keras.layers.core import Dense, Activation, Dropout
from keras.layers.recurrent import SimpleRNN

from keras.layers.wrappers import TimeDistributed

from keras import optimizers

from tensorflow import keras
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batch_size = 100

n_layer = 2
hidden_units = 800
n_epoch = 300
dropout = 0.3
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model = Sequential()
model.add(SimpleRNN(Chidden_units, activation='relu', input_shape=(None,
n_vocab), return_sequences=True))
model . add(Dropout(dropout))
for i in range(n_layer - 1):

model.add(SimpleRNNChidden_units, activation='relu',
return_sequences=True))

model . add(Dropout(dropout))
model.add(TimeDistributed(Dense(n_vocab)))
model.add(Activation('softmax'))
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optimizer = keras.optimizers.RMSprop(learning_rate=0.001, rho=0.9,
epsilon=1e-08, decay=0.0)

L3 500 sl o0 g5 <" categorical_crossentropy’ «olidall sdace L:Jj;:.’lnﬂ?' Llsl
model.compile(loss= "categorical_crossentropy", optimizer=optimizer)
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model . summary()

Layer (type) Output Shape Param #
simple_rnn_4 (SimpleRNN) (None, None, 800) 686400
dropout_4 (Dropout) (None, None, 800) 0
simple_rnn_5 (SimpleRNN) (None, None, 800) 1280800
dropout_5 (Dropout) (None, None, 800) 0
time_distributed_2 (TimeDis (None, None, 57) 45657
tributed)

activation_2 (Activation)  (None, None, 57) 0

Total params: 2,012,857
Trainable Barams 2, 012 857
Non-trainable params:
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from keras.callbacks import Callback, ModelCheckpoint, EarlyStopping

filepath="weights/weights_layer_%d_hidden_%d_epoch_{epoch:03d}_loss_{loss
:.4f} . hdf5"
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checkpoint = ModelCheckpoint(filepath, monitor='loss', verbose=1,
save_best_only=True, mode='min')
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early_stop = EarlyStopping(monitor="'loss', min_delta=0, patience=50,
verbose=1, mode='min"')
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def generate_text(model, gen_length, n_vocab, index_to_char):

Generating text using the RNN model

@param model: current RNN model

@param gen_length: number of characters we want to generate

@param n_vocab: number of unique characters

@param index_to_char: index to character mapping

@return:

# Start with a randomly picked character

index = np.random.randint(n_vocab)

y_char = [index_to_char[index]]

X = np.zeros((1, gen_length, n_vocab))

for i in range(gen_length):
X[0, i, index] = 1.
indices = np.argmax(model.predict(X[:, max(@, i - 99):i + 1, :1)[0], 1)
index = indices[-1]
y_char.append(index_to_char[index])

return ('').join(y_char)
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class ResultChecker(Callback):
def __init__(self, model, N, gen_length):
self.model = model
self.N = N
self.gen_length = gen_length

def on_epoch_end(self, epoch, logs={}):
if epoch % self.N == 0:

result = generate_text(self.model, self.gen_length, n_vocab,
index_to_char)

print('\nMy War and Peace:\n' + result)
el sy T 6 pale b Sl e sl 0T ny OV

model.fit(X, Y, batch_size=batch_size, verbose=1, epochs=n_epoch,
callbacks=[ResultChecker(model, 10, 200), checkpoint, early_stop])
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Epoch 1:

Epoch 1/300

8000/31962 [======>. .. .. ....c.uiiurenrn... ] - ETA: 51s - loss: 2.8891
31962/31962 [ 1 - 67s 2ms/step - loss: 2.1955

My War and Peace:

5 the count of the stord and the stord and the stord and the stord and the
stord and the stord and the stord and the stord and the stord and the stord
and the and the stord and the stord and the stord

Epoch 00001: loss improved from inf to 2.19552, saving model to
weights/weights_epoch_001_loss_2.19552.hdf5

Epoch 11:

Epoch 11/300

100/31962 [.oeve e 1 - ETA: 1:26 - loss: 1.2321
31962/31962 [ 1 - 66s 2ms/step - loss: 1.2493

My War and Peace:

?" said the countess was a strange the same time the countess was already
been and said that he was so strange to the countess was already been and
the same time the countess was already been and said

Epoch 00011: loss improved from 1.26144 to 1.24933, saving model to
weights/weights_epoch_011_loss_1.2493.hdf5

Epoch 51:

Epoch 51/300

31962/31962 [ 1 - 66s 2ms/step - loss: 1.1562
My War and Peace:

I'ICDP!E.agrave!! to see him and the same thing is the same thing to him and
the same thing the same thing is the same thing to him and the sam thing
the same thing is the same thing to him and the same thing the sam

Epoch 00051: loss did not improve from 1.14279

Epoch 101:

Epoch 101/300

31962/31962 [ ] - 67s 2ms/step - loss: 1.1736
My War and Peace:

= the same thing is to be a soldier in the same way to the soldiers and the
same thing is the same to me to see him and the same thing is the same to
me to see him and the same thing is the same to me

Epoch 00101: loss did not improve from 1.11891

120355501 oo Ss s d il iS5

Epoch 00203: loss did not improve from 1.10864
Epoch 00203: early stopping

11515 2401 I el 25 50nll W

which was a strange and serious expression of his face and shouting and said
that the countess was standing beside him. "what a battle is a strange and
serious and strange and so that the countess was
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fe = o(Wrhi—q + Upxy + by)

iy = O-(Wiht—l + Uixt + bl)

a; = tanh(W;hy_1 + Ucx; + by)
0 = o(Wohi—1 + Upxy + by)

e =fexcg Higxa

h; = o; * tanh (c;)

LSTM dplene 1-5 JS&
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or = o(Wohi—1 + Upxe + by)
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h; = o; * tanh (c;)
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=160

seq_length = 160
n_seq = int(n_chars / seq_length)

X
Y

= np.zeros((n_seq, seq_length, n_vocab))
= np.zeros((n_seq, seq_length, n_vocab))
for i in range(n_seq):
x_sequence = raw_text[i * seq_length : (i + 1) * seq_length]
x_sequence_ohe = np.zeros((seq_length, n_vocab))
for j in range(seq_length):
char = x_sequence[j]
index = char_to_index[char]
x_sequence_ohe[j]I[index] = 1.
X[i] = x_sequence_ohe
y_sequence = raw_text[i * seq_length + 1 : (i + 1) * seq_length + 1]
y_sequence_ohe = np.zeros((seq_length, n_vocab))
for j in range(seq_length):
char = y_sequence[j]
index = char_to_index[char]
y_sequence_ohe[j][index] = 1.
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Y[i] = y_sequence_ohe
Ll 800 e Ol () S (onidas B3 e ptiennd ¢ Grledl RINN 23 50y &5l
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from keras.layers.recurrent import LSTM
batch_size = 100

n_layer = 2
hidden_units = 800
n_epoch= 300

dropout = 0.4
PPV 1§¢iJ‘¢Lin Q<Y\rjli

model = Sequential()
model.add(LSTM(hidden_units, input_shape=(None, n_vocab),
return_sequences=True))
model . add(Dropout (dropout))
for i in range(n_layer - 1):
model.add(LSTM(Chidden_units, return_sequences=True))
model . add(Dropout(dropout))
model . add(TimeDistributed(Dense(n_vocab)))
model.add(Activation('softmax'))

:0.001 VJ.«J Jehaes (RMSprop pudswsd ¢ pmoeal] &l

optimizer = keras.optimizers.RMSprop(learning_rate=0.001, rho=0.9,
epsilon=1e-08, decay=0.0)

model.compile(loss= "categorical_crossentropy", optimizer=optimizer)
i Bl Lad GUILSTM 3505 a3l Uge

model . summary()

Layer (type) Output Shape Param #

1stm_1 (LSTM) (None, None, 800) 2745600

dropout_1 (Dropout) (None, None, 800) 0

1stm_2 (LSTM) (None, None, 800) 5123200

dropout_2 (Dropout) (None, None, 800) 0

time_distributed_1 (TimeDist (None, None, 57) 45657

activation_1 (Activation) (None, None, 57) @

Total params: 7,914,457
Trainable params: 7,914,457
Non-trainable params: @

G RN 5 50 SBlad dngl o o e gy castil) Jolas (Sl 8 JIg s
QUNPRCI ARV

model.fit(X, Y, batch_size=batch_size, verbose=1, epochs=n_epoch,
callbacks=[ResultChecker(model, 10, 200), checkpoint, early_stop])
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12515 2015
Epoch 151:
Epoch 151/300
19976/19976 [ ] - 250s 12ms/step - loss:
0.7300

My War and Peace:

ing to the countess. "i have nothing to do with him and i have nothing to
do with the general," said prince andrew.

"i am so sorry for the princess, i am so since he will not be able to say
anything. i saw him long ago. i am so sincerely that i am not to blame for
it. i am sure that something is so much talk about the emperor alexander's
personal attention."

"why do you say that?" and she recognized in his son's presence.

"well, and how is she?" asked pierre.

"the prince is very good to make

Epoch 00151: loss improved from ©.73175 to 0.73003, saving model to
weights/weights_epoch_151_loss_0.7300.hdf5

Epoch 201:

Epoch 201/300

19976/19976 [ 1 - 248s 12ms/step - loss:
0.6794

My War and Peace:

was all the same to him. he received a story proved that the count had not
yet seen the countess and the other and asked to be able to start a tender
man than the world. she was not a family affair and was at the same time as
in the same way. a few minutes later the count had been at home with his
smile and said:

"i am so glad! well, what does that mean? you will see that you are always
the same."

"you know i have not come to the conclusion that i should like to

send my private result. the prin

Epoch 00201: loss improved from 0.68000 to 0.67937, saving model to
weights/weights_epoch_151_loss_0.6793.hdf5

Epoch 251:

Epoch 251/300

19976/19976 [ 1 - 249s 12ms/step - loss:
0.6369

My War and Peace:

nd the countess was sitting in a single look on

her face.

"why should you be ashamed?"

"why do you say that?" said princess mary. "why didn't you say a word of
this?" said prince andrew with a smile.

"you would not like that for my sake, prince vasili's son, have you seen
the rest of the two?"

"well, i am suffering," replied the princess with a sigh. "well, what a
delightful norse?" he shouted.

the convoy and driving away the flames of the battalions of the first
day of the orthodox russian
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Epoch 00251: loss improved from 0.63715 to 0.63689, saving model to
weights/weights_epoch_251_loss_0.6368.hdf5
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from numpy import array

from keras.preprocessing.text import one_hot

from keras.preprocessing.sequence import pad_sequences
from keras.models import Sequential

from keras.layers.core import Activation, Dropout, Dense
from keras.layers import Flatten, LSTM

from keras.layers import GlobalMaxPooling1D

from keras.models import Model

from keras.layers.embeddings import Embedding

from sklearn.model_selection import train_test_split
from keras.preprocessing.text import Tokenizer

from keras.layers import Input

from keras.layers.merge import Concatenate

import pandas as pd

import numpy as np

import re

import matplotlib.pyplot as plt

FOUL) de pazme ooty o3 OV

toxic_comments = pd.read_csv("train.csv")
(LI e yame slagl JEII 35S0 5 n
print(toxic_comments.shape)

(159571, 8)

le.com/c/jigsaw-toxic-comment-classification-challenge/overview



https://www.kaggle.com/c/jigsaw-toxic-comment-classification-challenge/overview
https://www.kaggle.com/c/jigsaw-toxic-comment-classification-challenge/overview
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toxic_comments.head()

id comment_text toxic severe_toxic obscene threat insult identity_hate

Explanation\nWhy the

@ 0000997932d777bf edits made under my /] /] 0 0 0 0
usern. ..
D'aww! He matches this

1 000103f0d9cfb60f background colour I'm @ 0 0 0 0 0
S...
Hey man, I'm really not

2 000113f07ec002fd trying to edit war. /] /] 0 0 0 0
It...
"\nMore\nI can't make

3 0001b41b1c6bb37e any real suggestions on @ /] 0 0 0 0

You, sir, are my hero.

4 0001d958c54c6e35 Any chance you 0 0 0 0 0 0
remember. ..
Ak 1326 ded e L i IS5 o I o) il (I sl

FY

filter = toxic_comments["comment_text"] != ""
toxic_comments = toxic_comments[filter]
toxic_comments = toxic_comments.dropna()

Gkl wlede (65 o5 ER C‘L" Les Lduad Sladsd Je comment text 5 gondl (g sou

print(toxic_comments["comment_text"1[168])

You should be fired, you're a moronic wimp who is too lazy to do research.
It makes me sick that people like you exist in this world.

sl gy Al yodl S e 8085 Ak Les o JUI1 Y1 me Y

print("Toxic:" + str(toxic_comments["toxic"1[168]1))
print("Severe_toxic:" + str(toxic_comments["severe_toxic"][1681))
print("Obscene:" + str(toxic_comments["obscene"]1[168]))
print("Threat:" + str(toxic_comments["threat"][1681))
print("Insult:" + str(toxic_comments["insult"J[1681))
print("Identity_hate:" + str(toxic_comments["identity_hate"][1681))

Toxic:1
Severe_toxic: 0
Obscene:0
Threat:0
Insult:1
Identity_hate:0

eMe IS ikl sae s g Les oY)

toxic_comments_labels = toxic_comments[["toxic", "severe_toxic", "obscene",
"threat", "insult", "identity_hate"]]

fig_size = plt.rcParams["figure.figsize"]

fig_size[0] = 10

fig_size[1] = 8

plt.rcParams["figure.figsize"] = fig_size
toxic_comments_labels.sum(axis=0).plot.bar()
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L 2ol Emand] LI
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def preprocess_text(sen):
# Remove punctuations and numbers
sentence = re.sub('[*a-zA-Z]', ' ', sen)
# Single character removal
sentence = re.sub(r"\s+[a-zA-Z]\s+", ' ', sentence)
# Removing multiple spaces

sentence = re.sub(r'\s+', ' ', sentence)
return sentence

5 Gl Jlsl by 2ol Sl sealls SOl ds pozes sl p s BILI 3 sl
Sl peall sl bl X el Golidadl e 352 ¢ 54 comment_text 3 yon)
seiadl Qoo Beall 55 il eda pddes toxic_comments_labels 3l &35
s e JEIT 5 Sy

X =1[1
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sentences = list(toxic_comments["comment_text"])
for sen in sentences:
X.append(preprocess_text(sen))
y = toxic_comments_labels.values
L ol 21 Y1 oldle 0 cone-hot oo 5 1] Jl o ¥ coda SULII e gores b
S bl e LI 35kl Jonehot s Sl I Jadll L o3 0
)W\jgﬁ)ﬁ&bb&bw

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.20,
random_state=42)

el s ) Jas o |3 W e Slgae JI sMsde g J] zlow (U5
ol bl 3 e ¥ . (word embedding) LSOt paandl o 5ell (i Les
dogh oo A S o el s o U SV el SULIY g Granl!
ool Jeonll JI G S OIS ) B b pa SLISI e 0 acnllaeg
iglinadl CBLLLy Sleadl 1 G NN YN (2 e e Ol JS8 Goldsls
Al daellas J5Lax Y1 CIL e sl Doiall colgzenall sds ables lgaens ol s
L) Q2o 313 caaall Slgzenll odin (Ll pU,1 I LS o o) 2m Lol
Y] ol LIS s s o LdSTN o & yoedl s LIV dasl s 31 L e 5,31
oS oo Sy Geall el s S L dall A ddlas Sy opa el
s By Gogedad o (Y Bl Gl ok b e o peatl) LIS
Slgrnad) Lad ) ol elts) Y ol eda 3 oy U] Bt Il gl
S Slib Jro ol P o al) eda oo 2y il 13T 5 Slte S0
fasttext o Lol Olojyl s plisenl couddl P o o LI Ly bl (5,5
o Lde Jsmamdl 03 1 0135V plaseals Lnadl UL (10 5 1S s sazes Je GloVes
ol ) 5l oda
i Ol J| Ll S de J 0 Les oY)

tokenizer = Tokenizer(num_words=5000)

tokenizer. fit_on_texts(X_train)

X_train = tokenizer.texts_to_sequences(X_train)

X_test = tokenizer.texts_to_sequences(X_test)

vocab_size = len(tokenizer.word_index) + 1

maxlen = 200

X_train = pad_sequences(X_train, padding='post', maxlen=maxlen)
X_test = pad_sequences(X_test, padding='post', maxlen=maxlen)

350 ool a3 I Ll s J) el s o goed GloVie SledSl (onas ptsenin
s ) 0Bl

lwget http://nlp.stanford.edu/data/glove.6B.zip
lunzip glovex.zip

it b p s (GloVe plasey
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from numpy import array
from numpy import asarray
from numpy import zeros

embeddings_dictionary = dict()
glove_file = open('glove.6B.100d.txt', encoding="utf8")

for line in glove_file:
records = line.split()
word = records[0]
vector_dimensions = asarray(records[1:], dtype='float32')
embeddings_dictionary[word] = vector_dimensions
glove_file.close()

embedding_matrix = zeros((vocab_size, 100))
for word, index in tokenizer.word_index.items():
embedding_vector = embeddings_dictionary.get(word)
if embedding_vector is not None:
embedding_matrix[index] = embedding_vector

e diby  JBsl Aab e Lol ped (g o JUIN 5 SIL LS gl £ LG 08 oS
SOl 6Ll 0V ¢ ias L 6l )5 A3k s vas &ds- 128 gy LSTM 4k,

2

deep_inputs = Input(shape=(maxlen,))

embedding_layer = Embedding(vocab_size, 100, weights=[embedding_matrix],
trainable=False)(deep_inputs)

LSTM_Layer_1 = LSTM(128)(embedding_layer)

dense_layer_1 = Dense(6, activation='sigmoid')(LSTM_Layer_1)

model = Model(inputs=deep_inputs, outputs=dense_layer_1)

model.compile(loss="'binary_crossentropy', optimizer='adam', metrics=['acc'])
:C:JJyuﬂ‘ Lraiﬁlﬁ Czlaq beFJ

print(model.summary())
Model: "model"

Layer (type) Output Shape Param #
input_1 (InputLayer) [(None, 200)] 0
embedding (Embedding) (None, 200, 100) 14824300
1stm (LSTM) (None, 128) 117248
dense (Dense) (None, 6) 774

Total params: 14,942,322
Trainable params: 118,022
Non-trainable params: 14,824,300

3 58U ey S Lol dnanll AN A5 e S

from keras.utils.vis_utils import plot_model
plot_model(model, to_file='model_plot4a.png', show_shapes=True,
show_layer_names=True)
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input_1 input:

[(None, 200)] | [(None, 200)]

l

(None, 200) | (None, 200, 100)

l

(None, 200, 100) | (None, 128)

l

(None, 128) | (None, 6)

InputLayer | output:

embedding | input:

Embedding | output:

Istm input:
LSTM | output:

dense | input:

Dense | output:

6 L JolSOb dhaame 315 il o 0555 )W A2 D ol oMkl Sl e (55 O s
:Cs;«ﬂ! o,k Les OV iae LY

history = model.fit(X_train, y_train, batch_size=128, epochs=5, verbose=1,
validation_split=0.2)

Epoch 1/5

798/798 [ 1-2
0.0739 - val_acc: 0.9941

Epoch 2/5
798/798 [
0.0599 - val_acc: 0.9943

Epoch 3/5

798/798 [ 1-1
0.0573 - val_acc: 0.9935

Epoch 4/5

798/798 [ 1 - 13s 17ms/step - loss: 0.0548 - acc: 0.9939 - val_loss:
0.0566 - val_acc: 0.9943

Epoch 5/5

798/798 [ 1 - 14s 17ms/step - loss: 0.0523 - acc: 0.9940 - val_loss:
0.0542 - val_acc: 0.9942

1S

s 17ms/step - loss: 0.1193 - acc: 0.9684 - val_loss:

[}
'
w

s 17ms/step - loss: 0.0643 - acc: 0.9927 - val_loss:

w

s 17ms/step - loss: 0.0572 - acc: 0.9938 - val_loss:

DLVl e pore b 3 sedl oy Y1 o2

score = model.evaluate(X_test, y_test, verbose=1)

print("Test Score:", score[0])
print("Test Accuracy:", score[1])
998/998 [ ] - 6s 6ms/step - loss: 0.0529 - acc: 0.9938

Test Score: 0.05285229906439781
Test Accuracy: 0.9937959909439087

o bad D3 s ol gas JLesVl e sazes 3799 J) Joas 85 3 gl Gho A2
Sl 8 230l ST I3] L B med LIy il Slepered By sl o3
.overfitting

import matplotlib.pyplot as plt

plt.plot(history.history['acc'])
plt.plot(history.history['val_acc'])

plt.title('model accuracy')
plt.ylabel('accuracy')

plt.xlabel('epoch')

plt.legend(['train', 'test'], loc='upper left')
plt.show()
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model accuracy

0895 1 — train

test —_—
0990
0985

# 0980

0975

0970

00 [ 10 15 20 25 30 35 40
epoch

plt.plot(history.history['loss'])
plt.plot(history.history['val_loss'])

plt.title('model loss')

plt.ylabel('loss"')

plt.xlabel('epoch')

plt.legend(['train', 'test'], loc='upper left')
plt.show()

model loss

coverfitting J| g3l g35 o ¢ el saall B 055 LS
LSTM g0 dahlell A

i il Olaazzedl sl Coens| ‘ng\y\ﬂ!yww&)2;’,:,;\@)5%5@
ol podsins 15 o SULI) e Asls LS ] J) I3 (ool 55 sy ELaze p ol
e Jmaml] galisinal Sy Al Glased SULII ST e nadl UL A sl
Joo Bl ISl ooz VI ool sl s (6335 Aikbes asl 3o - g Sl shae
IS S a8 S S laS 18] I elI3 ) Log Sladadl 631 50 5 b skl lpeiedl
Sl Sl Jp 8 Slerss obliily olihs JK8 Jobldl oda . s
ekl I Slidadl lesssally Lladlly jobes¥ls ol ol
O (Sar s mW1 o e Gidee s i doge Lolana VI SISl o 0 godinel!




165 5 Sl usosll #ail : @l JI Jodl!

Sz s (3525 Dol Ly (6 s1ams Lo priten Jpom ddliiead) o) lgzr g5 oY1 oS
o B oS s sy il el pn ed Y1 all Gl S 0555 0
Jlme o seb JI oY1 mand JTplss ) drloadl sl LU oo 305 50 I B <Y
b3 s s eliadl J o5 . (Sentiment analysis) L e e i Cou
Al ol 5SS il salls oL, pelindl Citals gl eily o oo I bt
JS8 G Jolis 0o I3 ) Loy i1y Sladanadly LS ol il ol
alylve DS T o ol

Olrg Lea ol $ eliall Ciiard O gl Lageddenny oMU plakaeall §lang)
WU ) 3 Yl e B e 3T s Lol g AV s 5 ol el e Bl
ol b el Ales a2 5 0 Say A Sl Lall T LS 2l e ol il e
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o Laadl o) b sy sttty JYI Wl s s (S el Lol £
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ALY I el ety Gole dadsved) B 35l 8515 L Goonll el
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oLl o) 23 500 ey il ¢ elaadl oy 255 o ol O dn 0V
AMDB Sy & gores piinnss « Skl Uig) . LSTM 805 sdelonsy oY) ozl o Jlons
Keras SULy de yoro 1280 b Jadll ronzn gl B odin SULII o goren 0 oS

IS e L) e saree Jrasy o530 Y]

from keras.datasets import imdb

top_words = 5000
(X_train, y_train), (X_test, y_test) = imdb.load_data(num_words=top_words)

2 G B s B Ly copds (e sezes ] UL e pore Dol 5 SU1 ity
FOULI A pares o 5 15 A Les darl o JSU 2875000 fuabl froms 43

X_train
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array([1list([1, 14, 22, 16, 43, 530, 973, 1622, 1385, 65, 458, 4468, 66, 3941, 4, 173, 36, 256, 5,
25, 100, 43, 838, 112, 50, 670, 22665, 9, 35, 480, 284, 5, 150, 4, 172, 112, 167, 21631, 336, 385,
39, 4, 172, 4536, 1111, 17, 546, 38, 13, 447, 4, 192, 50, 16, 6, 147, 2025, 19, 14, 22, 4, 1920,
4613, 469, 4, 22, 71, 87, 12, 16, 43, 530, 38, 76, 15, 13, 1247, 4, 22, 17, 515, 17, 12, 16, 626,
18, 19193, 5, 62, 386, 12, 8, 316, 8, 106, 5, 4, 2223, 5244, 16, 480, 66, 3785, 33, 4, 130, 12,
16, 38, 619, 5, 25, 124, 51, 36, 135, 48, 25, 1415, 33, 6, 22, 12, 215, 28, 77, 52, 5, 14, 407,
16, 82, 10311, 8, 4, 107, 117, 5952, 15, 256, 4, 31050, 7, 3766, 5, 723, 36, 71, 43, 530, 476, 26,
400, 317, 46, 7, 4, 12118, 1029, 13, 104, 88, 4, 381, 15, 297, 98, 32, 2071, 56, 26, 141, 6, 194,
7486, 18, 4, 226, 22, 21, 134, 476, 26, 480, 5, 144, 30, 5535, 18, 51, 36, 28, 224, 92, 25, 104,
4, 226, 65, 16, 38, 1334, 88, 12, 16, 283, 5, 16, 4472, 113, 103, 32, 15, 16, 5345, 19, 178, 321)
list([1, 194, 1153, 194, 8255, 78, 228, 5, 6, 1463, 4369, 5012, 134, 26, 4, 715, 8, 118,

list([1, 1446, 7079, 69, 72, 3305, 13, 610, 930, 8, 12, 582, 23, 5, 16, 484, 685, 54, 349,
11, 4120, 2959, 45, 58, 1466, 13, 197, 12, 16, 43, 23, 21469, 5, 62, 30, 145, 402, 11, 4131, 51,
575, 32, 61, 369, 71, 66, 770, 12, 1054, 75, 100, 2198, 8, 4, 105, 37, 69, 147, 712, 75, 3543, 44,
257, 390, 5, 69, 263, 514, 105, 50, 286, 1814, 23, 4, 123, 13, 161, 40, 5, 421, 4, 116, 16, 897,
13, 40691, 40, 319, 5872, 112, 6700, 11, 4803, 121, 25, 70, 3468, 4, 719, 3798, 13, 18, 31, 62,
40, 8, 7200, 4, 29455, 7, 14, 123, 5, 942, 25, 8, 721, 12, 145, 5, 202, 12, 160, 580, 202, 12, 6,
52, 58, 11418, 92, 401, 728, 12, 39, 14, 251, 8, 15, 251, 5, 21213, 12, 38, 84, 80, 124, 12, 9,
23D,

list([1, 17, 6, 194, 337, 7, 4, 204, 22, 45, 254, 8, 106, 14, 123, 4, 12815, 270, 14437, 5,
16923, 12255, 732, 2098, 101, 405, 39, 14, 1034, 4, 1310, 9, 115, 50, 305, 12, 47, 4, 168, 5, 235,
7, 38, 111, 699, 102, 7, 4, 4039, 9245, 9, 24, 6, 78, 1099, 17, 2345, 16553, 21, 27, 9685, 6139,
5, 29043, 1603, 92, 1183, 4, 1310, 7, 4, 204, 42, 97, 90, 35, 221, 109, 29, 127, 27, 118, 8, 97,
12, 157, 21, 6789, 85010, 9, 6, 66, 78, 1099, 4, 631, 1191, 5, 2642, 272, 191, 1070, 6, 7585, 8,
2197, 70907, 10755, 544, 5, 383, 1271, 848, 1468, 12183, 497, 16876, 8, 1597, 8778, 19280, 21, 60,
27, 239, 9, 43, 8368, 209, 405, 10, 10, 12, 764, 40, 4, 248, 20, 12, 16, 5, 174, 1791, 72, 7, 51,
6, 1739, 22, 4, 204, 131, 911,

dtype=object)

S oz s gl a8 UL O LoD ¢ oMel SLLII J) o i 13)
e 1S5 sae s 4550 LS dovsenall SV a3 ¢ Ao lael &S
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W;ﬁowzwuw\,‘afwmw;ﬁw1@\;@\.\.‘:&@‘&!.5;“\
S Lo B mey Shandty Slarl ol Jo 8,10 W] 5 iSTIB] L p2el) 0 ¢ Bg e 8

ol ooVl e oS lslay ¢ LoVl

word_index = imdb.get_word_index() # get {word : index}

index_word = {v : k for k,v in word_index.items()} # get {index : word}
index = 1

print(" ".join([index_word[idx] for idx in x_train[index11))
print("positve" if y_train[index]==1 else "negetive")

the thought solid thought senator do making to is spot nomination assumed while he of
jack in where picked as getting on was did hands fact characters to always life
thrillers not as me can't in at are br of sure your way of little it strongly random
to view of love it so principles of guy it used producer of where it of here icon film
of outside to don't all unique some like of direction it if out her imagination below
keep of queen he diverse to makes this stretch stefan of solid it thought begins br
senator machinations budget worthwhile though ok brokedown awaiting for ever better
were lugia diverse for budget look kicked any to of making it out bosworth's follows
for effects show to show cast this family us scenes more it severe making senator to
levant's finds tv tend to of emerged these thing wants but fuher an beckinsale cult as
it is video do you david see scenery it in few those are of ship for with of wild to
one is very work dark they don't do dvd with those them

negetive

IS 500 sl ) dnr o JS s i L ¢ Pl o g0 Sl ol 35N (k5
SIS 3] a3 ] e 5o o sl ey B e J) o
s Lgind  4alS 500 (e bl Solal Lol
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word_index = imdb.get_word_index() # get {word : index}

index_word = {v : k for k,v in word_index.items()} # get {index : word}
index = 1
print(" ".join([index_word[idx] for idx in x_train[index11))

print("positve" if y_train[index]==1 else "negetive")

1ol o Sl Lo (5 55 Gl JSLy UL oo syl Lo ¢ ol ol
X_train[125]

array([L 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 1,11,

6, 58, 54, 4, 14537, 5, 6495, 4, 2351,
1630, 71, 13202, 23, 26, 20094, 40865, 34, 35,
9454, 1680, 8, 6681, 692, 39, 94, 205, 6177,
712, 121, 4, 18147, 7037, 406, 2657, 5, 2189,
61778, 26, 23906, 11420, 6, 708, 44, 4, 1110,
656, 4667, 206, 15, 230, 13781, 15, 7, 4,
4847, 36, 26, 54759, 238, 306, 2316, 190, 48,
25, 181, 8, 67, 6, 22, 44, 15, 353,
1659, 84675, 3048, 4, 9818, 305, 88, 11493, 9,
31, 7, 4, 91, 12789, 53410, 3106, 126, 93,
40, 670, 8759, 41931, 6, 6951, 4, 167, 47,
623, 23, 6, 875, 29, 186, 340, 4447, 7,
5, 44141, 27, 5485, 23, 220, 175, 2122, 10,
10, 27, 4847, 26, 6, 5261, 2631, 604, 7,
2118, 23310, 36011, 5350, 17, 48, 29, 71, 12129,
18, 1168, 38886, 33829, 1918, 31235, 3255, 9977, 31537,
9248, 40, 35, 1755, 362, 11, 4, 2370, 2222,
56, 7, 4, 23052, 2489, 39, 609, 82401, 48583,
6, 3440, 655, 707, 4198, 3801, 37, 4486, 33,
175, 2631, 114, 471, 17, 48, 36, 181, 8,
30, 1059, 4, 3408, 5963, 2396, 6, 117, 128,
21, 26, 131, 4218, 11, 20663, 3826, 14524, 10,
10, 12, 9, 614 8, 97, 6, 1393, 22,
44, 995, 84, 21800, 5801, 21, 14, 9, 6,
4953, 22, 44, 995, 84, 93, 34, 84, 37,
104, 507, 11076, 37, 26, 662, 180, 8, 4,
5075, 11, 882, 71, 31, 8, 39022, 36011, 31537,
5, 48583, 19, 1240, 31800, 1806, 11521, 5, 7863,
28281, 4, 959, 62, 165, 30, 8, 2988, 4,
2772, 1500, 7, 4, 22, 24, 2358, 12, 1o,
10, 22993, 238, 43, 28, 188, 245, 19, 27,
105, 5, 687, 48, 29, 562, 98, 615, 21,
27, 8500, 9, 38, 2797, 4, 548, 139, 62,
9343, 6, 14053, 707, 137, 4, 1205, 7, 4,
6556, 9, 53, 2797, 74, 4, 6556, 410, 5,
27, 5150, 8, 79, 27, 177, 8, 3126, 19,
33, 222, 49, 22895, 7, 14090, 406, 5424, 38,
4144, 15, 12, 9, 165, 2268, 8, 106, 318,
760, 215, 30, 93, 133, 7, 31537, 38, 55,
52, 11, 26149, 17310, 1080, 24192, 68007, 29, 9,
6248, 78, 133, 11, 6, 239, 15, 9, 38,
230, 120, 4, 350, 45, 145, 174, 10, 10,
22993, 47, 93, 49, 478, 108, 21, 25, 62,
115, 482, 12, 39, 14, 2342, 947, 6, 6950,
8, 27, 157, 62, 115, 181, 8, 67, 160,

7, 27, 108, 163, 14, 63, 62, 30, 6,
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87, 902, 2152, 3572, 5, 6, 619, 437, 7,
6, 4616, 221, 819, 31, 323, 46, 7, 747,
5, 198, 112, 55, 35911, dtype=int32)

055 aalal 0085 a5 o2« 4edS500 o 5T 01108 Jshall Jores 0 (5 ¢ oMl (55 LS
iz3pedlely b eud) 0¥ iSlag s oS 5 Lol UL dadlas Jas OF L) 20l e
from keras.models import Sequential
from keras.layers import Embedding
from keras.layers import LSTM, Dense
embedding_vector_length = 32
model = Sequential()
model . add(Embedding(top_words, embedding_vector_length,
input_length=max_review_length))
model.add(LSTM(100))
model.add(Dense(1, activation='sigmoid'))
model.compile(loss="binary_crossentropy',optimizer="'adam',

metrics=['accuracy'])
print(model.summary())

Model: "sequential_2"

Layer (type) Output Shape Param #
embedding (Embedding) (None, 500, 32) 160000
1stm (LSTM) (None, 100) 53200
dense (Dense) (None, 1) 101

Total params: 213,301
Trainable params: 213,301
Non-trainable params: @

fl’”iwuw ool oLl Jlead] 3 eSO ) 0l b s ¢ Gl b S LS
OeeszS Embedding d2b ola .embedding ik pd Jladl Mo @ s oyl
CSBLJ s gazes e ZelS

T T RS EURN FO PRI

model.fit(X_train, y_train, validation_data=(X_test, y_test), epochs=5,
batch_size=32)

Epoch 1/5

782/782 [ ] - 82s 103ms/step - loss: 0.4681 - accuracy:
0.7815 - val_loss: 0.3702 - val_accuracy: 0.8430

Epoch 2/5

782/782 [ 1 - 79s 10Tms/step - loss: 0.3340 - accuracy:
0.8618 - val_loss: 0.3984 - val_accuracy: 0.8299

Epoch 3/5

782/782 [ ] - 80s 102ms/step - loss: 0.2669 - accuracy:
0.8954 - val_loss: 0.3272 - val_accuracy: 0.8657

Epoch 4/5

782/782 [ ] - 80s 102ms/step - loss: ©.2259 - accuracy:
0.9117 - val_loss: 0.3122 - val_accuracy: 0.8713

Epoch 5/5

782/782 [ ] - 79s 101ms/step - loss: ©.1912 - accuracy:

0.9270 - val_loss: 0.3399 - val_accuracy: 0.8604
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scores = model.evaluate(X_test, y_test, verbose=0)
print("Accuracy: %.2f%%" % (scores[1]x100))

Accuracy: 86.04%

AL Sles ol as 786 s 15 85 Gudo e 5 gedl Sad A5 iy LS
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from tensorflow.keras.datasets import mnist
from tensorflow.keras.layers import Input, Dense, Reshape, Flatten, Dropout

from tensorflow.keras.layers import BatchNormalization, Activation, ZeroPadding2D

from tensorflow.keras.layers import LeakyRelLU
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from tensorflow.keras.layers import UpSampling2D, Conv2D
from tensorflow.keras.models import Sequential, Model
from tensorflow.keras.optimizers import Adam

from tensorflow.keras import initializers

import matplotlib.pyplot as plt

import sys

import numpy as np

import tqdm

:MNIST <ULy 3‘;}"‘"’“ QM)M&(’S

(X_train, _), (_, _) = mnist.load_data()
X_train = (X_train.astype(np.float32) - 127.5)/127.5
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X_train = X_train.reshape(60000, 784)
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randomDim = 10

generator = Sequential()
generator.add(Dense(256, input_dim=randomDim))
generator.add(LeakyRelLU(0.2))
generator.add(Dense(512))
generator.add(LeakyRelLU(0.2))
generator.add(Dense(1024))
generator.add(LeakyRelLU(0.2))
generator.add(Dense(784, activation='tanh'))
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discriminator = Sequential()
discriminator.add(Dense(1024, input_dim=784,
kernel_initializer=initializers.RandomNormal(stddev=0.02)))
discriminator.add(LeakyReLU(0.2))
discriminator.add(Dropout(0.3))
discriminator.add(Dense(512))
discriminator.add(LeakyRelLU(0.2))
discriminator.add(Dropout(0.3))
discriminator.add(Dense(256))
discriminator.add(LeakyReLU(0.2))
discriminator.add(Dropout(0.3))
discriminator.add(Dense(1, activation='sigmoid'))

Sad! 13l Ol o WS ¢ False Je

# Combined network

discriminator.trainable = False

ganInput = Input(shape=(randomDim,))

x = generator(ganInput)

ganOutput = discriminator(x)

gan = Model(inputs=ganInput, outputs=ganOutput)
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discriminator.compile(loss="'binary_crossentropy', optimizer=adam)
gan.compile(loss="'binary_crossentropy', optimizer=adam)
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dLosses = []
glosses = []
def train(epochs=1, batchSize=128):
batchCount = int(X_train.shape[@] / batchSize)
print ('Epochs:', epochs)
print ('Batch size:', batchSize)
print ('Batches per epoch:', batchCount)

for e in range(1, epochs+1):
print ('-'%x15, 'Epoch %d' % e, '-'%15)
for _ in range(batchCount):
# Get a random set of input noise and images
noise = np.random.normal(@, 1, size=[batchSize, randomDim])
imageBatch = X_train[np.random.randint(@, X_train.shape[0],
size=batchSize)]

# Generate fake MNIST images
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generatedImages = generator.predict(noise)
# print np.shape(imageBatch), np.shape(generatedImages)
X = np.concatenate([imageBatch, generatedImages])

# Labels for generated and real data
yDis = np.zeros(2*batchSize)

# One-sided label smoothing
yDis[:batchSize] = 0.9

# Train discriminator
discriminator.trainable = True
dloss = discriminator.train_on_batch(X, yDis)
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# Train generator

noise = np.random.normal(@, 1, size=[batchSize, randomDim])
yGen = np.ones(batchSize)

discriminator.trainable = False

gloss = gan.train_on_batch(noise, yGen)
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# Store loss of most recent batch from this epoch
dLosses.append(dloss)
glosses.append(gloss)

if e==1o0r e % 20 == 0:
saveGeneratedImages(e)
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# Plot the loss from each batch
def plotLoss(epoch):

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

plt.plot(dLosses, label='Discriminitive loss')
plt.plot(gLosses, label='Generative loss')
plt.xlabel('Epoch')

plt.ylabel('Loss"')

plt.legend()
plt.savefig('images/gan_loss_epoch_%d.png' % epoch)

# Create a wall of generated MNIST images
def saveGeneratedImages(epoch, examples=100, dim=(10, 10), figsize=(10,
10)):

noise = np.random.normal(@, 1, size=[examples, randomDim])
generatedImages = generator.predict(noise)
generatedImages = generatedImages.reshape(examples, 28, 28)

plt.figure(figsize=figsize)
for i in range(generatedImages.shape[0]):
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plt.subplot(dim[@], dim[1], i+1)
plt.imshow(generatedImages[i], interpolation='nearest',
cmap='gray_r')
plt.axis('off")
plt.tight_layout()
plt.savefig('images/gan_generated_image_epoch_%d.png' % epoch)
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from tensorflow.keras.datasets import mnist

from tensorflow.keras.layers import Input, Dense, Reshape, Flatten,
Dropout

from tensorflow.keras.layers import BatchNormalization, Activation,
ZeroPadding2D

from tensorflow.keras.layers import LeakyRelLU

from tensorflow.keras.layers import UpSampling2D, Conv2D

from tensorflow.keras.models import Sequential, Model

from tensorflow.keras.optimizers import Adam

from tensorflow.keras import initializers

import matplotlib.pyplot as plt

import sys

import numpy as np

import tqdm

randomDim = 10

# Load MNIST data

(X_train, _), (_, _) = mnist.load_data()

X_train = (X_train.astype(np.float32) - 127.5)/127.5
X_train = X_train.reshape(60000, 784)

generator = Sequential()

generator.add(Dense(256, input_dim=randomDim)) #,
kernel_initializer=initializers.RandomNormal(stddev=0.02)))
generator.add(LeakyRelLU(0.2))

generator.add(Dense(512))

generator.add(LeakyRelLU(0.2))

generator.add(Dense(1024))

generator.add(LeakyRelLU(0.2))

generator.add(Dense(784, activation='tanh'))

adam = Adam(learning_rate=0.0002, beta_1=0.5)

discriminator = Sequential()

discriminator.add(Dense(1024, input_dim=784,
kernel_initializer=initializers.RandomNormal(stddev=0.02)))
discriminator.add(LeakyRelLU(0.2))
discriminator.add(Dropout(0.3))
discriminator.add(Dense(512))
discriminator.add(LeakyRelLU(0.2))
discriminator.add(Dropout(@.3))
discriminator.add(Dense(256))
discriminator.add(LeakyRelLU(0.2))
discriminator.add(Dropout(0.3))

discriminator.add(Dense(1, activation='sigmoid'))
discriminator.compile(loss='binary_crossentropy', optimizer=adam)
# Combined network

discriminator.trainable = False

ganInput = Input(shape=(randomDim,))

x = generator(ganInput)
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ganOutput = discriminator(x)
gan = Model(inputs=ganInput, outputs=ganOutput)
gan.compile(loss='binary_crossentropy', optimizer=adam)
dLosses = []
glosses = [1]
# Plot the loss from each batch
def plotLoss(epoch):
plt.figure(figsize=(10, 8))
plt.plot(dLosses, label='Discriminitive loss')
plt.plot(gLosses, label='Generative loss')
plt.xlabel('Epoch')
plt.ylabel('Loss")
plt.legend()
plt.savefig('images/gan_loss_epoch_%d.png' % epoch)
# Create a wall of generated MNIST images
def saveGeneratedImages(epoch, examples=100, dim=(10, 10),
figsize=(10, 10)):
noise = np.random.normal(@, 1, size=[examples, randomDim])
generatedImages = generator.predict(noise)
generatedImages = generatedImages.reshape(examples, 28, 28)
plt.figure(figsize=figsize)
for i in range(generatedImages.shape[0]):
plt.subplot(dim[@], dim[1], i+1)
plt.imshow(generatedImages[i], interpolation='nearest',
cmap='gray_r')
plt.axis('off"')
plt.tight_layout()
plt.savefig('images/gan_generated_image_epoch_%d.png' % epoch)
def train(epochs=1, batchSize=128):
batchCount = int(X_train.shape[0] / batchSize)
print ('Epochs:', epochs)
print ('Batch size:', batchSize)
print ('Batches per epoch:', batchCount)

for e in range(1, epochs+1):
print ('-'%15, 'Epoch %d' % e, '-'x15)
for _ in range(batchCount):
# Get a random set of input noise and images
noise = np.random.normal(@, 1, size=[batchSize,
randomDim])
imageBatch = X_train[np.random.randint(0,
X_train.shape[0], size=batchSize)]

# Generate fake MNIST images

generatedImages = generator.predict(noise)

# print np.shape(imageBatch), np.shape(generatedImages)
X = np.concatenate([imageBatch, generatedImages])

# Labels for generated and real data
yDis = np.zeros(2*batchSize)

# One-sided label smoothing
yDis[:batchSize] = 0.9

# Train discriminator
discriminator.trainable = True
dloss = discriminator.train_on_batch(X, yDis)
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# Train generator

noise = np.random.normal(@, 1, size=[batchSize,
randomDim])

yGen = np.ones(batchSize)

discriminator.trainable = False

gloss = gan.train_on_batch(noise, yGen)

# Store loss of most recent batch from this epoch
dLosses. append(dloss)
glosses. append(gloss)

if e==1o0or e % 20 == 0:
saveGeneratedImages(e)

# Plot losses from every epoch
plotLoss(e)

train(200, 128)

Epochs: 200
Batch size: 128
Batches per epoch: 468

—— Discriminitive loss.
20 | Generative loss
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