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> pip install numpy

ip install numpy
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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 numpyas 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 1if x >0 else 0
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def fit(self, X, y, epochs=10):
X = np.c_[X, np.ones((X.shape[0]))]
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# loop over the desired numberof epochs
for epochin np.arange(0, epochs):
# loop over each individual data point
for (x, target) in zip(X, vy):
# take the dot product betweenthe 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[0]))]
return self.step(np.dot(X, self.W))
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# construct the OR dataset

X =np. array ([[0, 0], [0, 1], [1, O], [1, 1])
y =np. array ([[0], [1], [1], [1]])

# 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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# nowthat our perceptron is trained we can evaluate it
print("[INFO] testing perceptron...")
# nowthat our network is trained, loop over the data points
for (x, target) in zip(X, vy):

# makea 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 numpyas 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 1if x >0 else 0

def fit(self, X, y, epochs=10):

X = np.c_[X, np.ones((X.shape[0]))]
for epochin np.arange(0, epochs):
for (x, target) in zip(X, vy):

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.shape[0]))]
return  self.step(np.dot(X, self.W))

X =np. array ([[0, 01, [0, 1], [1, O, [1, 11I)
y =np. array ([[0], [1], [1], [1]])

# define our pe rceptron and train it
print("[INFQO] training perceptron...")

p = Perceptron (X.shape[1], alpha=0.1)
p.fit (X,y, epochs=20)

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

for (x, target) in zip(X, vy):
pred = p.predict(x)
print("[INFO] data={}, ground-truth={}, pred={}".format(
X, target[0], pred))
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[INFQ] training perceptron...
[INFO] testing perceptron...
[INFO] data=[0 0], ground -truth=0, pred=0
[INFO] data =[0 1], ground -truth=1, pred=1
[INFO] data=[1 0], ground -truth=1, pred=1
[INFO] data=[1 1], ground -truth=1, pred=1
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X =np.array ([0, 0], [0, 1], [1, O], [1, 1))

y = np.aray (0], [0], [0l [I)

# define our perceptron and train it

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

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

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

# nowthat our perceptron is trained we can evaluate it



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

#

nowthat our network is trained, loop over the data points

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

# makea prediction on the data point and display the result
# to our console
pred = p.predict(x)
print("[INFO] data={}, ground-truth={}, pred={}".format(
X, target[0], pred))
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[INFQ] training perceptron...
[INFO] testing perceptron...
[INFO] data=[0 0],  ground-truth=0, pred=0
[INFO] data=[0 1], ground -truth=0, pred=0
[INFO] data=[1 0], ground -truth=0, pred=0
[INFO] data=[1 1], ground -truth=1, pred=1
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= np.array([[0, 0], [0, 1], [1, O], [1, 1))
= nparray([0], [1], [1, [OI)
define our perceptron and train it
int("[INFO] training perceptron...")
= Perceptron(X.shape[l], alpha=0.1)
fit (X, y, epochs=20)
nowthat our perceptron is trained we can evaluate it
int("[INFO] testing perceptron...")
nowthat our network is trained, loop over the data points
r (x, target) in zip(X, vy):
# makea 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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[INFQ] training perceptron...
[INFO] testing perceptron...
[INFO] data=[0 0], ground -truth=0, pred=1
[INFO] data=[0 1], ground-truth=1, pred=1
[INFO] data=[1 0], 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=[0 0], ground -truth=0, pred=0
[INFO] data=[0 1], ground -truth=1, pred=0
[INFO] data=[1 0], ground  -truth=1, pred=0
[INFO] data=[1 1], 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 numpyas 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
1.0 — sigmoid
der_sigmoid
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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):
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return 1 - htan(x) * htan(x)
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import numpyas 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.li nspace(-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()
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htan Activation Function & Derivative
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def ReLl(k):

data = [max(0,value) for value in X]
return np.array(data, dtype=float)
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def der RelL(k):
data = [1 if value>0 else 0 for value in X]
return np.array(data, dtype=float)

gty ReLU dls s s JUl 558301 ool

import numpyas np
import matplotlib.pyplot as plt

# Rectified Linear Unit (ReLU)

def RelLlk):
data = [max(0,value) for value in Xx]
return np.array(data, dtype=float)

# Derivative for ReLU

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

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

dy data = der_RelLU(x_data)

# Graph

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

plt.grid()

plt.show()

RelU Activation Function & Derivative
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def softmax(x):
return np.exp(x) / np.sum(np.exp(x), axis=0)

:Softmax 41> s 53 JE 3,81 551



import numpyas 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'])

plt.grid()

plt.show()

Softmax Activation Function
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import numpyas np
import matplotlib.pyplot as plt

from matplotlib.ticker import MaxNLocator
from itertools  import product

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 - 2*x - 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(x0)
plt.plot(xs, ys, linestyle="' -- ', marker='0', color="#F12F79")
plt.plot(xs[ -1],ys[ -1], 'ko")
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x0= -4
plotFunc (x0)
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def GradientDescentSimple(func, fprime, x0, alpha, tol=1e -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 =0
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_it er:
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

e = 0.1:J5Y! g5t

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

Solution found:
y = -4.0000
x = 1.0000

Objective Function
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a = 0.9: 58 kel

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=1e-4)
plotPath (xs, ys, x0)

Gradient descent does not converge.

Objective Function

fix)

—5 4

a, = 0.1 @‘JJ‘J‘UL:“‘"‘“

xs,ys = GradientDescentSimple(func, fprime, X0, alpha=1.01, max_iter=8 )
plotPath (xs, ys, x0)

Gradient descent does not converge.
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from tensorflow.keras.optimizers import Adagrad
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model.compile(optimizer= adagrad, loss = ..., metrics= ... )
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from tensorflow.keras.optimizers import Adadelta

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

RMSprop

S dikesee Slsly; pdsens eSU5 cAdadelta dom do ) 425 1 Lol 5l oond
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Opsq = 0p — . —e——
t+1 t—a BV, + ¢
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from tensorflow.keras.optimizers import RMSprop
.r.r-ns_prop = RMSprofearning_rate=0.0001, epsilon=1e -6)

model.compile(optimizer= rms_prop loss = ..., metrics= ... )

Adam
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from tensorflow.keras.optimizers import Adam

adars Adarfieaming_rate=0.0001, beta_1=0.9, beta_2=0.999, epsilon=1e-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
I Aslaodly 43 grodls Aokl 21 Ballaadl docl) (33 o g0 DI 00 s

n
1 .
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:Keras JMAE 4> el S« JUl s ST Calanin el
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,y) = T_lz 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) = == > (108 + (1 = y)(1 ~ log(®))

i=1
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:Keras
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’)
g el B3 mall) dngll Luosls HLamVl e wlylussYl Benjio s Gloret >
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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 ()
.rﬁodel.add(Dropout(O.S))
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from keras.layers import BatchNormalization
from keras.models import Sequential

model = Sequential ()

.rﬁ.odel.add(BatchNormaIization 0)
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e ad] 3l 7 pandas’ dej (33 g pell 5 SO L 5,LY1 ol 15 o ek s
i 3 S s Gk e by ol CSV e 125 45 . pd &
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df

! https://www.kaggle.com/c/zillow-prize-1/data
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o 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 & 1 608 1
3 9550 7 9 796 1 0 3 7 1 642 0
4 14260 8 5 1145 2 1 4 9 1 836 1
1456 7917 6 9 953 2 1 3 7 1 460 1
1456 13175 6 6 1542 2 0 3 7 2 500 1
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1459 9937 3 6 1256 1 1 3 6 0 276 0
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Y = dataset[:, 10]
A5 o sl bl (X) J-aY1 Saslas J) Ly 2ol UL s sazes Y1 Land A2
i ga JBsYI Gatlas s OF (e ST o Bdlaadl GEIWI1 3 55l () and 5
A0 U1 oo Il Y1 83l B #5155 «BYIL £dy Y b oo S5l L
Los Sn By ol B2 sy Gl (n e 1 .2 51 1 51 0 5o 3150l 5us
scikit- ey plddeinl Gobldl (uld 3,k (o] s adasdl JSLLl Gan o
N jT ad>x . Learn
from sklearn import preprocessing
pdsd 23 dns sklearn de jo (3lmodl Lrdlnall 3 8 el T 0l 6Del s U1 J g
oAlas mez 050 Eoon SULI) degezms iy Ul min-max lde end s
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 s Lad < X_scale s iS55 of by 5 eS13) . X_scale & shuas Blol) il
I L3l s

X_scale
& PR
L*;L’;.H Cb}}“ S o naw‘ Jﬂ\ .,\...n...:" : Juu
array([[0.0334198 , 0.666666 67,05 .., 05 0.
0.3864508 ],
[0.03879502, 0.55555556, 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.

0.19464034]])
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) Ly Aol UL s o 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 3




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 swwval_and_test = ol scikit-Learn oDl 5 S Cakanie 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 _;e

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

.)L,:}Y\ i gazen e i gazen ¢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 iS55 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 (55 LS
o2l 10 e X ol il g g0 by dais 219 o jLesVls Gl 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 ) A1 (SO
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els-dall 22k 2iasadliibll 2 Lasallinbll b sl 2ib
(@ sae 10) T (Dsmase 32) (O gae 32) ©amae 1)

rolidall odas 5 o5, 8l

ReLU Lp2izll s po vas &0 32:1 Liseoll ikll

ReLU Lol dis I A3 32:2 Lasedl dake)l  om

SigMoid Lol Als oo s 13 110l Sall 2L 8
s Loe c(Sequential) Jfadaiiodl 5 adl pdduinin . 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@2, activation= 'relu’ , input_shape=( 10,)),
Dense2, activation='relu’
Dense(l, activation= 'sigmoid" ),

)
RSO LU | s dw\sﬂ\m;m MLM)L;JJQJLJJM\J.AL»LM
(S el e el 5 S Calatie s
model = Sequential([ ...])
(@b 5ls L) oty a5y 5 paidl it Blird pud (i 5 Ll 5o )1 s e
Y

Dense@2, activation='relu’ , input_shape=( 10,))
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UK s ReLU Jaicdl Dls 5 cimae 305 32 Lg JolSIL dlans 2ads Lo« J oYl dadall b
ezt 2ab J) 25" Dense’ S ol By Js| Lailas 10 L oY (10 Jm:m
Aty

Dense32, activation='relu’ ),
ReLU Lozl Doy dae 15 32 Ly JolSIL dhame il Lal oa o) L300 2.1
Tl e I3 el Keras J o Say oo JB3Y) S Cions Lo oy Y & oY
SV el

Dense(l, activation=  'sigmoid' ),

Lesd) Al g 3ol 5 A 1l g JolSL dlae 22.b a2V il ST ) dadall
Lo Lol CS}“:'H JSp doee 0 LSS 09 5 WS . Sigmoid

Ul e I3 L cdebaall sl slowl JI plow dislenddl s 0T d 0V
e Lo I e 3 50l 0 S5 ) b ¢ okl

ol oY Lgaltsunad o 5 I e ylysdl

Aosiend Wi s n

sl s o il 6 oy g 5 A (6 5V pliadl
»<dl e« model.compile dibs slednl J) mlos (Slalue Yl adgs 3 gadl 553
:Judl

model.compile(optimizer= 'sgd' ,
loss="binary_crossentropy’
metrics=[ 'accuracy' ])
:model.compile day e 53 oy AL SlslaeY) 25
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 RY VSR o G Bl =5 Rjees]
IERLURTTICS
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hist = model.fit(X_train, Y_train,

batch_size=32, epochs=100,

validation_data=(X_val, Y_val))
UL o ] b UL Geodlelaadl @535 A1 it Al pdsend (4 LAl
ie gormall 2 34> I3 Uay LY trainy X train s> Ay Leds opun I
-(epochy) Leo) 5 &5 A &nedl 5 24l Jsbs (batch_size  Joleall dauly) de 4l
o Jobdl BSS LoLa] e 3 el Sany s by Aol Ghoal by o (S
plsinn NSt s ey 35 p o o L3l U1l 0l p 45 .0 (6T 330 UL
oI el ) dals s Bl rizy o8 OV s gl e 1 B Lekie el s

Epoch 1/100

32/32 [: ] - 0s 5ms/step - loss: 0.6990 - accuracy: 0.3542 -
val_loss: 0.6974 val_accuracy: 0.3699

Epoch 2/100

32/32 [ ] - 0s2ms/step - loss: 0.6955 - accuracy: 0.4022 -
val_loss: 0.6943 - val_accuracy: 0.4110

Epoch 3/100

32/32 [: ] - 0s 2ms/step - loss: 0.6926 - accuracy: 0.4706 -

il
val_loss: 0.6915 val_accuracy: 0.4703
Epoch 4/100
32/32 [: ] - 0s 2ms/step - loss: 0.6899 - accuracy: 0.5499 -
val_loss: 0.6889 val_accuracy: 0.5616

Epoch 5/100

32/32 [: ] - 0s 2ms/step - loss: 0.6874 - accuracy: 0.6468 -
val_lo ss:0.6864 - val_accuracy: 0.6758

Epoch 6/100

32/32 [: ] - 0s 2ms/step - loss: 0.6849 - accuracy: 0.7133 -

1
val_loss: 0.6842 val_accuracy: 0.7123
Epoch 7/100
32/32 [: ] - 0s 2ms/step - loss: 0.6828 - accuracy: 0.7524 -
val_loss: 0.6821 val_accuracy: 0.7489

Epoch 8/100

32/32 [: ] - 0s 2ms/step - loss: 0.6807 - accuracy: 0.7564 -
val_loss: 0.6801 - val_accuracy: 0.7717

Epoch 9/100

32/32 [: ] - 0s 2ms/step - loss: 0.6787 - accuracy: 0.7779 -
val_loss: 0.6781 - val_accuracy: 0.8037

Epoch 10/100

32/32 [: ] - 0s 2ms/step - loss: 0.6767 - accuracy: 0.8072 -

]
val_loss: 0.6761 val_accuracy: 0.8128

Epoch 11/100

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

Epoch 12/100

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

accuracy: 0.8317 -

accuracy: 0.8239 -

Epoch 95/100

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

Epoch 96/100

accuracy: 0.8865 -

32/32[: ] - Os2ms/step - loss: 0.2920 - accuracy: 0.8816 -
val_loss: 0.3043 - val_accuracy: 0.8995

Epoch 97/100

32/32: ] - Os2ms/step - loss: 0.2911 - accuracy: 0.8855 -

il
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: ] - Os2ms/step - loss: 0.2896 - accuracy: 0.8806 -
val_loss: 0.3025 - val_accuracy: 0.8995

Epoch 100/100

32/32 [r========================  ===== ] - Os2ms/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 3L o g 1 21,31 0 S (003591 2 SISy UL o pamad S5l
S5 casl B ST (5 ey Ly ol notebook Jorins Led p sk 5 S
obsl 1 [0 1795 180 (o sl 55 sLesl 885 e Janss 0 o codlel e sl
717 [: ] - 0s 2ms/step - loss: 0.3281 - accuracy: 0.8584

0.8584474921226501

o Gym iSOV el OLeis Lams overfitting e ALl pL3VI GLSusS
e stz o 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
raaldSeisl 5 gl s S
import matplotlib.pyplot  as plt
e iz o RUIRE Ll .val_loss' staze¥ e sloss' oyl Uas- TS RS
23551 Cla.id\
plt.plot(hist.history[ 'loss' ])
plt.plot(hist.history[ ‘'val_loss' )
plt.title( ‘Model loss' )
plt.ylabel( 'Loss')
plt.xlabel( 'Epoch')

pltlegend(] 'Train' , 'Val' ], loc= ‘'upperright' )
plt.show()

ool s ooy o5 W o Il Dl odhel 0l Calanie e o JS7 ot
Model loss :lalaseodl 1ha Ol se I Jaudl susw .val loss' sbee¥l Uas yloss'
Sl g A e X5 Y sl e s b il ) Gl by
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
0.7 1 \\ —— Train
- Val
0.6 -
805
0.4
0.3 \
0 20 40 60 80 100
Epoch
i Sl 3,5 pliscnls dowall e (Aol 855 Copidl 85 o J s ¢ A1 Jos O LeSes

plt.plot(hist.history[ ‘accuracy' )
plt.plot(hist.history[ 'val_accuracy' ])

plt.title( 'Model accuracy' )

plt.ylabel( 'Accuracy' )

plt.xlabel( 'Epoch")

pltlegend(] ‘Train' , 'Val' ], loc= 'lowerright' )

plt.show()
A s 4y Sy sy e e O e
Model accuracy
0'9 1 __,M_V._M
/'.—/,\_M‘,'\J'VW
0.8 4
5. 0.7 4 '
§ 0.6 -
<
054 |
0.4 ‘I —— Train
/ Val
0 20 40 60 80 100

Epoch
D g Lo o ] 3155 g o2l 8 g (3l go3 e ol 1 bl 08
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 JSC0y oS Lnae B0 ) Lo dmanl) A i Jol
-model_2 &5 podl M pound gyl

model_2 = Sequential([
Dense(00Q activation= 'relu’
Dense(00Q activation='relu’
Dense(00Q activation='relu’
Dense(00Q activation='relu’
Dense(l, activation='sigmoid’

input_shape=( 10,)),

—

)

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 tw‘)xﬁgerg;\' B3 500 o clon
13 13 8T Ui (s o Y el SIS S lans Jadieiadl 5ot 1Y
3559 o ) JUI1 5 S plasealy hiist 2 J Uasdl olalases bomny s 35801 M riey
:(hist ;\L\.; hist 2 pASn Lol bl anis A

plt.plot(hist ~_2history[ 'loss' ])

plt.plot(hist _2history[ ‘'val loss' ])

plt.title( 'Model loss' )

plt.ylabel( 'Loss')

plt.xlabel( 'Epoch')
pltlegend(] 'Train' , 'Val' ], loc= ‘'upperright' )

plt.show()
i I gl e Sl s o Juase
Model loss
0.6 —— Train
Va
0.5
0.4 1
0.3
0.2 1
0.1 4
0 20 40 60 80 100

Epoch
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el sleze¥lellas) ST iyl elas Yl w5 . overfitting e doedls L0k ol
1 I3 4SO pltsaly B Lionny 13] o 555 Lyl ellas V1 e 35

plt.plot( hist _2history[ ‘accuracy' ])

plt.plot( hist _2history[ ‘'val_accuracy' ])
plt.title( ‘Model accuracy' )

plt.ylabel( 'Accuracy' )

plt.xlabel( 'Epoch")

pltlegend([ 'Train' , 'Val' ], loc= 'lowerright' )
plt.show()

s'val_accuracy' slezeVl &35 'accuracy’ vyl B o cpéj @).'e S ol La_,\ LeSas

Model accuracy

Accuracy

S
I
©

0.84 —— Train
Va

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 slaill Gdodl BLoY axbow (gl 5831 506 Les

from keras.layers import Dropout

IS gl e S b 505 3o o3

model_3 = Sequential([

Dense(L00Q activation='relu’ , input_shape=( 10,)),
Dropout(0.5),

Dense(L00Q activation=  'relu’ )
Dropout(0.5),

Dense(L00Q activation= 'relu’ )
Dropout(0.5),

)

)

Dense(L00Q activation='relu’
Dropout(0.5),
Dense(l, activation='sigmoid'

1

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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Dropout(0.5),
Les ooyl sL3T D3 0.5 G b L) dalud) didall Ghaasdl LYSN OF n 1s

model_3. compile (optimizer= 'adam’,
loss="binary_crossentropy'
metrics=[ 'accuracy' ])

hist_ 3 = model_3/fit(X_train, Y_train,
batch_size=32, epochs=100,
validation_data=(X_val, Y_val))

Bl Uasdl llalases g 5 Les Y

plt.plot(hist ~ _3.history[ ‘loss' ])

plt.plot(hist ~_3.history[ ‘'val loss' ])

plt.title( 'Model loss' )

plt.ylabel( ‘'Loss')

plt.xlabel( 'Epoch')

pltlegend(] ‘Train' , 'Val' ], loc= ‘'upperright' )
plt.show()

S pll e Sl sall AL G g

Model loss
1.2
—— Train
Val
1.0 1
0.81

w
Zo
0.4
0.2 v’\’V‘“*w\J\r-vﬂw~«-~A¢V‘/\JV\aA-v

0.0

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.plot( hist _3.history[ ‘accuracy' ])

plt.plot( hist _3history[ ‘val_accuracy' ])
plt.title( '‘Model accuracy' )

plt.ylabel( 'Accuracy' )

plt.xlabel( 'Epoch')

pltlegend([ 'Train® , 'Val' ], loc= ‘lowerright' )
plt.show()

I ol e ol eall gl G gy
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Model accuracy

0.90 1 '\/J,U\_r \/ﬂ/\/'d\/\ww
0.85 A
>
(=]
T 0.804
3
g
<
0.75 1
0.70 1 :
— Train
Va
0.65 +— . ‘ : ; ;
0 20 40 60 80 100

Epoch

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

B el LS Jos a8 S Lyl 3la) o LollaoYl Lonadd| IS 8
(S

ooty dudses iy 13 diby JUos b o Loblanst das 802 500
T

o oKz &My « Perceptron gl dmaall LS drdad o0 ¢ 5 Ll e gl =
ol o ey WA e oS 2de e (g oy

S il pde 3 Perceptron &S1Yl Lasll SIKAN S A2y ®
Lo ghaad oS0y Y A1 il s

o 1 3531 5 n e pame i 2l il Bl a0 gl @
| Bk granall ol o OIN! 55 Uisllas dpanll I5.201 o

N o} Loaall L Janis oy O3] Lo ol D 535



117 dya&ill dunlol dunosll Baidl : U Jadll

Jual

Sl oo o Qo oS00 51 Q] (ool s Szt 536 52 .10
DolouVI (2306 8 all i 11

$la ool DI 44 adl b eall o Lo .12

Sl sutaey S8l Gt JSL8 £ 3Y1 2l B dotsinnall Lot} s 2 e 113
fmanll SISl il Ldas b optimizer ¢puowell 4ab U1 500 Lo .14

- JoJ

wllabides pand g o3 . Iris Slily d8gares Chinad inddee iid Olb Luas KD ALY o3
ol 8T downall (e amedly oyl de gocreed Uasull 52301

L S plas S U5 e 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 JalSUl Gl dny el e UGl o8 UL
keras GLoledVl Lanll Ol plusenl Jos Jls doiz o5 Ladll LU

(CNN) éuslail duwnctl lAuidl

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 pbke 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 o C(.: o9 (Cox 350 x8L3)) 64 X 64 x 1 = 4096 -
500 L LI ikl of o 31 sie 4096 gy 5y pmall oda oo el 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 5,30 0585 Y U5 Ao il Lualel )l 201 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
L 2 kS (CNIND 3L Ll SISl (0 05 (Dol 0ds dorellns ol e
ialal Lmnandl OIS o 25 o L3IV Ll SIS il L)l IS T
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 ablieg | geall
Yoty SLEY pbens fnae SIS p DLV SIS Glasb gy Qg padicy
Lold o Y1 e sasls Bl (38 phaall O ope

Land) LD o VLI s Ly oy 1 2 ol g ALV L) B s s
5 )l 51 by sl 8 ol oLl dadlas T o 5l gtadl 5010 ] &dbeodl didall 42y
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By ol CNN Golidl sl Lolel dnaall SIS S e Lol 4 ,all
el gl Vs o sl

She U,C«JJG.J\ B ] L_S)L\,&\ dw Q‘wug;j\ wLe.J‘}H &M\J\ u\f.o V.A‘uﬁa.la-\j
e ool e 0555 CNIN I LIS Zol of n L (383 el olidal

ks Bl p sk« dikall ol b :(Features Extraction)e sl gl
Ao Bl 13) .(pooling) ezl s (convolution) SLedyl Jolse pe ks
Foo one Slis o Spall b o2 @l el a Mg 8 saall B b 550
Ol Arkll sda fage S slamsl daladll 555 05l 3 paSUly 5V
Ol JBs W L 33T Sl s 3 geal) S b gl Sl all e
Goe I S ldall s Loy « 01V Ol 55 O3l gl o Bl Ll e
T 2ST atlas wo llary patlas
8 5l \J.>W| 55> da crnaS oL dandl dadall fond Ls sl ®
Ao Pl 8y peall 25 1355 gh 1 ¢ Hime By Al 2SI Bl Badall a3
JS b &aladl Ly slame &5y o Son ALl o glasell 3 o Sl il

4-1
Dl el mamdl el e Silaalt
r St Ol
glres
"’::. e
Jandst Al
Lsuulm Dlagy Softmax
JinSh
Aoy
ipnall
| 1 |
itjrall zlySetl st 229
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from keras.layers import Conv2D
(S Gt f\be..wg eVl dab s Las) U e Sl
Conv2D (filters, kernel_size, strides, padding, activation="relu’,
input_shape)
I s 1 JUo] Sl g

S slass -filters =
(S pe) BLENIEIL 5,05 ¢Sl J] iy o35 :kernel_size =
Ll 3l dol g o i ind ¢ o8 (g 3o o 13] LIV & ghas- stridles =
same ! valid :padding =
relu ol dls plased o2 bisle :activation =
oy JUs) ehle Com b sadl Gl kS Sl Lol SLEY! dib plusenl Lo
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Jeadl s (3. Lgolid LSy 2 £l )l (Dataset) oLl oo yazes (o ] d 5

eSS 32325 ez 55 g0 18y gl 3l

cals ¢ gl 5 fals (@l ) Sledle 10 i(@laddl) leda) =
Ly B Ol pdis IS 1

10000 5 <pded ULy 50000 ) danio 85 50 60.000 : bl de yozes e
e bl

5 Kerasca s o .5y suall ULy de gazee 3|yl 5o 4 flfw e - - Jsl
;jupyter notebook e Jull 5,831 fxds 5 b

from keras.datasets import cifarlO
(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 |; 24 Ous/step
170508288/170498071 |; 29 Ous/step

5 (train, y_train ) ALl Sbsiadl dlerbos Al SUL 3 Ry e
oS a8 6 Lses (UL degammn o a5 ka0 3L Les (x_test, y_test
:L';,U JBoY [ailas B5ane
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
3,5 50000 =
;S 32 gl =
S 32 o5
(B3 Vs Vs N1 050 a5 10) JuSs 3 s
(ol Seadl) Ol B a0 5d5 2 S (6 5 Lges
print ('y_train shape:" ,y_train.shape)
y_train shape: (50000, 1)
L35 Jsboss Les 0V 55,50 50000 ¢y 8550 IS @Dl o o) Gy S 0 ony 1ia
o2l gl LDl s 3y g0 o s
print (x_train[ 0])

[[[[59 62 63,;11
43 46 4
50 48 43
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152 125 102
148 124 103

[[16 20 20]
0 0 0
18 8 0]

123 88 55

119 83 50
122 87 57]]

[[25 24 21]
16 7 0
49 27 §]

118 84 50

120 84 50
109 73 42]]

{158 132 108}
|

[[{208 170 99}1

201153 3

198 161 26

(216 184 140]

151 118 84

{123 92 72]]]

S)ycwy L‘}&)giu.«\.‘ L \i\;—SJ:uQ.,,:J L.é_vlﬁ 43.5.3#‘ °J‘€JEJJ¢J‘JSM‘LSﬂL%‘
:matplotlib &> plus<ts [0] x_train[ 0]

import matplotlib.pyplot as plt
img = plt.imshow(x_train[  0])

Bypall adad 3)50aS x_train] 0] Gied ol JuSIl o 5,00 dls » pltimshow
T ho pay oS 32 x 32 58 8y pall e 0N Gll3s B Haite oSlel B sl
1l Lol SULII A pars (85 poall 0da e a Lo (55 Uses oYl
print (‘The label is:' ,y_train[  Q])
The label is: [6]
Dol W i 8ol e Py Sl B s o5 o 6 el 0] 55
i JEl dl e
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img = plt.imshow(x_train[  1])

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

AL Ll e dadas 5y gaall odia 0T (55« oladl sl Pl

S I Al Lgdlae J] b by Lolidl UL e posen Linrly 0 s Y
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 2 (9 tiendl) &L 5T (1 1amd]) 35w 55 500!
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haib oth 5y o M Bla [ 1] 5 [0] oedhe pladenasl o LiSas o 1 Jolcs 25
0.6 &nmanl] 2 50 O 13] ¢ ooy Lz &l e Eanll AN 5L s LiSoys
Mo o ¥ 0 I3 a5l e w30 7160 ity ol Ll s LT somy g ¢
10 oo dols J ) all o5 0F Koy S ¢ Jliodl M oo lidall B oy oS5 3

LA ools

10 Jl gl ¢ S5 Jo oo Bakiseoll oall SLA (o &5 IS Lozt g G oy 5 s
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from keras.utils

 JE gl e Jadl g ool i 05505« (0Ne-hot) 553

o | w{_[ 000000000] |
[0 00000000]

[00 0000000]
[000 000000]
[0000 00000]
[00000 0000]
O° a
-

[000000 000]

[ D75
| awi] [0000000 00]
[00000000 O]

Cb 3| [000000000 ]

[ 1 | a%Y [0 00000000]
[ 2 | *A4 [00 0000000]
| 2 | €O [000 000000]
| 4 | 6v] [0000 00000]
| 5 | v©{ [00000 0000] |
[ 6 | U°d [000000 000]
| 7 | 0wi] [0000000 00] |
[ 8 | €bd [00000000 0]
Lo | Cb[ [000000000 ] |

155150 Keras pddwal ¢ L sl g pLAU

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) ,M\ Py

U35 y_train_one_hot J| s Lis y_train o3, oY Bsaadl sb W
) sing DL Slle o &Y JolaaS o sllas 10 45,31 .0n€_hOt jo 5 plenly

.3)):.-},«.“
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print (‘The one hot label is:' ,y_train_one_hot[ 1])
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)
‘%W‘L&Mﬂw)béﬁlﬁwu»u 1;Oww\ﬂ;¢ui§c&éjl&wl
o Loy I Bbly b (e ¢ 255 5 0 oy U iy 25 Ll sl 3 0Y
:255
X_train = x_train.astype( 'float32" )
X_test = x_test.astype( ‘'float32' )

X_train = x_train / 255
X_test = x_test/ 255

S oell (50 Sy ULy g5 sas ¢ floatB2" L gl fss sh 4 pst Lo lhee
e 5, sl Sy e 3 b b5 ciST1] 255 e Al JS e o8 &y il pSD

:W\W@}y&‘wﬁ)u\@wau}w%j
x_train[ 0]

array([[[0.23137255, 0.24313726, 0.24705882],
[0.168 62746, 0.18039216, 0.1764706 ],
[0.19607843, 0.1882353 , 0.16862746],

[0.61960787, 0.5176471 , 0.42352942],
[0.59607846, 0.49019608, 0.4
[0.5803922 , 0.4862745 , 0.40392157]],

[[0.0627451 , 0.07843138, 0.07843138],
0. ,0. 0. ,
[0.07058824, 0.03137255,0. ],

[0.48235294, 0.34509805, 0.21568628],
[0. 46666667, 0.3254902 , 0.19607843],
[0.47843137, 0.34117648, 0.22352941]],

[[0.09803922, 0.09411765, 0.08235294],
[0.0627451 , 0.02745098, 0. 1,
[0. 19215687 0.10588235, 0.03137255],

[0.4627451,0 32941177, 0.19607843)],
[0.47058824, 0.32941177, 0.19607843],
[0.42745098, 0.28627452, 0.16470589]],

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, 0.13333334, 0.07843138]],

[[0.7058824 , 0.54509807, 0.3764706 ],
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[0.6784314 , 0.48235294, 0.16470589],
[0.7294118 , 0.5647059 , 0.11764706],

[0.72156864, 0.5803922 , 0.36862746],
[0.38039216, 0.24313726, 0.13333334],
[0.3254902 , 0.20784314, 0.13333334]],
[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, 0.3 6078432, 0.28235295]]], 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@MQ;J\ CNN

Aol Bygeall 3 3 3 %
FYXYYXY , ) . kA f e
_’ % % % é (j::\{l
2 3 2 3

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

Conv Layer (32 Filter size 3x3)
Conv Layer (32 Filter size 3x3)

Max Pool Layer (Filter size 2x2)
Dropout Layer (Prob of dropout 0.25)
Conv Layer (64 Filter size 3x3)
Conv Layer (64 Filter size 3x3)

Max Pool Layer (Filter size 2x2)
Dropout Layer (Prob of dropout 0.25)
FC Layer (512 neurons)

Dropout Layer (Prob of dropout 0.5)
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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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

0 s 5 905 sL3L 585 o8

model = Sequential()
Sl pn ST eST130) V1 ARall 350 ST 5 F5W o3 gl a3l s Bl i
L o Bl 32 G s 185kl o g ¢ Bx3 26 o e SLEVI B2 2 (G
Les &3 2 .(CNN «lib o e oladey oLy Sl glda) relu” s klndly
UFYN I PNE AN PREE

model.add(Conv2Dg2, ( 3, 3), activation= 'relu’ , padding= 'same’,
input_shape=(32, 32, 3)))

B plasenly Ul Jodocadl b3 gos JI 22kl odn LS| 48 35801 s dlai Lo
ez (3e3) pB, 1 e I sl 33 sse ) et ¢ 32« JsY1 3,1 . model.add)
sdos o Ll LY same’ &l relu pas Bl sdow o8 il oy 5,0 )
B o) bsddos J] Bl Ldy 55l sl o stride=1 oY s ¢ 35l
505 Y I eilal YUl oo oo J) Ul oy (it ¢SS S8 i
Z AV e o Ja Yl e b LSy S ¢ Slisl ol ods e 2D o liball
H(JBs W o o ) oo V) ol s o 3,31 b &3 2l 55 d L) 2 el
model.add(Con2D(@2, ( 3, 3), activation= 'relu’ , padding='same'))
g P g R e Te o ISP RERFA SRS WIS PR
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 pdial) 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§4, ( 3, 3), activation= 'relu’ , padding= 'same"))

model.add(Conv2D§4, ( 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 ek BLa] 5 b (o Gy o585y sy

model.add(Flatten())

relu Ll dlss dnas L5 512 g JoSIL daams {2k 2Las] J] dabow o0 < 0V
model.add(Dense(12, activation= ‘relu’ )
105 Jlomly 3T Gl pe Gl i o3
model.add(Dropout(0.5))
ssoftmax Jawiizl Do s dwas L 10 L JlSIL dlame dab oLl Lad o [
model.add(Dense(L0, activation= 'softmax’ ))
35U Jerizy p s ¢ AalSl B planedd asele B33 ¢ OV Ly sloma sy (o OV elgm VI 05
Py

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: 0

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 V) &b Lgedseins 2l Uasdl Do s
L3 pad B3 w5 ¢ T adamys e bl 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)

S Boest Y a3 g 8553 20 5 32 pn labs ploenl b god by 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 LI sas cyo 720 pltiiia o2y ¢ Dol 0 b i o il e yamaS

ol Ty 3 502l O (6 awy BB kg o3 . 305 5 gazeaS Ly

Epoch 1/20

1250/1250 [; 47s 14ms/step - loss: 1.4824
val_accuracy: 0.5885

Epoch 2/20

1250/1250 [ 47s 14ms/step - loss: 1.1323
val_accuracy: 0.6276

Epoch 3/20

1250/1250 [ 47s 13ms/step - loss: 0.9810 - accuracy: 0.6534 - val_loss: 0.949 4 -
val_accuracy: 0.6725

Epoch 4/20

1250/1250 [; 47s 14ms/step - loss: 0.8859
val_accuracy: 0.6828

Epoch 5/20

1250/1250 [ 48s 15ms/step - loss: 0.8015
val_accuracy: 0.6802

Epoch 6/20

1250/1250 [ 48s 14ms/step - loss: 0.7203
val_accuracy: 0.6874

Epoch 7/20

1250/1250 [; § - 17s 14ms/step - loss: 0.6486 - accuracy: 0.7709 - val_loss: 0.8811 -
val_accuracy: 0.7066

Epoch 8/20

1250/1250 [; 47s 14ms/step - loss: 0.5960 - accuracy: 0.7902 - val_loss: 0.9053 -
val_accuracy: 0.7055

Epoch 9/20

1250/1250 [ 17s 13ms/step - loss: 0.5312
val_accuracy: 0.6982

Epoch 10/20

1250/1250 [; 48s 14ms/step - loss: 0.4887
val_accuracy: 0.7077

Epoch 11/20

1250/1250 [ 48s 14ms/step - loss: 0.4483
val_accuracy: 0.7083

Epoch 12/20

1250/1250 [; 47s 13ms/step - loss: 0.4195 - accuracy: 0.8514 - val_loss: 1.0072 -
val_accuracy: 0.7062

Epoch 13/20

1250/1250 [; 48s 14ms/step - loss: 0.3889
val_accuracy: 0.7089

Epoch 14/20

1250/1250 [; ]- 18s 14ms/step - loss: 0.3591
val_accuracy: 0.7042

Epoch 15/20

1250/1250 [; 47s 13ms/step - loss: 0.3372
val_accuracy: 0.7133

Epoch 16/20

1250/1250 [; 8s 14ms/step - loss: 0.3242 - accuracy: 0.8868 - val_loss: 1.0927 -
val_accuracy: 0.7041

Epoch 17/20

1250/1250 [; 23s 18ms/step - loss: 0.3053
val_accuracy: 0.7046

Epoch 18/20

1250/1250 [; 48s 14ms/step - loss: 0.2917
val_accuracy: 0.7061

Epoch 19/20

1250/1250 [; 47s 14ms/step - loss: 0.2825
val_accuracy: 0.7165

Epoch 20/20

accuracy: 0.4623

val_loss: 1.1698 -

accuracy: 0.6000

val_loss: 1.0689 -

accuracy: 0.6900

val_loss: 0.9151 -

accuracy: 0.7171 val_loss: 0.9117 -

accuracy: 0.7469

val_loss: 0.8959 -

accuracy: 0.8129

val_loss: 0.9100 -

accuracy: 0.8262 val_loss: 0.9183 -

accuracy: 0.8415

val_loss: 0.9454 -

accuracy: 0.8625

val_loss: 0.9655 -

accuracy: 0.8764 val_loss: 1.0041 -

accuracy: 0.8814 val_loss: 1.0220 -

accuracy: 0.8925 - val_loss: 1.0579 -

accuracy: 0.8990

val_loss: 1.0833 -

accuracy: 0.9014 - val_loss: 1.0957 -
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1250/1250 [;

val_accuracy: 0.7131

47s 14ms/step - loss: 0.2700 - accuracy: 0.9064 - val_loss: 1.0855 -

AW | LSt oy 3 oyl (U1 ¢ o 5800 ik s Lol gyl m oW g

sl il Bl Beall o Gl s i) et e 5

plt.plot(hist.history[ loss' 1)
plt.plot(hist.history[ ‘'val_loss' )
plt.title( '‘Model loss' )
plt.ylabel( ' Loss")
plt.xlabel( 'Epoch')
plt.legend(] ‘Train' 'Val' ], loc= ‘upper right' )
plt.show()
Model loss
—— Train
1.4 4 val
1.2 4
1.0
3081
0.6 A
0.4 1
ofo 2C5 SjU ?jS ld.O 12I.5 15:.0 1'.0:.5
Epoch
plt.plot(hist.history[ 'loss' ])
plt.plot(hist.history[ ‘'val_loss' )
plt.title( ‘Model loss' )
plt.ylabel( ‘'Loss')
plt.xlabel( 'Epoch')
plt.legend(] 'Train' 'Val' ], loc= ‘upper right' )
plt.show()
Model accuracy
0.9
0.8
z
g£o07
g
0.6
0.5 1 —— Train
Va

0.0

2.5 5.0 7.5 10.0 12.5 15.0 17.5
Epoch
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ol & s 8558l ol Al sall eda b Loverfitting g3 sl Of ¢ i LS
SeSay O] Lo & mal Loydedl lysall sie S Sl dlemall o3 Jre S alaedl
el S ¢ o ol 235001 50 Lo I a5 03 e il VAl B3 e J puasl

:)‘,;}Y\Rpwgfé

model.evaluate(x_test, y_test_one_hot)] 1]

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

Sl sl e sl IS8 Jamy 48 ¢ QU5 o 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 vy Cile 3 550l (350 o2y (@B Oalaoll G35 s po 515V
izl ladad] e el g bard gad Jaiss . (h5 slaeYl

model.save('my_cifar10_model.h5" )

el B il 3 5l 55 g 5 oS 13] 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
235l s asle] ) ol

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 .NOtEDOOK

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 oo oS oo ol il 5y gl e i a4 el Lide oy ¢ 5 ]
Les o bl ol i D15 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))

i QB el e Lgaze 5035 o5 NS 50 &) LSy

img = plt.imshow(my_image_resized)

30 0ot Jaddly Ll 5 ooy 3 e (g0 om0 3 (G185l o 0 1Y
bl 8 pma) Gl L Lad 2l Bl ol o glas s ] b Y S 1
L3 god 3l snns iS5 >« model.predict 81 el « 91 Ly 2ol ol

J\J:.SSJ},.@L'S&;!J.;;;’))J@J|

import numpyas 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, 1.5095539e- 01, 3.8518414e-01,
3.3354717e 03, 3.2324010e- 01, 5.1648129e- 02, 5.7933435e- 02,
9.2716294e 04, 2.4454062e- 05]], dtyp e=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,:D)

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

print(" Second most likely class: ", number_to_classfindex][ 8]], * -- Probability:",
probabilities|  0,index[ &]])

print(" Third most likely class: ", number_to_class[index[ 7]], * -- Probabilit y:",
probabilities]  0,index[ 7]])

print(" Fourth most likely class: ", number_to_class[index[ €], * -- Probability:",
probabilities|  0,index[ 6]])

print(" Fifth most likely class: ", number_to_class[index[ 5]], * -- Probability:",
probabilities[  0,index[ 5]])

Most likely class: cat -- Probability: 0.31140402

Second most likely class: horse -- Probability: 0.296455
Third most likely class: dog -- Probability: 0.1401798

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 Lo gores $ hais CNN SIS Sl Lol

Skl e 5 ods UL aawéficsu;

Juollanlla

Bly b § B phall Daolae o Yty CLEIVY LILY! anll ASLA pies =
Lolab oo Y o

el dag 3 ) ) SO Ges IS (o ol all oS (g5 @

oatbas sl o &Y ol plseal b eul Gal GLIY 23b ) oLey =
Al oda 33 gl

Juaal

S LYY Kl Zalall L lamadl o
PRSI SIS B 3wl ol 4 L
SO Tk e Lo

S phaad 5155 Lo

TG A b il B 35 4 o

R O R
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ao260Jl

G e Sl e DLl eadl) Bl a1 sl LA B Ak
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 JsY s dndlae e 5,030l Jaas L (sequences) il
oo @ ey SN s G pulls ZaU1 Bl i plge (BplisesU AL RNIN
!Turing-Complete L&l <3 Y Ui 1 e RNNS Goas Sy oy ol L)
ol (3l 5 graST dans Y ol (6T 81 bows oSy ol AWl o T ms L
A el ) 5 VT oy 33500 Google DeepMind 31 «Jtadl Jow o
DA Jo oy Syl Jrts LS el 0 S

6 )4iolldncll ALl a Lo

dadal o dodall Wl S5 1 LtV i Sl iy s s (oLl ool b
e o o aadl uf;ﬁvju\ D)5 Y B 3 way adizall iy gl :we;u
ol sl Ll e o o 28T ISy e U 155 Gl @ gaall el cJad]
(S o 83 s By ey Ok IV e sinall Y5 LGN e s
Aol Sl gaadl ogs o 5,56 YV 085 of 3 Ll el el

Wa3Las] o3 ) el o B3l g 55 dadad S 00555 ooy UL i 5 o Lais
S (e £ 2 8,0l Lmandl OIS OOl s L] DLy s Ll
31y Bsladl Ll e ddizall UL BBLGYT LS dannaall Lslblao V] doanl|
5 L b ﬁ,&\ Blamls Lol Dl by 8 gladl ldSUly & 50! 2SI
Ll a5 ol LI o ot LS e Wil g2 nanl] SISl 0dn 515 0 8 S
o 0k ST 8 e gy ol o o Lo s 5SS L LB e 0] S Se
Iy bl

hoe oo slgi Wl dny ol 2 5 3 BB J gl b Linalys o3 I 3Ll 8 25
Hia of el gl pn dah JUs Y e e Sl ieadl anass 013591 30] o2 ¢ ool
b gamall e o 1 la g lnd) o bl Sln (S5 ¢ Cinaodl oy 1 e S L]
Lk of 2 ) 3 eSS Il a dza3ll ALl JUs) o5 ol sioms slel 1o

! Alex Graves and Greg Wayne and Ivo Danihelka (2014). "Neural Turing Machines".
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ks MLP 5 x(8) 3 85 m0 Do 3T ol Wl 130 Lol g g1 850 B3 3 5
o pgedl b sl Jre Eiell G lall Bl LSl S ax(E 4 1) 5 3ol
Uasell Jas o 3ol 5 S Ol il oy e 136 SMosi V1 0 g S5 Jf Lo ]
o AUl odn o s 1 & gimall i Jall L ASH Y s ¢ sl Cislgedl B ST
;}iﬂw\@rW\ e ,elas Lt s S5 5 4 &g@&l@\ LU z.g.x?ar;;.xfba
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1 e—
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n
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t oMade OF Jo pad L Judes 5l A Bglas £ Jd G ¢ oty Ml pe 3 Lol
e = Fx) St JS B I b LS Sy andl lpdn e Al dilsal|

8 LS LI Dl J) Al Dl e glas dnd ) Ll dal> Ja5 « RNNs b
:.aUATc.é)A‘}A LS. M‘dcﬂ&)\)‘wy\&;@a}ﬁ

?T99? 9
@ = ()

e oot e ezl o chy = fheog, %) St S S RNNESLS b 41 Say
e ¢ Jby AL Slblasdl w56 e hy b deim s ¢ Judatd] jole o e IS
(L O5a) Al oAl e Jais Aol et S ¢ ki) oISl WS
Gy by kol ASGay g 38 LIN AL) ) BLAYL Jl JB-3U Al (» he L
AW &Mﬂ Mo pand asels

s wla 03 Lo ST Lo sl ¢ 35k ol ¢ ol dlaldl 5 sk
Aldeiidl UL a1 Jdadl 3 RNIN ] oS o oo o5 ¢ 0V

el Gle jyAie JAsiy aladl guéi Guni lail 13a go laouwl (e RNNS Jnaji
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Bl oda JN 0 ALl Sbleodl o e Dl IS dezas « RNN B 2] LY

o g5 h o= oY c 3l 5,005 815 L RNNs of dagedl VYl e 51 S

Sloglaadl 330 RNNs I 8es ¢ & il Lol e 2Ll ol glasdl ) iz <olo yhas
WSl shs el ) B g S ol Auslaadl b ST U3 B gty Ll

RNN U jloco glgdl
Gt o ¢l el 15 oMl dles e ez ¥ RNNs oY (Gl
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ALY Lol Sl died) A lel dnaadl L) Je dldie
)M‘M}AM\OJAJPJ&A
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. . . ¢w|p|yc@u§:>m.~.w-

Sy o ddall (ol o2 il oda

I I T Slﬁj:\.f.&:’wg‘)\.l}j sde Jl RINN db—bl
o g [
_ e Jo¥l dab s AV e )

? [ [ [@-]GJJSJ BRI st oldS % JJ;-T
O O O RSV RO PPICTNN] o >b

il dxJlee Jlns (d(language models) 452 GSL«'S CLM: Ja RNNs f.»h..:
ddeid G fww 8te &) e fondl ¢~ .(natural language processing) Lol
P o e Jlrmed nadl Slbecl) el RNIN 2503 pbind o it 45
L o RNN ) izl Gl gl e - Jlrmadl 3 sinns Glad o g o
O Jre oY Sl gl eS8 STy i ola Jre DUl IS I e
o o Gy 3,500l OIS gl o ol s S5 53 3] 1 g
Cll" il pdend el s G oY1 panll gLt el 35 Vpke (oS 055 O
LS o (gl plbul Sy (WS ny JaS (g5 i s N i3l 3L
Gsly has (www.gutenberg.org) TS o dny )l M8 dl2dall
LBlres w51, SLS 57000 (e dyp b debb as & (U
ihayl 1 (e 8,30 warpeace input.txt ils Jroos Clle Yl
https://cs.stanford.edu/people/karpathy/char-rnn/warpeace_input.txt
o farte o s LSy (g A Al s
https://www.gutenberg.org/ebooks/2600
ST L el s G 3 03 il o] ] oy Sl oo
10 100 sl Aol ade a8 A5 3 2ano
training_file = ‘warpeace_input.txt'
raw_text = open(training_file, ' ).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 irlbow 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 plnals O o e J sl iy (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

[ \nymm ey, SRR L 0 8
1, '2', ‘3' '4' '5' '6' 7', '8' '9‘ Lo ‘?‘,

‘a', 'b', 'c', 'd, e, ', ‘, h, T KT, MY
n','o,'p', 'q,'r, s, 't U VW, X Y '

‘a', &, ‘é', ‘e, \ufeff]

bl 25 5al 35U odeed sdxs &yl (:;?RNN C"f“"j audss L.&«.j u:_;uﬂj
sl gl Ol By 3 el 055 LSy (Ll oy w3y dobdbadl s
JBs W s o dols B 5 s (JB Yl olbne (g 5kes 23N Ubne b
sL23] oY1 Lesay learning &3 5 e Jododl Jsb oty a3 LT 6 2 Lo B i)
o B Gel Yl s s 5 LSy BAMNT Sl 5ee s leAM OMs 1o &g 5 L

e gl

\-h

Ea-Nn
learn :JEoY Judud
earni : gAY Judud

9
]
yalnulen
O © ©

Sy S LSy cLgheSTh g poil) gral ol & poead dnilly ()5 oy 2l L3 )
Sl e Jedes 5100 Jtadl Jro e oJshll Esloze ol J] pldl 2l
sl eda S5 lall ity pLI el ULy oy 0 03 iy S Jle ga J-SYI
Al o o E 58 ke J pranel) (0350 ol IS Sl T
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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

AWl isldl JI ol il

I3V ks o3 o2 cdirad I UL (6 g A5 Y L) 30201 C’L“}y s
57 e Gab 8 o Ll p 52 .0NE-NOt e 5 Solganie Aal o B >N 25V
156 J1 0 o ol b5all G

index_to_char = dict ((iic) for i,c in enumerate(chars))
char_to_index = dict ((c,i) for i,c in enumerate(chars))
print (char_to_index)

4o meazry 30 el 31 ety 57 sk axs Jl e G ol Lo o2 (Bl Joo e
Gl s g OF 3 ooy (Golodl ol i 0223 5 CaS eyl 42) 0 Y
: I gl e oyl UL e e sLiS) LiSlay (Galr G Y1 e

import numpyas np

seqg_length= 100
n_seq = int (n_chars / seq_length)

o oot 2l dy nseq dus Ll 0850w 100 e Jodeddl Jgb s IV
g,:v)JCJ\ Ql}fw} M-

X = np.zeros((n_seq, seq_length, n_vocab))
Y = np.zeros((n_seq, seq_length, n_vocab))

e LS el b o oY
(rendt sl ¢ Jododl Iy ciall 3)

0585 U3 dny RININ 3 503 ko) Kleras plienad 320 1Y o gllan 23 50l Uia J2s
in_seq e JS Ll

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 jin range(seq_length):
char = x_sequence[j]
index = char_to_index|[char]
Xx_sequence_ohe[j]lindex] = 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[j][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)
Jool RINN 23505 o1 01 3 01 9l g o pobid] Ly o gazes slel Lad Y1 2
15,2l Sl gl wa Yl

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

WDl s 5 pand] LI 355 cinbal) e U3 (e (B SMalnodl 2o O
(sl s 5 o S gall Gl Jlozl s

batch_size = 100
n_layer =2
hidden_units = 800
n_epoch = 300
dropout = 0.3

2c\m "\9\..3;.’;\;(}5;(,3

model = Sequential()
model.add(SimpleRNN(hidden_units, activation="relu’, input_shape=(None,
n_vocab), return_sequences=True))
model.add(Dropout(dropout))
foriin range(n_layer - 1)

model.add(SimpleRNN(hidden_units, activation="relu’,
return_sequences=True))

model.add(Dropout(dropout))
model.add(TimeDistributed(Dense(n_vocab)))
model.add(Activation('softmax’))

bl (Ul 23 pocdl 0Ly eV Bl s oy 1o L3 Smy Sl
saxieS &5 ¢ ks sl wlib U 2 return_sequences=True*
Aoty dxie peay 23 O 055 Of )T LS Tson I3 s el
U s Y el S
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2l 0B ¢ Joked 5 85k 83500l Slid 1,5 0V (s i TimeDistributed =
e > e ¥y abls dlaw b a
s 3 sl=d TimeDistributed

:0.001 (as Jdnay RMSprop L 2 ¢ maeal] 4l

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

L3 500 sl o0 g3 <" categorical_crossentropy " <oladall ssdace Loy ) Ua> Lok
model.compile(loss= "categorical_crossentropy" , optimizer=optimizer)

35l pasle o 8,05 el)] Lisay ( JUI 5 501 pltsenal

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 params: 2,012,857
Non trainable params: 0

Sl slaadl cpe s shall Coyaedl idas sy b S05 .ot folas o 2 00 28T L
g5l AL Dty olslaYI o) callback ¢l pw¥l Sldes [ans slie] 324l
s L callback Jiss Jois ooyl L]

O g 8y S A 350l 0335 Al ¢ 3 gaddl (Checkpoint) i<l daz; =
s B Al BoAla e o) Slamaly Byises 23505 Sdo Lass 0
C;f’“ﬂ

sl Dl pans ¥ ldis gl i gy sy ¢ Sadl B 2t

oY W padl D gine e (55 OF it K8 el U 8S Gl @
AU 4 Ly s pals ) ol g

i I ol e JIsll odn B 5l i3 o
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")

ol .%,mu’ug,;,am,,.x;nsﬂm(.s,caw\ﬁ\ga,?s,u\éwwwwﬁ&
578 50 54 8 g sV L85 OIS 1] Lo 8 pmad 23 01 s olazs W1 ollas U
:i)les

early_stop = EarlyStopping(monitor="loss', min_delta=0, patience=50,
verbose=1, mode='min")

G55 s (sl b )5 e lws 01 N 28553 g2l 231, callbACK ] b c 2105
1Ly ol RNN 3 50

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):
X0, i, index] = 1.
indices = np.argmax(model.predict(X[:, max(0, i - 99):i+1 ,:][o], 1)
index = indices[ -1]
y_char.append(index_to_char[index])
return  (").join(y_char)

Sl e G S G5 iy Sl 3505 Ly Bolstie 5Ll 05 O e A1) 0n TS
100 ) Wsb Jar (s Gs Wa3lis) o5 G e 2y izl gen_length-1
N I el oo callback & dyaos oY1 Lislay . (Jobecd] J5b)

class ResultChecker(Callback):
def _init__ (self, model, N, gen_length):
self.model = model
self.N =N

self.gen_length = gen_length

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

result = gene rate_text(self.model, self.gen_length, n_vocab,
index_to_char)

print (' \nMy War and Peacetn' + result)

CJ}Q}J\ p._{)JC\J T.Lq cEJJﬁL?- C)LJ}{QJ‘ G.A.} WT C)T .bu C):y‘

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

11015 515 115 1 il 2ol B g2l .ol 2310 JS3 6> 200 W sl 5
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Epoch 1:

Epoch 1/300

8000/31962 [======>.........cc0.ccur..... ] - ETA: 51s - loss: 2.8891
31962/31962 [ €]7s 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 s tord and the stord and the stord and the stor d
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 [...cccvveeeeeeiiieieae e ] - ETA: 1:26 - loss: 1.2321
31962/31962 [ #6s 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 [ 166s 2ms/step - loss: 1.1562
My War and Peace:

IICDP!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 hi m and the same thing the sam

Epoch 00051: loss did not improve from 1.14279

Epoch 101:

Epoch 101/300

31962/31962 [ #]7s 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

T Sabsll e Soe 2y Gyl B 5

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

11518 280 I jad) 5 500 A

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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LISl OIST13) Lo Jlocs 25 o3 oy Lo o J] T Ly ol "ol oot 1,35
Y a1 S o gzl 910 RNIN 23 505 GeoMalaall i S cpo il foms o3
el e slaze ¥l s (s I SISl Joud RNN 25 505 55 0Y U3 oty
Azl 0da o) Caras GRU LSTM e JSLgll oonal o5 &l YUb L 5kl
LSTM
s loall 3085 cstall Ay s Slacll (o o) RNNis I (Ko el aill L1 o
il sed (ol 8l Slasdl (A o a5 Lo (i) (00 SR ey ko
sl (Long short term memory) ol dsh 3 SIS il o5l Lis
Flols 5,513 L5 5525 o (Sedl dusb Slns 5 LSTM J Sy (LSTM)
Lehsa

Sloghaall LS b Koy I (cell state) Dol s » LSTM J £l 5 Sl
125 Sl G Stes sl ola Dbl L5 gl 0 S Lgsldo

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 &lems J1(5 J502
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o ghaodl J5 WO a0 e Sl Gosb e Y LSTM Al &k o5 S Y
gy (D) JY Gy () Ol &y i oll O e (3500l LSTM 055
Q¥

Dol Lo s 25 LST13] Lo Bl 0l 0 5,5 0l Bl gy 2 LSTM 3 J5Y1 &1 51
o g ol Ml R g ) Sl ieall s Bl D531 51,5 dazng Y o
T o 2 LS o AN LS 3 SO0y i o ]3] A sigmoid
Dyt paiall Sloglan O Olwid) Bl o s Gl dad s Aol 15 0Ll &
A L5 emie Ble slaall LolS1 bl o iall « Plaadl Gl 25 3 LS00
L Lol Aol L ascie e Al usﬂ;;uﬂm\ U5 gSeo LSTM O ons 1
: JHE ol ;\,; Dol

fr = O'(tht_l + Urx, + bf)

3 0 3 SIS ) s Sleglas BLo] (YY1 Alg) AL Dlgd) )
Vsl i amnall plasenal (o Lt o1 pdl ool eL25] 05 Lot 1 jodf ool ok 2l 5
el e g gon Al L b Lgnenatd (platonddl sl e el 03 o
wwauwwwwwww»;ﬁj@uuo;)aéwdu@iat
Adas o BIUS tanh Al plaseu o2 ¢ g podl aadl 1 s LY Dl L5 Wslos sl
I SVslaadl b ddandl oda gl

ie = 6(Wihe_y + Upxe + b)) *
a; = tanh(W;hy—q + Ucx; + by)
ELUCAIRUENONES (o2 ) ssh S QUL Al Couss LAS Ol &y s
AL Wslaadl e Ln) 55l
Ct = fe*Cq Hig*a;

Bl 42 LSTM &k el bl LY pa Loy (2331 &) 5,053 &)
sl Slossd sigmoid e VT S x5 ey 56 5V Bl hy Bise)
Dol Ll o sy U3 o3 o 1 8 o) BAoel) Bl 05 ko] ol 55 S0 (o o
)l 05 Gy csigMOId AL L all Sl a3l Lgmad dieliaod tanh 22b )
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or = o(Wohi—1 + Upxe + by)
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h; = o; * tanh (c;)
s 1 Okl Dl OlST15] &l oY Gyl 536 o LSTM Less S0
oo LSy 0Ll Bl gy Lo 3 5hasey 5 gl Lo ally L Al e (nd (0 J0Y1 &y
Alsb 5 2 a0 050 8 ST i o S (AU daes Boles 515,85
1ol S B3l s 0 LSTM g &4S 10,0 o Llos

o U 1 e JUal Al Jaed o3 a8 BN 4.2 dod sl oy A1 B
oo ST e 0l Bl s o <l (8 sl el 3 SN Aol Lo
Ll 0Y B Slaghae (6T BLSL 05 Vs Sl glasadl odn o131 Sla ghaodl oo (0355

et 035 (S5 420l ps 1 e 13V By s o (5.0 e By

LSTM polaaiwl (aj adgi

Jeadb &,lis G, 160 JI el U 8303 Lad (LSTM J] izl Laidl g b
SEQ_LENGTH 3aztaell &oilly Yy X opeidl ol somen sy a3lely Lad o3 a3l

:=160

seq_length = 160
n_seq = int(n_chars / seq_length)

X = np.zeros((n_seq, seq_length, n_vocab))
Y =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_oR[j][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 piennd ¢ Giledl RINN 23 50y &5l
0.4 ey Sl Gl g Loas

from keras.layers.recurrent import LSTM
batch_size = 100

n_layer= 2

hidden_units = 800

n_epoch=300

dropout= 0.4

oz s 1 s Lasl oY p s

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(hidden_units, return_sequences=True))
model.add(Dropout(dropout))
model.add(TimeDstributed(Dense(n_vocab)))
model.add(Activation('softmax"))

:0.001 V.Lu Jehaes (RMSProp pudswsd ¢ pmaeal] &l

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

model.compile(loss= "categorical_crossentropy" , optimizer=optimizer)
el sl LJ@JJ\ LSTMCSJQJUA;'J; Uges

model.summary()

Layer (type) Output Shape Param #

Istm_1 (LSTM) (None, None, 800) 2745600

dropout_1 (Dropout) (None, None, 800) O

Istm_2 (LSTM) (None, None, 800) 5123200

dropout_2 (Dropout) (None, None, 800) O

time_distributed_1 (Ti  meDist (None, None, 57) 45657

activation_1 (Activation) (None, None, 57) 0

Total params: 7,914,457
Trainable params: 7,914,4 57
Non trainable params: 0

G RN 5 50 SBlad dngl o o e gy castil) Jolas (Do 8 JI g 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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151 @l 50l Lol LI bl .55 10 JSI G, 500 e 655 L gl 5

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 no t 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 0.73175 to 0.73003, saving model to
weights/weights_epoch_151_loss_0.7300.hdf5
Epoch 201:
Epoch 201/300
19976/19976 [ 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 | 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

:0.6001 Uasdl e gy 2dl i 5 ¢ 300 8,501 b « (5]

)" e Pl 5,8l Ladls 2T 23 LS ol Wge wliy « LSTM &5 Juai
o2l OGN w5 e RNN LSTM ©lSd e ¥ o Sl J BLoYL L edlls
W5 JI g LaTex s HTML (o ¢ il SULy (6l oo ool oo

LSTM plaaiwl eilolle aacio jail @uini

sk g Badxte Ol peas (A a3 pe sLA] BAS ki ) M
ey Blanad) SN e daally Lo s G Gl oy (601l il 3 505

HOXIC 15l IS 1A Olede o o oyl Ghadienadl SULI e gaes (6 505
oda S JI el oo ol -5z .identity_hates insult cthreat .obscene «severe_toxic
ey bl - il Alons daze Los () 0 Lo )l bl 5 sl
il pddiis (Jadl e JMe Kaggle' cop @Bse oo o SULIN s pazes |53
.25 "train.csv"

Sl sk JE SIS e gares Joois Bsllaall oleslall 50 Y
” S

from numpyimport 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 GlobalMaxPoolinglD

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 Cmcatenate

import pandas as pd

import numpyas np

import re

import matplotlib.pyplot  as plt

FOUL) de pazme ooty o3 OV

toxic_comments = pd.read_csv("train.csv")
: ULl de gazes sbal JLI1 s ST1 5 m
print (toxic_comments.shape)

(159571, 8)

L https://www.kaggle.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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3l 85 Yo 159571 e Ll &5 pozms (6 58 oty LoS
Y Sy e W8V Gae &, Siay ( JII Y plasealy

toxic_comments.head()

id comment_text toxic severe_toxic obscene threat insult identity_hate
Explanation \ nWhy the
0 0000997932d777k edits made under my 0 0 0 0 0 0
usern...
D'aww! He matches this
1 000103f0d9cfb60f background colour I'm 0 0 0 0 0 0
S...
Hey man, I'm really not
2 000113f07ec002fc trying to edit war. 0 0 0 0 0 0
It...
"\'nMoré nl can't make
3 0001b41b1c6bb37 any real suggestions on 0 0 0 0 0 0
You, sir, are my hero.
4 0001d958c54c6e3 Any chance you 0 0 0 0 0 0
remember...
- [ " P - . . .o N - - . .
Mﬂ«@bwd&@w&f&%dﬂ\ow\wum AL s glasedl B

a6
filter = toxic_comments['comment_text"] != "™

toxic_comments = toxic_commentsffilter]
toxic_comments = toxic_comments.dropna()

Gl oo (5 o5 Gl ok Les ey wlids e comment_text > yand! (5 s
print (toxic_comments[‘comment_text"][ 16§)

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"][ 169))
print ("Severe toxic:" + str(toxic_comments[‘severe_toxic"][ 169))
print ("Obscene:" + str(toxic_comments[‘obscene"][ 169))
print ("Threat:" + str(toxic_comments[‘threat”][  169))
print (“Insult:* 4+ str(toxic_comments["insult"][ 169))
print ("ldentity_hate:" + str(toxic_comments[“identity _hate"][ 169))
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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identity_hate

def preprocess_text(sen):
# Remove punctuations and numbers
sentence =re.sub([*a -zAZ]','’', sen)
# Si ngle character removal
sentence =re.sub(r" \s+[a-zA Z]\s+", "', sentence)
# Removing multiple spaces
sentence =re.sub(r' \s+','', sentence)
return sentence

2 Gkl Jla] by 20Ul Sl seally SOl i pares L2 58RI skl
Sl peall sl Sl X el Golidadl e (352 ¢ 54 .COMMENt_text 3 youn)
seiadl Qoo Beall 55 il eda pddes toxic_comments_labels 3l &35

s gy JEl s S0y
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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 jee 5 1] Jl o ¥ ol SULII e gores b
S bl s AW Gl Foone-hot o5 Slgmne I eIl Lo o5 08
Z)L:.’;}-\j YRR CJL:L;\.: CJLPM

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 5 wdanas ¥ . (word embedding) Sl el e 50l (o Les
dogh oo A S o el s o U SV el SULIY g Granl!
Syl il JI g L”;J\ Sl L) 4 b g LSl ands o) el
fglinadl BLL Sleadl ol SLISTE J2ed 02 oo i Slgzes JSS GolalsU
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
bVl el LS e s DLl o & gl AV Tl 1 5 Leb] e 5,081
MM@-W‘W‘{MQ‘M‘M‘WWJ&JM%W
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Slgrnad) Lad ) ol elts) Y o oAl oda JASCAN ()5 o8] dd I gl
S Slib Jro ol P o al) eda oo 2y il 13T 5 Slte S0
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o Lde Jsmamdl 03 1 0135V plaseals Lnadl UL (10 5 1S s sazes Je GloVes
RCI WP\ PO | PRV
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

malen = 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 glove*.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")

forline 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 &l 128 Lgy LSTM 4k,

LAY

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_crossen tropy', optimizer="adam’, metrics=['acc'])
o ol asele CJ:., Lses

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

Layer (type) Output Shape Param #

input_1 (InputLayer) [(None, 200)] 0

embedding (Embedding) (None, 200, 100) 14824300
Istm (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 A0 o o USa
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
:C';}o.‘..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 [: 40s 17ms/step - loss: 0.1193 - acc: 0.9684 - val_loss:
0.0739 - val_acc: 0.9941

Epoch 2/5

798/798 [: 13s 17ms/step - loss: 0.0643 - acc: 0.9927 - val_loss:
0.0599 - val_acc: 0.9943

Epoch 3/5

798/798 [: 13s 17ms/step - loss: 0.0572 - acc: 0.9938 - val_loss:
0.0573 - val_acc: 0.9935

Epoch 4/5

798/798 [: 13s 17ms/step - loss: 0.0548 - acc: 0.9939 - val_loss:
0.0566 - val_acc: 0.994 3

Epoch 5/5

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

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 [ s 6ms/step - loss: 0.0529 - acc: 0.9938
Test Score: 0.05285229906439781
Test Accuracy: 0.9937959909439087

oo bad D3 s ol gas JLesVl e sazes 3799 J) Joas 85 3 pedl G 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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plt.plot(history.history['loss')
plt.plot(history.history['val loss'])

plt.titte(m  odel 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 &o dahlcll JudAj
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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
(oL e pares o 315 A Les darl o JSU2JST5000 fuabl froms 43

X_train
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array([list([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, 2 84,5, 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, 7 1, 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, 28 3,5, 16, 4472, 113, 103, 32, 15, 16, 5345, 19, 178, 32]),
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, 9 2, 401, 728, 12, 39, 14, 251, 8, 15, 251, 5, 21213, 12, 38, 84, 80, 124, 12, 9,
23)),

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, 9])],

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

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

print(" ".join([index_word[idX] for idx in x_train[index]]))

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

the thought solid thought senator do making to is spot nom ination 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 whe re 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 awa iting 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
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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[index]]))
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( 0, 0, 0, 0O, 0, 0, O, 0, 0O,

oo ooo
oo ooo
PO O©OO0O

ofPooo

, 58, 54, 4,14537, 5, 6495, 4, 2351,
1630, 71,1 3202, 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, 2 2, 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, 3 801, 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, 10,
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, A4,
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, 2 342, 947, 6, 6950,
8, 27, 157, 62, 115, 181, 8, 67, 160
7, 27, 108, 103, 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, 3591], dtype=int32)

055 aalal 0085 ads o2« 4edS500 o 5T 0118 Jshall Jores 0 (5 ¢ oMl (55 LS
500 J gl Joemr
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()
moel.add(Embedding(top_words, embedding_vector_length,
input_length=max_review_length))
model.add(LSTMI(00))
model.add(Dense(l, 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
Istm (LSTM) (None, 100) 53200

dense (Dense) (None, 1) 101

Total params: 213,301
Trainable params: 213,301
Non trainable params: 0

None

SIS yanan Lodseasl oLl Jadl b ol o 3l b 2ilaa ¢ Gl b 83 LS
Oee2s Embedding 4ab =5 .embedding dalb pASs JEdl e & e Okl
T T RS EURN FO PRI

model.fit(X_train, y_train, validation_data=(X_test, y_test), epochs= 53
batch_size=32)
Epoch 1/5
782/782 [: $§2s 103ms/step - loss: 0.4681 - accuracy:
0.7815 - val_loss: 0.3702 - val_accuracy: 0.8430
Epoch 2/5
782/782 [ 9s 101ms/step - loss: 0.3340 - accuracy:
0.8618 - val_loss: 0.3984 - val_accuracy: 0.8299
Epoch 3/5
782/782 [: §0s 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: 0.2259 - accuracy:
0.9117 - val_loss: 0.3122 - val_accuracy: 0.8713
Epoch 5/5
782/782 [: 19s 101ms/step - loss: 0.1912 - 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]* 100))

Accuracy: 86.04%
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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 numpyas np

i mport tqdm

(X_train, ), (_, ) = mnist.load_data()
X_train = (X_train.astype(np.float32) - 127.5)/ 1275
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X_train = X_train.reshape( 6000Q 784)
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randomDim =10

generator = Sequential()

generator.add(Dense( 256, input_dim=randomDim))
generator.add(LeakyReLU(0.2))
generator.add(Dense( 512))
generator.add(LeakyRelLU(0.2))
generator.add(Dense( 1024)
generator.add(LeakyReLU(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(Le akyRelLU{(.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 "))
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# Combined network

discriminator.trainable = False

ganinput = Input(shape=(randomDim,))

X = generator(ganinput)

ganOutput = discriminator(x)

gan = Model(inputs=ganinput, outputs=ganOutput)

508 B3 slladl psen oo it S0 Saadl oy VT n V) s b ol
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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[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,' -'*15)
for _in range(batchCount):
# Get a random set of input noise and images
noise = np.random.normal(0, 1, size=[batchSize, randomDim])
imageBatch = X_train[np.random.randint(0, X_train.shape[0],
size=batchSize)]

# Generate fake MNIST images
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generatedlmages = 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 discrimin  ator
discriminator.trainable = True
dloss = discriminator.train_on_batch(X, yDis)
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# Train generator

noise = np.random.normal(0, 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)
glLosses.append(gloss)

ife==1ore % 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(0, 1, size=[examples, randomDim])
generatedimages = generator.predict(noise)
generatedimages = generatedlmages.reshape(examples, 28, 28)

plt.figure(figsize=figsize)
for i in range(generatedimages.shape[0]):
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plt.subplot(dim[0], dim[1], i+1)
plt.imshow(generatedimages|i], in  terpolation="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 numpyas np

import tqdm

randomDim = 10

# Load MNIST data

(X_traiin, ), (_, ) = 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 = Adlam(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(LeakyReLU(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'))
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 =]
# 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)):
nois e = np.random.normal(0, 1, size=[examples, randomDim])
generatedlmages = generator.predict(noise)
generatedlmages = generatedlmages.reshape(examples, 28, 28)
plt.figure(figsize=figsize)
for i in range(generatedimages.shape[0]):
plt.subplot(dim[0], 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, ba tchSize=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,' -"15)
for _ in range(batchCount):
# Get a random set of input noise and images
noise = np.random.normal(0, 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 gen erated 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(0, 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)
glLosses.append(gloss)

ife==1ore%20==0:
saveGeneratedlmages(e)

# Plot loss es from every epoch
plotLoss(e)

train( 200, 128

Epochs: 200

Batch size: 128
Batches per epoch: 468
-- - Epoch 1 -
Epoch 2
Epoch 3
Epoch 4
Epoch 5 -

S Epoch 198 ---------------
--------------- Epoch 199 ---------------
--------------- Epoch 200 ---------------
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