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In [1]: from tensorflow.examples.tutorials.mnist import input_data
mnist = input_data.read_data_sets( 'MNIST_data', one_hot=True)

Extracting MNIST _datafftrain-images-idx3-ubyte.gz
Extracting MNIST _datatftrain-labels-id«l-ubyte.gz
Extracting MNIST _dataft10k-images-idx3-ubyte. gz
Extracting MNIST _datatt10k-labels-idxl-ubvte.gz
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In [2]:

.. ISLab

Import Tensorflow

import tensorflow as tf

Define Weight, bias Init Function

def weight_variable(shape):
initial = tf.truncated_normalishape, stddev=0.1)
return tf.Yariablel(initial)

def bias_variable(shape):

initial = tf.constant(0.1, shape=shape)
return tf.Yariablel(initial)

Define Convolution, Max pooling

def convZd(x, W):
return tf.nn.convZd(x, W, strides=[1, 1, 1, 1],

def nax_pool _2x2(x):
return tf.nn.max_pool (x, ksize=[1, 2, 2, 11.

padding="SAME" )

strides=[1, 2, 2, 1], padding="SiNHE")
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In [10]:

Init placeholder

¥ = tf placeholder(tf. float3d2, shape=[Hone, 734])
y_ = tf.placeholder(tf.float32, shape=[Mone, 10])

Reshape input data

¥_image = tf.reshape(x, [-1, 23, 28, 11)

Init first feature map w, b

weiaght _variable([5, 5, 1, 321)
bias_variable([32])

W_conwl
b_conwl

Set first Convoution and Pooling layer

tf.nn.relulconv2dix_image, W_convl) + b_convl)
max_pool _2x2(h_conv1)

h_conwl
h_pool1

Init second feature map w, b

weiaht variable([5, 5, 32, 64])
bias_variable([G4])

W_conw?
b_conw?

Set second Convoution and Poaoling layer

h_conw? = tf.on.relulconv2dih_pooll, W_conv?) + b_convz)
h_poolZ2 = max_pool _2x2{h_conv?)
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— Dropout2 Training Data0]| ti¢t 2t (Overfitting)= 2=lst= S

Set first fully connected layer

In [11]: W_fcl = weight_variable([7 = 7 + 64, 1024])
b_fcl = bias_variable([1024])

h_pool2_flat = tf.reshape(b_pool2, [-1, 7=7+64])
h_fcl = tf.nn.relultf.natmul (h_pool2_flat, W_fcl) + b_fcl)

Set Dropout

(a) Standard Neural Net (b) After applying dropout.

In [12]: keep_prob = tf.placeholder(tf.float32)
h_fcl _drop = tf.nn.dropout (h_fcl, keep_prob)
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. EIMSRS 7HEH AE(5) - CNN

In [13]:

In [14]:

In [15]:

In [16]:

.. ISLab

7

Set second fully connected layer

=
—+
(%)
r-2
I

weight_variable([1024, 10])
bias_variable([10])

(=2
—+
1
ra
I

v_cony = tf.matmul (h_fcl _drop, W_fc2) + b_fc2

Define Cost function and Gradient Descent

cross_entropy = tf . reduce_mnean(tf. nn.softmaxs_cross_entropy_with_logitslabels=y_,

train_step = tf.train. AdanOptinizer{le-4). mininizelcross_entropy)

correct_prediction = tf.equal (tf.argnaxiy_cony, 1), tf.argnax({v_, 1))
accuracy = tf.reduce_mean(tf.casticorrect _prediction, tf.float3z))

Training Model Save and Restore

saver = tf.train.Saver()

Infarmation Security & Internet of Things Labaratory 8
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Start Training

In [171: isRestore = False

with tf.Session() as sess:

step
step
step
step
Step
step
step
step
step
step
test

sess.runitf.global _variables_initializer(}))

if isRestore == False:

for i in rangel(1000)

batch = mnist.train.next_batch(50)

if i ¥ 100 == 0:

train_accuracy = accuracy. eval (feed_dict={x: batch[0], w_: batch[1], keep_prob: 1.0})

print{'step %¥d, training accuracy %a' ¥ (i, train_accuracy))

train_step. run(feed_dict={x: batch[0]. wv_
saver.save(sess, './cnn_save_nodel . ckpt' ]

else:
saver . restore(sess,

print{ test accuracy ¥g' ¥ accuracy.evallfeed_dict={x: mnist.test.images, v_: nnist.test.labels, keep_prob

0, training accuracy 0.
100, training accuracy
200, training accuracy
300, training accuracy
400, training accuracy
500, training accuracy
GO0, training accuracy
FO00, training accuracy
800, training accuracy
900, training accuracy
accuracy 0.9613
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What is RNN? Recurrent(Bt24Ql) Neural Network.

2220l Gl0|E], 2 &2l Cl0|EIS SHE oD Saisl0] Wt ABAIZ

OIA S Sofl 2felsli&AlLt.

h|=|fw (Iht—l, il?t)

new state old state input vector at
some time step

some function
with parameters W
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target chars:

(2) - RNN

example
hello Sf5A|717| - hellO] YHE|RAUS T elloZ O|&5St= RNNEE

“q”

1.0 0:5 0.1 0.2
2.2 0.3 0.5 -1.5
outputlayer | 5% 1.0 1.9 0.1
4.1 1.2 -1.1 2.2
T T | [ Wy
hidden layer (())?; (1)2 %15 S _(())g
-0. : -0. i A .
0.9 0.1 0.3 07 === AMEH. (hidden layer)
}“L-l 1t
T T | [w
1 0 0 0
. 0 1 0 0
input layer 0 0 1 1
0 0 0 0
input chars: “h” “e” “7

SIfH AYEH HIAMON O1F AYEHJF AOICE

ht = tanh(Why

ht_1

+ Wmhmﬂ

\

New state

Old state Input vector
Tan® =+ sigmoid &t & StLIZ 7| & sigmoid7t 0~12 B at some
SHOICHRH tanBhee -10(A 12 gheh time step
Z WX HEHE 7t2|7]+& hidden layer| gt -1~1AL0[2] gt
o] ECt.
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« HIMEZRQ ZHCh A&(3) - RNN example }
+ hello 3 41717] - hello] YBEIAE 0 elloS 0| 25H= RNNDE

<

target chars: “e” bil%

1=0 0.5 0.1 0.2
2.2 0.3 0.5 -1.5
output layer [EES 1.0 1.9 0.1
4.1 12 -1.1 22
T T T [ Wy
. 0.3 1.0 0.1 |w hh|-0-3
hidden layer | -0.1 0.3 0.5 ——=| 09 hi = taﬂh(Whhht—l + thmt)
0.9 017 -0.3 [0)7
T T T wn
1 0 0 0
: 0 1 0 0
input layer 0 0 1 1
0 0 0 0
input chars: “h” “e” | “1”

o1l e 2k (Hidden layer)S Alttst?Z| £ahd
Whh, Wxh, Why & A|4F5H{OF otCt,
HMS22E 0 AtS tEE EOtM 2dsty, ArEA17L 2|8 +oig 27t Qi)
g AATFES Soff 2elslE AT
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In [1]:

In [2]:

In [3]:
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Import Tensorflow and Numpy

import tensorflow as tf

import numpy as np

Input Data Init

# make hello example

Aheil-2ello

char_set = ['h", '

¥_one_hot = [[

v_data = [[1.

Initizalize LSTIM Parameters

nun_classes
input _din =
hidden_size
batch_size = |
sequence_lengt
learning_rate

o=

2, 2, 3]l

4
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al,
al.
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# one sentence

h

a.

4
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- HIMZES 2tttk 245(5) - RNN source code ' P‘

Init placeholder

In [4]: % = tf.placeholder(
tf.float32, [Mone, sequence_length, input_diml) # % one-fot
¥ = tf . placeholder(tf.int32, [Mone, sequence_length]) # ¥ /abe/

Make LSTM Cell

cell = tf . contrib.rnn. BasicLSTHCel | (nun_units=hidden_size, state_is_tuple=True)
initial_state = cell.zero_statelbatch_size, tf.float3?)

autputs, _states = tf.nn.dvnamic_rnnf
cell, ¥, initial_state=initial_state, dtype=tf.float3z)
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« EHAME2S 7tk Al=(6) - RNN source code

Set the fully connected Layer

In [B]:
# FC Javer

¥_for_fc = tf.reshapeloutputs, [-1, hidden_size])

# fow = tf.get_varighiel "fo_w", [hidben size, num_ cfasses])
# fo b = tf.get_variabliel "fo &, fnum classes])

# outputs = Hfomatmul (X for_fo, Ffow) + fo b

outputs = tf. contrib. lavers. ful lv_connect ed{
inputs=¥_for_fc, num_outputs=nun_classes, activation_fn=Hone)

# reshape out for sequence_foss

outputs = tf.reshapeloutputs, [batch_size, sequence_length, num_classes])
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Set the cost function and Initialize the training function

weights = tf.onesi [batch_size, sequence_lengthl)

sequence_loss = tf. contrib. seq?seq. sequence_ | oss(
logits=outputs, targets=Y, weights=weights)

loss = tf.reduce_mean(sequence_| oss)
train = tf.train. ddamOptimizer{ learninga_rate=learning_rate) mininize(loss)

prediction = tf.argmaxoutputs, axis=2)
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Start Training

In [B]: with tf.Session() as sess:

.. ISLab
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sess, run(tf.global _variables_initializer())

for | in range(50):

|, _ = sess.run([loss, train], feed_dict={%: %_one_hot, Y: w_datal)

result = sess.runiprediction, feed_dict={¥: »x_one_hot})
print(i, "loss:", |, "prediction: ", result, "true Y@ ", ¥_data)

# print char using dic

result_str = [char_set[c] for ¢ in np.squeezelresult)]
print("#tPrediction str: ", "'.join{result_str))




o HAME2S 7tCk Al=(9) - RNN source code "

0 loss: 1.40¢9 prediction: [[1 2 3 31] true ¥: [[1, 2, 2, 311
Prediction str: eloo

1 loss: 1.17883 prediction: [[1 2 2 2]] true Y: (r1, 2, 2, 311
Prediction str: ello

2 loss: 0.931954 prediction: [[2 2 2 3]] true ¥: [r1, 2, 2, 311
Prediction str: 1llo

3 loss: 0.688113 prediction: [[2 2 2 3]] true ¥: [r1, 2, 2, 311
Prediction str: 1llo

4 loss: 0.502254 prediction: [[1 2 2 32]] true ¥: [, 2, 2, 311

47 loss: 3.006%5e-05 prediction: [[1 2 2 3]] true ¥: [, 2, 2, 311

Prediction str: ello
2.9175%9e-05 prediction:
Prediction str: ello

2.85203e-05 prediction:
Prediction sty ello

43 loss:

49 loss:
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[[1 2 2 31] true ¥: [[1, 2, 2, 31]

[[1 2 2 3]] true ¥: [[1, 2, 2, 31]




Thank you!




