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In [1]: S%matplotlib inline
import tensorflow as tf
from tensorflow.examples.tutorials.mnist import input data
print (tf. version )

0.10.0
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1load the mnist data.

mnist = input data.read data sets ('MNIST data', one hot=True)
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[4]:

Extracting MNIST data/train-images-idx3-ubyte.gz
Extracting MNIST data/train-labels-idxl-ubyte.gz
Extracting MNIST data/tl0k-images-idx3-ubyte.gz
Extracting MNIST data/tl0k-labels-idxl-ubyte.gz
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# placeholder is used for feeding data.

x = tf.placeholder ("float", shape=[None, 784]) # none represents variable length of dimension. 784 is
the dimension of MNIST data.

y target = tf.placeholder ("float", shape=[None, 10]) # shape argument is optional, but this is useful
to debug.
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# all the variables are allocated in GPU memory

Wl = tf.Variable (tf.zeros ([784, 256])) # create (784 * 256) matrix

bl = tf.Variable (tf.zeros ([256])) # create (1 * 256) vector

weighted summationl = tf.matmul (x, W1) + bl # compute --> weighted summation

hl = tf.sigmoid( weighted summationl ) # compute --> sigmoid(weighted summation)

# Repeat again

W2 = tf.Variable (tf.zeros ([256, 10])) # create (256 * 10) matrix

b2 = tf.Variable (tf.zeros ([10])) # create (1 * 10) vector

weighted summation2 = tf.matmul (hl, W2) + b2 # compute --> weighted summation

y = tf.nn.softmax (weighted summation2) # compute classification --> softmax(weighted summation)
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# define the Loss function
cross_entropy = -tf.reduce sum(y target*tf.log(y))
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# define optimization algorithm
train step = tf.train.GradientDescentOptimizer (0.01) .minimize (cross entropy)
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correct prediction = tf.equal (tf.argmax(y, 1), tf.argmax(y target, 1))
# correct prediction is list of boolean which is the result of comparing (model prediction , data)

accuracy = tf.reduce mean (tf.cast (correct prediction, "float"))
# tf.cast() : changes true -> 1 / false -> 0
# tf.reduce mean() : calculate the mean
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sess = tf.Session (config=tf.ConfigProto (gpu options=tf.GPUOptions (allow growth =True))) # open a sessi
on which is a envrionment of computation graph.
sess.run(tf.initialize all variables())# initialize the variables

gpu_options=tf.GPUOptions(allow_growth =True)) S& 2 session0| 2 L5+ XA 50| XA SHHA AI=RE 212 2 Hote SE0|
Ct.
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# training the MLP
for i in range (5001): # minibatch iteraction
batch = mnist.train.next batch (100) # minibatch size
sess.run (train step, feed dict={x: batch[0], y target: batch[1l]}) # feed data into placeholder x,
y target
if i1%500 ==
train_accuracy = sess.run(accuracy, feed | dict={x:batch[0], y target: batch[1]})
print ("step %d, training accuracy: %.3f"%(i, train accuracy))
# for given x, y target data set
print ("test accuracy: %g"% sess.run(accuracy, feed dict={x: mnist.test.images, y target: mnist.test.

labels}))
sess.close ()
tf.reset default graph ()

step 0, training accuracy: 0.120
step 500, training accuracy: 0.570

step 1000, training accuracy: 0.880
step 1500, training accuracy: 0.900
step 2000, training accuracy: 0.910
step 2500, training accuracy: 0.940
step 3000, training accuracy: 0.950
step 3500, training accuracy: 0.950
step 4000, training accuracy: 0.970
step 4500, training accuracy: 0.960
step 5000, training accuracy: 0.950

test accuracy: 0.9299
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tmatplotlib inline

import tensorflow as tf

from tensorflow.examples.tutorials.mnist import input data
tf.reset default graph() # remove the previous computation graph

def MLP():

# download the mnist data.
mnist = input data.read data sets ('MNIST data', one_ hot=True)

# placeholder is used for feeding data.

x = tf.placeholder ("float", shape=[None, 784], name = 'x') # none represents variable length of d
imension. 784 is the dimension of MNIST data.
y target = tf.placeholder ("float", shape=[None, 10], name = 'y target') # shape argument is optio

nal, but this is useful to debug.

# all the variables are allocated in GPU memory

Wl = tf.Variable (tf.zeros([784, 256]), name = 'Wl') # create (784 * 256) matrix
bl = tf.Variable (tf.zeros ([256]), name = 'bl') # create (1 * 256) vector
hl = tf.sigmoid (tf.matmul (x, W1) + bl, name = 'hl'") # compute --> sigmoid(weighted summation)

# Repeat again

W2 = tf.Variable (tf.zeros ([256, 10]), name = 'W2') # create (256 * 10) matrix
b2 = tf.Variable (tf.zeros ([10]), name = 'b2") # create (1 * 10) vector
y = tf.nn.softmax (tf.matmul (hl, W2) + b2, name = 'y') # compute classification --> softmax(weigh

ted summation)

# define the Loss function
cross_entropy = -tf.reduce sum(y target*tf.log(y), name = 'cross entropy')

# define optimization algorithm
train step = tf.train.GradientDescentOptimizer (0.01) .minimize (cross_entropy)

correct prediction = tf.equal (tf.argmax(y, 1), tf.argmax(y target, 1))
# correct prediction is list of boolean which is the result of comparing(model prediction , data)

accuracy = tf.reduce mean (tf.cast (correct prediction, "float"))
# tf.cast() : changes true -> 1 / false -> 0
# tf.reduce mean() : calculate the mean

# Create Session

sess = tf.Session (config=tf.ConfigProto (gpu options=tf.GPUOptions (allow growth=True))) # open a s
ession which is a envrionment of computation graph.
sess.run(tf.initialize all variables())# initialize the variables

# create summary of parameters
tf.histogram summary ('weights 1', W1)
tf.histogram summary ('weights 2', W2)

tf.histogram summary('y', y)

tf.scalar summary ('cross entropy', cross _entropy)

merged = tf.merge all summaries ()

summary writer = tf.train.SummaryWriter ("/tmp/mlp", sess.graph)

# training the MLP
for i in range (5001): # minibatch iteraction
batch = mnist.train.next batch(100) # minibatch size
sess.run (train step, feed dict={x: batch[0], y target: batch[l]}) # placeholder's none length
is replaced by 1:1+100 indexes

if 1%500 ==
train accuracy = sess.run(accuracy, feed dict={x:batch[0], y target: batch[1]})
print ("step %d, training accuracy: %.3f"%(i, train accuracy))

# calculate the summary and write.
summary = sess.run (merged, feed dict={x:batch[0], y target: batch[1]})
summary writer.add summary (summary , 1)

# for given x, y target data set

print ("test accuracy: %g"% sess.run(accuracy, feed dict={x: mnist.test.images, y target: mnist.
test.labels}))

sess.close ()

MLP ()



Extracting MNIST data/train-images-idx3-ubyte.gz
Extracting MNIST data/train-labels-idxl-ubyte.gz
Extracting MNIST data/tl0k-images-idx3-ubyte.gz
Extracting MNIST data/tl0k-labels-idxl-ubyte.gz
step 0, training accuracy: 0.120

step 500, training accuracy: 0.520

step 1000, training accuracy: 0.720
step 1500, training accuracy: 0.910
step 2000, training accuracy: 0.930
step 2500, training accuracy: 0.920
step 3000, training accuracy: 0.860
step 3500, training accuracy: 0.960
step 4000, training accuracy: 0.960
step 4500, training accuracy: 0.960
step 5000, training accuracy: 0.930

test accuracy: 0.9304
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Smatplotlib inline

import tensorflow as tf

from tensorflow.examples.tutorials.mnist import input data
tf.reset default graph() # remove the previous computation graph

def CNN():
# download the mnist data.
mnist = input data.read data_sets ('MNIST data', one_hot=True)

# placeholder is used for feeding data.

x = tf.placeholder ("float", shape=[None, 784], name = 'x') # none represents variable length of di
mension. 784 is the dimension of MNIST data.
y_target = tf.placeholder ("float", shape=[None, 10], name = 'y target') # shape argument is option

al, but this is useful to debug.

# reshape input data
x_image = tf.reshape (x, [-1,28,28,1], name="x image")

# Build a convolutional layer and maxpooling with random initialization
W _convl = tf.Variable (tf.truncated normal ([5, 5, 1, 32], stddev=0.1), name="W convl") # W is [row,
col, channel, feature]

b convl = tf.Variable (tf.zeros([32]), name="b convl")

h convl = tf.nn.relu(tf.nn.conv2d(x image, W convl, strides=[1, 1, 1, 1], padding='SAME') + b conv
1, name="h convl")

h pooll = tf.nn.max pool( h convl , ksize=[1, 2, 2, 1], strides=[1, 2, 2, 1], padding='SAME', name
= "h pooll")

# Repeat again with 64 number of filters

W _conv2 = tf.Variable (tf.truncated normal ([5, 5, 32, 64], stddev=0.1), name="W conv2") # W is [row
, col, channel, feature]

b conv2 = tf.Variable (tf.zeros([64]), name="b conv2")

h conv2 = tf.nn.relu(tf.nn.conv2d(h pooll, W conv2, strides=[1, 1, 1, 1], padding='SAME') + b conv
2, name="h conv2")

h pool2 = tf.nn.max pool( h conv2 , ksize=[1l, 2, 2, 1], strides=[1l, 2, 2, 1], padding='SAME', name
= "h pool2")

# Build a fully connected layer

h pool2 flat = tf.reshape(h pool2, [-1, 7*7*64], name="h pool2 flat")

W _fcl = tf.Variable (tf.truncated normal ([7 * 7 * 64, 1024], stddev=0.1), name = 'W fcl')
b fcl = tf.Variable (tf.zeros([1024]), name = 'b fcl')

h fcl = tf.nn.relu(tf.matmul (h pool2 flat, W _fcl) + b fcl, name="h fcl")

# Dropout Layer
keep prob = tf.placeholder ("float", name="keep prob")
h fcl = tf.nn.dropout (h fcl, keep prob, name="h fcl drop")

# Build a fully connected layer with softmax

W_fc2 = tf.Variable (tf.truncated normal ([1024, 10], stddev=0.1), name = 'W_fc2')
b fc2 = tf.Variable (tf.zeros([10]), name = 'b fc2')

y=tf.nn.softmax (tf.matmul (h_fcl, W _fc2) + b fc2, name="y")

# define the Loss function
cross_entropy = -tf.reduce sum(y target*tf.log(y), name = 'cross entropy')

# define optimization algorithm
#train step = tf.train.GradientDescentOptimizer (0.01).minimize (cross_entropy)
train_step = tf.train.AdamOptimizer (le-4) .minimize (cross_entropy)

correct prediction = tf.equal (tf.argmax(y, 1), tf.argmax(y target, 1))
# correct prediction is list of boolean which is the result of comparing (model prediction , data)

accuracy = tf.reduce mean (tf.cast (correct prediction, "float"))
# tf.cast() : changes true -> 1 / false -> 0
# tf.reduce mean() : calculate the mean

# Create Session

sess = tf.Session (config=tf.ConfigProto (gpu options=tf.GPUOptions (allow growth =True))) # open a
session which is a envrionment of computation graph.
sess.run(tf.initialize all variables())# initialize the variables

# create summary of parameters
tf.histogram summary ('weights 1', W_convl)
tf.histogram summary ('weights 2', W conv2)



tf.histogram summary('y', y)

tf.scalar summary('cross entropy', cross_entropy)

merged = tf.merge all summaries ()

summary writer = tf.train.SummaryWriter ("/tmp/cnn", sess.graph)

# training the MLP
for i in range (5001): # minibatch iteraction
batch = mnist.train.next batch (100) # minibatch size
sess.run(train step, feed dict={x: batch[0], y target: batch[l], keep prob: 0.5}) # placeholde
r's none length is replaced by 1i:1+100 indexes

if 13500 ==
train accuracy = sess.run(accuracy, feed dict={x:batch[0], y target: batch[l], keep prob:
1})
print ("step %d, training accuracy: %.3f£"%(i, train accuracy))

# calculate the summary and write.
summary = sess.run(merged, feed dict={x:batch[0], y target: batch[l], keep prob: 1})
summary writer.add summary (summary , i)

# for given x, y target data set

print ("test accuracy: %g"% sess.run(accuracy, feed dict={x: mnist.test.images[0:150], y target:
mnist.test.labels[0:150], keep prob: 1}))

sess.close ()
CNN ()

Extracting MNIST data/train-images-idx3-ubyte.gz
Extracting MNIST data/train-labels-idxl-ubyte.gz
Extracting MNIST data/tl0k-images-idx3-ubyte.gz
Extracting MNIST data/tl0k-labels-idxl-ubyte.gz
step 0, training accuracy: 0.060

step 500, training accuracy: 0.980

step 1000, training accuracy: 0.990
step 1500, training accuracy: 0.990
step 2000, training accuracy: 1.000
step 2500, training accuracy: 1.000
step 3000, training accuracy: 1.000
step 3500, training accuracy: 1.000
step 4000, training accuracy: 0.990
step 4500, training accuracy: 1.000
step 5000, training accuracy: 1.000

test accuracy: 1
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In [l6]: Smatplotlib inline
import tensorflow as tf
from tensorflow.contrib.learn.python.learn.datasets.base import load iris
import numpy as np
tf.reset default graph ()

def MLP iris():
# load the iris data.
iris = load iris()

np.random. seed (0)
random_index = np.random.permutation (150)

iris data = iris.data[random index]

iris target = iris.target[random index]

iris target onehot = np.zeros ((150, 3))

iris_target onehot[np.arange (150), iris target] = 1

accuracy list = []
# build computation graph
x = tf.placeholder ("float", shape=[None, 4], name = 'x'")

y target = tf.placeholder ("float", shape=[None, 3], name = 'y target')

Wl = tf.Variable (tf.zeros ([4, 128]), name = 'W1l')

(
bl = tf.Variable (tf.zeros([128]), name = 'bl')
hl = tf.sigmoid (tf.matmul (x, Wl) + bl, name = 'hl'")
W2 = tf.Variable (tf.zeros([128, 3]), name = 'W2')
b2 = tf.Variable (tf.zeros([3]), name = 'b2'")
y = tf.nn.softmax (tf.matmul (hl, W2) + b2, name = 'y')
cross_entropy = -tf.reduce sum(y target*tf.log(y), name = 'cross entropy')

train step = tf.train.GradientDescentOptimizer (0.01) .minimize (cross_entropy)
correct prediction = tf.equal (tf.argmax(y, 1), tf.argmax(y target, 1))
accuracy = tf.reduce mean (tf.cast (correct prediction, "float"))

sess = tf.Session (config=tf.ConfigProto (gpu options=tf.GPUOptions (allow growth=True)))
sess.run(tf.initialize all variables())

for i in range (500):
sess.run(train step, feed dict={x: iris data[0:100], y target: iris target onehot[0:100]})

train accuracy = sess.run(accuracy, feed dict={x: iris data[0:100], y target: iris target one
hot [0:100]1})

validation accuracy = sess.run(accuracy, feed dict={x: iris data[100:], y target: iris target
_onehot [100:]})

print ("step %d, training accuracy: %.3f / validation accuracy: %.3f" $(i, train accuracy, va
lidation_accuracy))

accuracy list.append(validation accuracy)

if 1 >= 50:
if validation accuracy - np.mean (accuracy list[len(accuracy list)/2:]) <= 0.01
break

sess.close ()

MLP iris ()
step 0, training accuracy: 0.360 / validation accuracy: 0.280
step 1, training accuracy: 0.310 / validation accuracy: 0.380
step 2, training accuracy: 0.330 / validation accuracy: 0.340
step 3, training accuracy: 0.360 / validation accuracy: 0.280
step 4, training accuracy: 0.360 / validation accuracy: 0.280
step 5, training accuracy: 0.350 / validation accuracy: 0.180
step 6, training accuracy: 0.130 / validation accuracy: 0.040
step 7, training accuracy: 0.010 / validation accuracy: 0.000
step 8, training accuracy: 0.010 / validation accuracy: 0.000
step 9, training accuracy: 0.020 / validation accuracy: 0.020
step 10, training accuracy: 0.040 / validation accuracy: 0.020
step 11, training accuracy: 0.060 / validation accuracy: 0.060
step 12, training accuracy: 0.090 / validation accuracy: 0.080
step 13, training accuracy: 0.100 / validation accuracy: 0.120
step 14, training accuracy: 0.110 / validation accuracy: 0.160
step 15, training accuracy: 0.470 / validation accuracy: 0.500
step 16, training accuracy: 0.640 / validation accuracy: 0.660
step 17, training accuracy: 0.660 / validation accuracy: 0.660
step 18, training accuracy: 0.660 / validation accuracy: 0.660
step 19, training accuracy: 0.660 / validation accuracy: 0.660
step 20, training accuracy: 0.660 / validation accuracy: 0.660
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step 106, training accuracy: 0.940 / validation accuracy: 0.940
step 107, training accuracy: 0.940 / validation accuracy: 0.940
step 108, training accuracy: 0.940 / validation accuracy: 0.940
step 109, training accuracy: 0.940 / validation accuracy: 0.940
step 110, training accuracy: 0.940 / validation accuracy: 0.940
step 111, training accuracy: 0.940 / validation accuracy: 0.940
step 112, training accuracy: 0.940 / validation accuracy: 0.940
step 113, training accuracy: 0.940 / validation accuracy: 0.940
step 114, training accuracy: 0.940 / validation accuracy: 0.960
step 115, training accuracy: 0.940 / validation accuracy: 0.960
step 116, training accuracy: 0.940 / validation accuracy: 0.960
step 117, training accuracy: 0.940 / validation accuracy: 0.960
step 118, training accuracy: 0.940 / validation accuracy: 0.960
step 119, training accuracy: 0.940 / validation accuracy: 0.960
step 120, training accuracy: 0.940 / validation accuracy: 0.960
step 121, training accuracy: 0.940 / validation accuracy: 0.960
step 122, training accuracy: 0.940 / validation accuracy: 0.960
step 123, training accuracy: 0.940 / validation accuracy: 0.960
step 124, training accuracy: 0.940 / validation accuracy: 0.960
step 125, training accuracy: 0.940 / validation accuracy: 0.960
step 126, training accuracy: 0.940 / validation accuracy: 0.960
step 127, training accuracy: 0.950 / validation accuracy: 0.960
step 128, training accuracy: 0.950 / validation accuracy: 0.960
step 129, training accuracy: 0.950 / validation accuracy: 0.960
step 130, training accuracy: 0.950 / validation accuracy: 0.960
step 131, training accuracy: 0.950 / validation accuracy: 0.960
step 132, training accuracy: 0.960 / validation accuracy: 0.960
step 133, training accuracy: 0.960 / validation accuracy: 0.960
step 134, training accuracy: 0.960 / validation accuracy: 0.960
step 135, training accuracy: 0.960 / validation accuracy: 0.960
step 136, training accuracy: 0.960 / validation accuracy: 0.960
step 137, training accuracy: 0.960 / validation accuracy: 0.960
step 138, training accuracy: 0.960 / validation accuracy: 0.960
step 139, training accuracy: 0.960 / validation accuracy: 0.960
step 140, training accuracy: 0.960 / validation accuracy: 0.960
step 141, training accuracy: 0.960 / validation accuracy: 0.960
step 142, training accuracy: 0.960 / validation accuracy: 0.960
step 143, training accuracy: 0.960 / validation accuracy: 0.960
step 144, training accuracy: 0.960 / validation accuracy: 0.960
step 145, training accuracy: 0.960 / validation accuracy: 0.960
step 146, training accuracy: 0.960 / validation accuracy: 0.960
step 147, training accuracy: 0.960 / validation accuracy: 0.960
step 148, training accuracy: 0.960 / validation accuracy: 0.960
step 149, training accuracy: 0.960 / validation accuracy: 0.960
step 150, training accuracy: 0.960 / validation accuracy: 0.960
step 151, training accuracy: 0.960 / validation accuracy: 0.960
step 152, training accuracy: 0.960 / validation accuracy: 0.960
step 153, training accuracy: 0.960 / validation accuracy: 0.960
step 154, training accuracy: 0.960 / validation accuracy: 0.960
step 155, training accuracy: 0.960 / validation accuracy: 0.960
step 156, training accuracy: 0.960 / validation accuracy: 0.960
step 157, training accuracy: 0.960 / validation accuracy: 0.960
step 158, training accuracy: 0.960 / validation accuracy: 0.960
step 159, training accuracy: 0.960 / validation accuracy: 0.960
step 160, training accuracy: 0.960 / validation accuracy: 0.960
step 161, training accuracy: 0.970 / validation accuracy: 0.960
step 162, training accuracy: 0.970 / validation accuracy: 0.960
step 163, training accuracy: 0.970 / validation accuracy: 0.960
step 164, training accuracy: 0.970 / validation accuracy: 0.960
step 165, training accuracy: 0.970 / validation accuracy: 0.960
step 166, training accuracy: 0.970 / validation accuracy: 0.960
step 167, training accuracy: 0.970 / validation accuracy: 0.960
step 168, training accuracy: 0.970 / validation accuracy: 0.960
step 169, training accuracy: 0.970 / validation accuracy: 0.960
step 170, training accuracy: 0.970 / validation accuracy: 0.960
step 171, training accuracy: 0.970 / validation accuracy: 0.960

Save & Load Parameters
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tmatplotlib inline
import tensorflow as tf
from tensorflow.examples.tutorials.mnist import input data

tf.reset default graph ()
def MLP():

# download the mnist data.
mnist = input data.read data sets ('MNIST data', one hot=True)



# placeholder is used for feeding data.

x = tf.placeholder ("float", shape=[None, 784], name = 'x') # none represents variable length of d
imension. 784 is the dimension of MNIST data.
y target = tf.placeholder ("float", shape=[None, 10], name = 'y target') # shape argument is optio

nal, but this is useful to debug.

# all the variables are allocated in GPU memory

Wl = tf.Variable (tf.zeros([784, 256]), name = 'Wl') # create (784 * 256) matrix
bl = tf.Variable (tf.zeros ([256]), name = 'bl') # create (1 * 256) vector
hl = tf.sigmoid (tf.matmul (x, W1l) + bl, name = 'hl'") # compute --> sigmoid(weighted summation)

# Repeat again

W2 = tf.Variable (tf.zeros ([256, 10]), name = 'W2') # create (256 * 10) matrix
b2 = tf.Variable (tf.zeros([10]), name = 'b2') # create (1 * 10) vector
y = tf.nn.softmax (tf.matmul (hl, W2) + b2, name = 'y') # compute classification --> softmax(weigh

ted summation)

# define the Loss function
cross_entropy = -tf.reduce sum(y target*tf.log(y), name = 'cross entropy')

# define optimization algorithm
train step = tf.train.GradientDescentOptimizer (0.01, name='GradientDescent') .minimize (cross_entro

py)

correct prediction = tf.equal (tf.argmax(y, 1), tf.argmax(y target, 1))

# correct prediction is list of boolean which is the result of comparing(model prediction , data)

accuracy = tf.reduce mean (tf.cast (correct prediction, "float"), name='accuracy')

# tf.cast() : changes true -> 1 / false -> 0

# tf.reduce mean() : calculate the mean

# Create Session

sess = tf.Session(config=tf.ConfigProto (gpu options=tf.GPUOptions (allow growth=True))) # open a s
ession which is a envrionment of computation graph.

sess.run (tf.initialize all variables())# initialize the variables

summary writer = tf.train.SummaryWriter ("/tmp/mlp", sess.graph)

# Create Directory

import os

if not os.path.exists ('Checkpoint'):
os.makedirs ('Checkpoint")

# Create Saver
saver = tf.train.Saver (max to_keep=11)
saver.restore (sess, os.path.join ('Checkpoint', "mlp-5000"))

# training the MLP
for i in range (5001): # minibatch iteraction
batch = mnist.train.next batch (100) # minibatch size
sess.run (train step, feed dict={x: batch[0], y target: batch[l]}) # placeholder's none length
is replaced by 1:i1+100 indexes

if 13500 ==
train accuracy = sess.run(accuracy, feed dict={x:batch[0], y target: batch[1]})
print ("step %d, training accuracy: %.3f£"%(i, train accuracy))

saver.save (sess, os.path.join('Checkpoint', "mlp") , global step=i)
# for given x, y target data set
print ("test accuracy: %g"% sess.run(accuracy, feed dict={x: mnist.test.images, y target: mnist.
test.labels}))

sess.close ()

MLP ()



In

[20]:

Extracting MNIST data/train-images-idx3-ubyte.gz
Extracting MNIST data/train-labels-idxl-ubyte.gz
Extracting MNIST data/tl0k-images-idx3-ubyte.gz
Extracting MNIST data/tl0k-labels-idxl-ubyte.gz

step
step
step
step
step
step
step
step
step
step
step
test
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.920
.960
.950
.960
.980
.950
.960
.970
.940

0, training accuracy: 0.990
500, training accuracy: 0.950
1000, training accuracy:
1500, training accuracy:
2000, training accuracy:
2500, training accuracy:
3000, training accuracy:
3500, training accuracy:
4000, training accuracy:
4500, training accuracy:
5000, training accuracy:
accuracy: 0.9409

Load Pre-defined Computation Graph and Trained Parameters
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smatplotlib inline

import tensorflow as tf
from tensorflow.examples.tutorials.mnist import input data
tf.reset default graph ()

sess =
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tf.Session (config=tf.ConfigProto (gpu_options=tf.GPUOptions (allow growth=True)))
on which is a envrionment of computation graph.
sess.run (tf.initialize all variables()) # initialize the variables

new saver = tf.train.import meta graph ('Checkpoint/mlp-0.meta')

new_saver.restore (sess,

'Checkpoint/mlp-500")

train_step = sess.graph.get operation by name ('GradientDescent')
s.graph.get tensor by name ('x:0"')

y target = sess.graph.get tensor by name ('y target:0'
accuracy = sess.graph.get tensor by name ('accuracy:0'

X

= ses

mnist =

input data.read data sets ('MNIST data',

# training the MLP

for i in range (5001):

bat

ate

ch = mnist.train.next batch (100)
sess.run(train_step,
replaced by 1:i+100 indexes

i%500 ==

train accuracy = sess.run (accuracy,
print ("step

feed dict={x:

# for given x, y target data set
print
.labels}))

sess.close ()

("test accuracy:

%g

no

sess.run (accuracy,

# minibatch iteraction

)
)

one hot=True)

# minibatch size
batch[0], y target: batch[1]}) # placeholder's none length is

Extracting MNIST data/train-images-idx3-ubyte.gz
Extracting MNIST data/train-labels-idxl-ubyte.gz
Extracting MNIST data/tl0k-images-idx3-ubyte.gz
Extracting MNIST data/tl0k-labels-idxl-ubyte.gz

step
step
step
step
step
step
step
step
step
step
step
test

0, training accuracy: 0.990

500,

1000,
1500,

2000,
2500,
3000,
3500,
4000,

4500,

5000,

training accuracy: 0.950

training
training
training
training
training
training
training
training
training

accuracy:
accuracy:
accuracy:
accuracy:
accuracy:
accuracy:
accuracy:
accuracy:
accuracy:

accuracy: 0.9417

TF learn
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.970
.960
.930
.960
.950
.970
.970
.970
.980
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+St0 WF=2H 28 0] DS 3tCH TensorFlowdl =

2l2= Ht= TF learn0| ULt 2& TF learn2
10 CHAIZELHON D1 =0l 24 El layerg RES RS EL

feed | dict={x:batch[0], y target: batch[1l
%d, training accuracy: %.3f"% (i,

train_accuracy))

1h

TooleE B ES ASHOL J2L AL HNES 20 =45t
0l218t wrapping 2t01E2{2/Jt & |
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# open a sessi

feed dict={x: mnist.test.images, y target: mnist.test
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https://github.com/tensorflow/tensorflow/tree/master/tensorflow/contrib/learn/python/learn
https://github.com/tensorflow/tensorflow/tree/r0.10/tensorflow/examples/skflow

Ol 0il= Ol TF learnS Ol Ecl 0Lt 2 D EZ MLPE 8 == U= X 2H=C.

import tensorflow.contrib.learn.python.learn as learn
from sklearn import datasets, metrics

iris = datasets.load iris()

feature columns = learn.infer real valued columns from input (iris.data)# Specify that all features ha
ve real-value data. This interprets all inputs as dense, fixed-length float values.

classifier = learn.DNNClassifier (feature columns=feature columns, hidden units=[100, 200, 100], n cla
sses=3)

classifier.fit (iris.data, iris.target, steps=500, batch size=32)

iris predictions = list(classifier.predict(iris.data, as_iterable=True))

score = metrics.accuracy score (iris.target, iris predictions)

print ("Accuracy: %f" % score)

WARNING:tensorflow:float64 is not supported by many models, consider casting to float32.
WARNING:tensorflow:float64 is not supported by many models, consider casting to float32.

WARNING: tensorflow:Using temporary folder as model directory: /tmp/tmpIanytd

WARNING: tensorflow:Using temporary folder as model directory: /tmp/tmpIanytd

WARNING: tensorflow:Using default config.

WARNING:tensorflow:Using default config.

WARNING:tensorflow:float64 is not supported by many models, consider casting to float32.
WARNING:tensorflow:float64 is not supported by many models, consider casting to float32.
WARNING:tensorflow:Setting feature info to TensorSignature (dtype=tf.float64, shape=TensorShape ([Dimensi
on (None), Dimension(4)]), is sparse=False)

WARNING: tensorflow:Setting feature info to TensorSignature (dtype=tf.float64, shape=TensorShape ([Dimensi
on (None), Dimension(4)]), is_sparse=False)

WARNING:tensorflow:Setting targets info to TensorSignature (dtype=tf.int64, shape=TensorShape ([Dimension
(None) ]), is_ sparse=False)

WARNING:tensorflow:Setting targets info to TensorSignature (dtype=tf.int64, shape=TensorShape ([Dimension
(None) ]), is_ sparse=False)

WARNING: tensorflow:float64 is not supported by many models, consider casting to float32.

WARNING: tensorflow:float64 is not supported by many models, consider casting to float32.

Accuracy: 0.946667

Part 2. Deep Reinforcement Learing

Deep Reinforcement Learning0l 2t, DI E2] 23850 A2l Q functionE E4 22 2AlGte 222 20IsHH HEECZ 1212
Deep Mind2| Atari2t AlphaGo & Al 0| Deep Reinforcement Learning S & 2| &tJt+X| 0| Ct.

Ol IE 0l M= Deep Reinforcement LearningS 0l Eoi A 2tEHet 2XHR AP S Sell0IGtL, rewardZ2 2H AAZ &&06t=
Kaparthy2| @LEAA I HE &Sl 2CF.
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(£ H: https://github.com/nivwusquorum/tensorflow-deepq)



https://github.com/tensorflow/tensorflow/tree/master/tensorflow/contrib/learn/python/learn
https://github.com/tensorflow/tensorflow/tree/r0.10/tensorflow/examples/skflow
https://github.com/nivwusquorum/tensorflow-deepq

Reinforcement Learning

Reinforcement Learning, 0I5t RLE supervised learningt &2l GIOIE 0l CHEt H=tet FE S X 410, LI & A=0l Ot reward
feedback Pt = &5 2 & 6t= 2102lS0IC0 015 Z23&50i2t REM, 01X S +86t= JHE HERQ 2NeE2Z Q-

Learning Ol RUCt.
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o State: AN AS 2 SHS2 /X, £&, H0to| )2l SS 20I&HC

o Action: H2 S Zd0Iots 22 =S O0ISHCH HIIAE 4IHXI 2k CHet S22 0] 0l 0l 8HE SHCH.

e Reward: 2= SdI0IGIHA &= score. HIIM= ZSEME HOH +1  WAMS HOH 12 B2 E=L

e Value: ol & action £ = statedt 0[2H0ll Z0tLE 2 reward JEME IOl CHSt D1Sdgt.

e Policy: =21 30| &2 H & StateOll M RewardE Z|CHEF 20| /o ActionS & &4
g2 2|0l &t

Environment Interaction(or Perception-Action Cycle) in Reinforcement Learning

fige
-

Agent

state reward action
§ i a,

s.. | Environment |-

I Y

Zatsts st50| CHE Hald e 28 (supervised learning, unsupervised learning)lt CHE Ot 2 €& S ot b2 S22 102 AAl
2O EE JI8E &5 2E0lct= E0IC 2osts2 MEX ststEE +s8oz RS e E 21e2lS01J] ol
CIE S-S0 HIdh 2Ct Ate =2 S22 &1 7 AFGHCE
Grid World
Al |By 3.3/8.8/4.4/53[15 —* "I" — “I" -
\
\ +5 15|3.0| 231905 )t |Jd|—]|«
w0l | B 0.1/07|07]0.4]-04 tt (g2
/ -1.0{-0.4/-0.4/-0.6-1.2 I P s
A'f -1.9-1.3(-1.2/-1.4-2.0 it

a) gridworld b) vV &) Ty

(£ X : Sutton, 1998, Reinforcement Learning: An Introduction)

State : 5x5

Action : 4280| S

Reward : A0l =6t +10, BOll =&ot2 +5, Sl £35S -1, 2012 0
Discounted Factor : 0.9

Discounted Factor



« Sum of future rewards (in episodic task)
= Gt := Rt+1 + Rt+2 + Rt+3 + ... + RT

« Sum of future rewards (in continuous task)

= Gt := Rt+1 + Rt+2 + Rt+3 + ... + RT + ...
Gt 2 =

« Sum of discounted future rewards (in both case)
-
> ~ _ 2 k
Ge=Rep1+ 7Ry + V' Ruyz+-+ = D Y Reyint
k=0

(y : discount rate , 0 <=y < 1)

Q table

state\action A F O D E I
A (- - - - 80 -]

B - - - &4 - 100

Q= o -~

D - 80 51 - 80 -

E 64 — — 64 — 100
F |- 80 — - 80 100

(£ X : http:/gruposagama.com/pages/q-learning.html)

Q Learning Algorithm

Initialize J(s, a) arbitrarily
Repeat (for each episode):
Initialize s
Repeat (for each step of episode):
Choose a from s using policy derived from @ (e.g., e-greedy)
Take action a, observe r, s’
Q(s,a) — Q(s,a) + a[?‘ + v max, Q(s',a") — Q(s,a)]

5 — &

until s is terminal

Qs @) < Q(sva) +at [r.s+y max Qs a)- Qs a))

| J | | ] J
T T T
The Nr?]\'g éfcdt]%gﬁ]/glue - 4+ The Learning Rate X ( The New Information = The Old Information )

(ZH : http://www.randomant.net/wp-content/uploads/2016/05/q_learning3.jpg)
(£X : http://people.revoledu.com/kardi/tutorial/Reinforcementl earning/Q-Learning-Example.htm)

Deep Reinforcement Learning : Q function -> Deep Learninig


http://gruposagama.com/pages/q-learning.html
http://www.randomant.net/wp-content/uploads/2016/05/q_learning3.jpg
http://people.revoledu.com/kardi/tutorial/ReinforcementLearning/Q-Learning-Example.htm

Tabular Q value function Deep neural network

hidden layer 1  hidden layer 2 hidden layer 3

input layer

state\action A B C D E F

A [- - - - 80 -]
B - - - 64 - 100
Q= ¢ - - - & - -
D - 8 51 - 80 -
E 64 - - 64 - 100
F |- 80 - - 80 100

Example of Deep Reinforcement Learning

i

Otchel GlHl REE AE#AIIID] M E 2Is2A shelltlA CHS2 HEHE Aol Z RSt python packageE & XI o OF&HCE.
# pip install future euclid redis

In [ ]: Smatplotlib inline
import tensorflow as tf
tf.reset default graph ()

from tf rl.controller import DiscreteDeepQ, HumanController
from tf rl.simulation import KarpathyGame

from tf rl import simulate

from tf rl.models import MLP

from _ future  import print_ function

Environment Settings

OlMl 2I0t |dt= Y &Z s dF6t0, HEE reward?t objecte JH+ X observation & £ & &HCt

In [2]: current settings = {

'objects': [
'friend',
'enemy',

]I

'colors': {
'hero': 'yellow',
'friend': 'green',
'enemy': 'red',

by

'object reward': {
'friend': 1,
'enemy': -1,

}l

"num_objects": {
'friend' : 25,
'enemy' : 25,

}l

'hero bounces off walls': False,
'world size': (700,500),

'hero initial position': [400, 300],

'hero initial speed': [o, 071,

"maximum speed" : [50, 5017,

"object radius": 10.0,

"num observation lines" : 32, # the number of antennas

"observation line length": 240., # the length of antennas

"tolerable distance to wall": 50,

"wall distance penalty": -0.0, # if the hero is close to wall, that receives penalty
"delta v": 50 # speed value

# create the game simulator
g = KarpathyGame (current settings)

Deep Learning Architecture

OlXl Q functionE 2Atot)| 918t Eeld RE S UHSHEX 018 HAMUAE oA SUAE 452l MLPE AFESHTH



In

In

In

[4]:

session = tf.InteractiveSession (config=tf.ConfigProto (gpu options=tf.GPUOptions (allow growth =True)))

journalist = tf.train.SummaryWriter ("/tmp/drl")
# Brain maps from observation to Q values for different actions.

# Here it 1s a done using a multi layer perceptron with 2 hidden layers
brain = MLP([g.observation_size,], [200, 200, g.num actions], [tf.tanh, tf.tanh, tf.identity])

Make an Agent

Ol Xl Discrete Deep Q learning 2112|550l 0| H S SdI0IGIHAN SHSE 6tES agent=2 €& S &t

# The optimizer to use. Here we use RMSProp as recommended by the publication
optimizer = tf.train.RMSPropOptimizer (learning rate= 0.001, decay=0.9)

# DiscreteDeepQ object

current controller = DiscreteDeepQ (g.observation size, g.num actions, brain, optimizer, session,
discount rate=0.99, exploration period=5000, max experience=10000,
store every nth=4, train every nth=4,
summary writer=journalist)

session.run(tf.initialize all variables())
session.run (current controller.target network update)
#journalist.add graph (session.graph def)

Play the Game
AM=Z ANLES SAO0ISHHAM 2350l 20lU= HES XHEXL

FPS = 30
ACTION EVERY = 3

fast_mode = True
if fast mode:

WAIT, VISUALIZE EVERY = False, 20
else:

WAIT, VISUALIZE EVERY = True, 1

try:
with tf.device ("/gpu:0"):
simulate (simulation=g,
controller=current controller,
fps=FPS,
visualize every=VISUALIZE EVERY,
action every=ACTION EVERY,
wait=WAIT,
disable training=False,
simulation resolution=0.001,
save_path=None)
except KeyboardInterrupt:
print ("Interrupted")

#session.close ()



fps = 105.9

nearest wall = 100.5

reward = 0.0

objects eaten => enemy: 458, friend: 1083

Interrupted

Applications
o Parameter S U3 0| enemyt friend2| Ji== Xt0IJF ZICHE 20| LH= 5 agentE &S AIH 2L,
* Boss objectS FJtoll 2LCt.
o Deep RLOJIA 2| tensorboardE & 0 Al visualizeZS ol 2 Ct.

* Open-source TensorFlow Implementation

Otch & 3= TensorFlowZ REEH SHE G LEAA IZ2NE
Cj

dAUE ZZHMEE clone, =Tot0 AISE 2L WEAIZE TN SH=E

tA Eeldh & HOIXISO0ICH 0I5 =12 ¢+

i
% o
1o

o

J

https://github.com/tensorflow/models : Syntax Net, Magenta, Image2Txt

https://github.com/TensorFlowKR/awesome_tensorflow_implementations

https://github.com/aikorea/awesome-rl
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https://github.com/tensorflow/models
https://github.com/TensorFlowKR/awesome_tensorflow_implementations
https://github.com/aikorea/awesome-rl

