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* GPU (optional)
* NVIDIA CUDA
* Tensorflow with GPU support
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Backward Pass(1)
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Backward Pass(2)
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Backward Pass(3)
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Hidden layer with ReLU&RelLLU6
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Without Hidden Layer

Performance:0.917

# Import data
from tensorflow.examples.tutorials.mnist import input_data

import tensorflow as tf

flags tf.app.flags
FLAGS = flags.FLAGS

flags.DEFINE_string('data_dir', '/tmp/data/', 'Directory for storing data')

mnist = input_data.read_data_sets(FLAGS.data dir, one_hot=True)
sess = tf.InteractiveSession()

Create the model I
= tf.placeholder(tf.float32, [None, 784])
tf.Variable(tf.zeros([784, 10]))
tf.variable(tf.zeros([10]))
tf.nn.softmax(tf.matmul(x, W) + b)

% N U SX %
I

Define loss and optimizer
y_ = tf.placeholder(tf.float32, [None, 10])

cross_entropy = tf.reduce mean(-tf.reduce_sum(y_ * tf.log(y), reduction_indices=[1]))
train_step = tf.train.GradientDescentOptimizer(0.5).minimize(cross_entropy)

# Train

tf.initialize_all_variables().run()

for i in range(1000):
batch xs, batch_ys = mnist.train.next_batch(100)
train step.run({x: batch_xs, y_: batch_ys})

# Test trained model

correct_prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y_, 1))
accuracy = tf.reduce mean(tf.cast(correct_ prediction, tf.float32))
print(accuracy.eval({x: mnist.test.images, y_: mnist.test.labels}))

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.gz
Extracting /tmp/data/tl0k-images-idx3-ubyte.gz
Extracting /tmp/data/tl0k-labels-idxl-ubyte.gz
0.917
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One Hidden Layer

Performance:0.9831
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# Import data
from tensorflow.examples.tutorials.mnist import input_data

import tensorflow as tf

flags = tf.app.flags
FLAGS = flags.FLAGS
flags.DEFINE string('data_dir', '/tmp/data/', 'Directory for storing data')

mnist = input_data.read_data_sets(FLAGS.data_dir, one_hot=True)
sess = tf.InteractiveSession()

# Create the model

x = tf.placeholder(tf.float32, [None, 784])

Wl = tf.variable(tf.random normal([784, 900],stddev=0.01))

bl = tf.vVariable(tf.random normal([900],stddev=0.01)) I

x2 = tf.nn.relu(tf.matmul(x, Wl) + bl)

W2 = tf.variable(tf.random normal([900, 10),stddev=0.01))

b2 = tf.variable(tf.random normal([10],stddev=0.01))

y = tf.nn.softmax(tf.matmul(x2, W2) + b2)

# Define loss and optimizer

y_ = tf.placeholder(tf.float32, [None, 10])

cross_entropy = tf.reduce mean(-tf.reduce sum(y * tf.log(y), reduction_indices=[1]))
train_step = tf.train.GradientDescentOptimizer(0.5).minimize(cross_entropy)

# Train

tf.initialize_all_variables().run()

for i in range(10000):
batch_xs, batch_ys = mnist.train.next_batch(100)
train_step.run({x: batch_xs, y_ : batch_ys})

# Test trained model

correct_prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y_, 1))
accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))
print(accuracy.eval({x: mnist.test.images, y_: mnist.test.labels}))

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.gz
Extracting /tmp/data/tl0k-images-idx3-ubyte.gz
Extracting /tmp/data/tl0k-labels-idxl-ubyte.gz
0.9831
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# Create the model

x = tf.placeholder(tf.float32, [None, 784])

Wl = tf.Variable(tf.random normal([784, 441],stddev=0.01))
bl = tf.vVariable(tf.random normal([441],stddev=0.01))

X2 = tf.nn.relu6|tf.matmul(x, Wl) + bl

W2 = tf.vVariable(tf.random normal([441, 10],stddev=0.01))

One Hidden Layer b2 = tf.Variable(tf.random normal([10],stddev=0.01))

y = tf.nn.softmax(tf.matmul (x2, W2) + b2)

(Wlth Re I_U 6) # Define loss and optimizer

y = tf.placeholder(tf.float32, [None, 10])
cross_entropy = tf.reduce mean(-tf.reduce sum(y * tf.log(y), reduction indices=[1]))
train step = tf.train.GradientDescentOptimizer(0.5).minimize(cross entropy)

# Train

tf.initialize all variables().run()

for i in range(10000):
batch xs, batch ys = mnist.train.next batch(100)
train step.run({x: batch xs, y : batch ys})

# Test trained model
correct prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y , 1))

Performa nceoo 9817 accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))

print(accuracy.eval({x: mnist.test.images, y : mnist.test.labels}))

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.gz
Extracting /tmp/data/tl0k-images-idx3-ubyte.gz
Extracting /tmp/data/tl0k-labels-idxl-ubyte.gz
0.9817



import tensorflow as tf

flags = tf.app.flags

FLAGS = flags.FLAGS

flags.DEFINE_string('data_dir', '/tmp/data/', 'Directory for storing data')

mnist = input_data.read_data_sets(FLAGS.data_dir, one_hot=True)

Two Hidden Layer ... -« zcerecivesessiono

# Create the model

[ ]
Wlth ReLl '6 x = tf.placeholder(tf.float32, [None, 784])
Wl = tf.variable(tf.random normal([784, 625],stddev=0.01))

bl = tf.vVariable(tf.random normal([625],stddev=0.01))

x2 = tf.nn.relu6(tf.matmul(x, W1l) + bl)

W2 = tf.vVariable(tf.random normal([625, 441],stddev=0.01))
b2 = tf.variable(tf.random normal([441],stddev=0.01))

x3 = tf.nn.relu6(tf.matmul(x2, W2) + b2)

W3 = tf.variable(tf.random normal([441l, 10],stddev=0.01))

b3 = tf.Variable(tf.random normal([10],stddev=0.01))

y = tf.nn.softmax(tf.matmul(x3, W3) + b3)

# Define loss and optimizer

y_ = tf.placeholder(tf.float32, [None, 10])

cross_entropy = tf.reduce_mean(-tf.reduce_sum(y_* tf.log(y), reduction_indices=[1]))
train_step = tf.train.GradientDescentOptimizer(0.5).minimize(cross_entropy)

# Train
tf.initialize all variables().run()
Performance:\J « for i in range(10000):

batch xs, batch_ys = mnist.train.next_batch(100)
train_ step.run({x: batch xs, y : batch_ys})

# Test trained model

correct_prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y_, 1))
accuracy = tf.reduce mean(tf.cast(correct_prediction, tf.float32))
print(accuracy.eval({x: mnist.test.images, y_ : mnist.test.labels}))

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

Extracting /tmp/data/tl0k-labels-idxl-ubyte.gz

0.985



Three Hidden Layer
(With RelLU®6)

Performance:0.9847

# Create the model

x=
Wl =
bl =
x2
w2
b2
x3
w3
b3
x4 =
w4
bd =
y =

tf.placeholder(tf.float32,
tf.variable(tf.
tf.Variable(tf.
tf.nn.relu6b(tf.
tf.vVariable(tf.
tf.Variable(t£.
tf.nn.relub(tf.
tf.variable(tf.
tf.variable(tf.
tf.nn.relub(tf.
tf.variable(tf.
tf.vVariable(tf.
tf.nn.softmax(tf.matmul (x4, W4) + b4d)

[None, 784])

random normal([784, 612],stddev=0.01))
random normal([612],stddev=0.01))
matmul(x, W1l) + bl)

random normal([612, 466],stddev=0.01))
random normal([466],stddev=0.01))
matmul(x2, W2) + b2)

random normal([466, 211],stddev=0.01))
random normal([211],stddev=0.01))
matmul (x3, W3) + b3)

random normal([211, 10],stddev=0.01))
random normal([10],stddev=0.01))

# Define loss and optimizer

Y_=

tf.placeholder(tf.float32,
cross_entropy = tf.reduce mean(-tf.reduce sum(y * tf.log(y), reduction indices=
train step = tf.train.GradientDescentOptimizer(0.5).minimize(cross_entropy)

# Train
tf.initialize all variables().run
for i in range(10000):

batch xs, batch ys

[None, 10])

= mnist.train.next batch(100)

train step.run({x: batch xs, y : batch ys})

# Test trained model

correct prediction

tf.equal(tf.argmax(y,

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.gz
Extracting /tmp/data/tl0k-images-idx3-ubyte.gz
Extracting /tmp/data/tl0k-labels-idxl-ubyte.gz
0.9847

1), tf.argmax(y ,
accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))

print (accuracy.eval({x: mnist.test.images, y : mnist.test.labels}))



# Create the model
X = tf.placeholder(tf.float32, [None, 784])
Wl = tf.vVariable(tf.random normal([784, 629],stddev=0.01))

bl = tf.vVariable(tf.random normal([629],stddev=0.01))
x2 = tf.nn.relub6(tf.matmul (x, W1) + bl)
W2 = tf.vVariable(tf.random normal([629, 474],stddev=0.01))

tf.vVariable(tf.random normal([474],stddev=0.01))
tf.nn.relu6(tf.matmul (x2, W2) + b2)
tf.vVariable(tf.random normal([474, 319],stddev=0.01))
tf.vVariable(tf.random normal([319],stddev=0.01))
tf.nn.relub6(tf.matmul (x3, W3) + b3)
tf.vVariable(tf.random normal([319, 164],stddev=0.01))
tf.vVariable(tf.random normal([164],stddev=0.01))

Four Hidden Layer =
(With ReLU6) :
10000 epoch e A

b5 = tf.Variable(tf.random normal([10],stddev=0.01))
y = tf.nn.softmax(tf.matmul (x5, W5) + b5)

= A = o =
U, = w w
mnonnonoumu

# Define loss and optimizer

y = tf.placeholder(tf.float32, [None, 10])

cross _entropy = tf.reduce mean(-tf.reduce sum(y * tf.log(y), reduction indices=[1]))
train_step = tf.train.GradientDescentOptimizer(0.5).minimize(cross_entropy)

# Train
tf.initialize all variables().run()
for i in range(10000):

Pe r‘fo r‘ m a n Ce : O . 9 8 2 batch xs, batch ys = mnist.train.next batch(100)

train step.run({x: batch xs, y : batch ys})

# Test trained model

correct prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y_, 1))
accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))
print (accuracy.eval({x: mnist.test.images, y : mnist.test.labels}))

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.gz
Extracting /tmp/data/tl0k-images-idx3-ubyte.gz
Extracting /tmp/data/tl0k-labels-idxl-ubyte.gz
0.9824



# Create the model

X = tf.placeholder(tf.float32, [None, 784])
Wl = tf.vVariable(tf.random normal([784, 629],stddev=0.01))
bl = tf.vVariable(tf.random normal([629],stddev=0.01))
X2 = tf.nn.relu6(tf.matmul (x, W1) + bl)
W2 = tf.vVariable(tf.random normal([629, 474],stddev=0.01))
. b2 = tf.vVariable(tf.random normal([474],stddev=0.01))
Four Hldden Layer X3 = tf.nn.relub(tf.matmul (x2, W2) + b2)
W3 = tf.variable(tf.random normal([474, 319],stddev=0.01))
° b3 = tf.Variable(tf.random normal([319],stddev=0.01))
(Wlth ReLUG) x4 = tf.nn.relu6(tf.matmul(x3, W3) + b3)
W4 = tf.Variable(tf.random normal([319, 164],stddev=0.01))
b4 = tf.vVariable(tf.random normal([164],stddev=0.01))
5000 epOCh x5 = tf.nn.relu6(tf.matmul (x4, W4) + b4)
W5 = tf.Variable(tf.random normal([164, 10],stddev=0.01))
b5 = tf.Variable(tf.random normal([10],stddev=0.01))
y = tf.nn.softmax(tf.matmul (x5, W5) + b5)

Performance:0.9772

# Define loss and optimizer
tf.placeholder(tf.float32, [None, 10])

Y_ =

cross_entropy = tf.reduce mean(-tf.reduce sum(y_ * tf.log(y), reduction indices=[1]))
train step = tf.train.GradientDescentOptimizer(0.5).minimize(cross_entropy)

# Train
tf.initialize all variables().run()
for i in range(5000):

batch xs, batch ys

= mnist.train.next batch(100)

train step.run({x: batch xs, y : batch ys})

# Test trained model

correct prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y , 1))
accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))
print(accuracy.eval({x: mnist.test.images, y : mnist.test.labels}))

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.gz
Extracting /tmp/data/tl0k-images-idx3-ubyte.gz
Extracting /tmp/data/tl0k-labels-idxl-ubyte.gz
0.9772



Hidden layer with Sigmoid



# Create the model
x = tf.placeholder(tf.float32, [None, 784])
Wl = tf.Variable(tf.random normal([784, 516],stddev=0.01))
tf.Variable(tf.random normal([516],stddev=0.01))

. X2 = tf.nn.sigmoid(tf.matmul(x, W1l) + bl)
TWO Hldden Layer W2 = tf.Variable(tf.random normal([516, 258],stddev=0.01))

= tf.Variable(tf.random normal([258],stddev=0.01))

tf.nn.sigmoid(tf.matmul (x2, W2) + b2)
tf.variable(tf.random normal([258, 10],stddev=0.01))
b3 = tf.Variable(tf.random normal([10],stddev=0.01))
vy = tf.nn.softmax(tf.matmul(x3, W3) + b3)

o)
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# Define loss and optimizer
y = tf.placeholder(tf.float32, [None, 10])
cross entropy = tf.reduce mean(-tf.reduce sum(y * tf.log(y), reduction indices=[1]))
train step = tf.train.GradientDescentOptimizer(0.5).minimize(cross_entropy)
Performance:0.9653 4 mrain
tf.initialize all variables().run()
for i in range(10000):
batch xs, batch ys = mnist.train.next batch(100)
train step.run({x: batch xs, y : batch ys})

# Test trained model

correct prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y , 1))
accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))
print(accuracy.eval({x: mnist.test.images, y : mnist.test.labels}))

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.gz
Extracting /tmp/data/tl10k-images-idx3-ubyte.gz
Extracting /tmp/data/tl10k-labels-idxl-ubyte.gz
0.9653



# Create the model
X = tf.placeholder(tf.float32, [None, 784])
Wl = tf.vVariable(tf.random normal([784, 580],stddev=0.01))
bl = tf.Variable(tf.random normal([580],stddev=0.01))
x2 = tf.nn.sigmoid(tf.matmul(x, W1l) + bl)
° W2 = tf.variable(tf.random normal([580, 386],stddev=0.01))
Th ree Hldden Layer b2 = tf.Variable(tf.random normal([386],stddev=0.01))
x3 = tf.nn.sigmoid(tf.matmul (x2, W2) + b2)
W3 = tf.variable(tf.random normal([386, 192],stddev=0.01))
b3 = tf.Variable(tf.random normal([192],stddev=0.01))
x4 = tf.nn.sigmoid(tf.matmul (x3, W3) + b3)
W4 = tf.vVariable(tf.random normal([192, 10],stddev=0.01))
b4 = tf.Variable(tf.random normal([10],stddev=0.01))
y = tf.nn.softmax(tf.matmul (x4, W4) + b4)

# Define loss and optimizer
y = tf.placeholder(tf.float32, [None, 10])

. cross_entropy = tf.reduce mean(-tf.reduce sum(y * tf.log(y), reduction indices=[1]))
Pe rfo r m a n Ce . O . 943 2 train step = tf.train.GradientDescentOptimizer(0.5).minimize(cross entropy)

# Train

tf.initialize all variables().run()

for i in range(10000):
batch xs, batch ys = mnist.train.next batch(100)
train step.run({x: batch xs, y : batch ys})

# Test trained model

correct prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y , 1))
accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))
print (accuracy.eval({x: mnist.test.images, y : mnist.test.labels}))

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.qgz
Extracting /tmp/data/tl10k-images-idx3-ubyte.gz
Extracting /tmp/data/tl0k-labels-idxl-ubyte.gz
0.9432



Hidden layer with Dropout



# Create the model

X = tf.placeholder(tf.float32, [None, 784])

Wl = tf.Variable(tf.random normal([784, 516],stddev=0.01))
bl = tf.Variable(tf.random normal([516],stddev=0.01))

X2 = tf.nn.dropout(tf.nn.relué6(tf.matmul(x, W1l) + bl), 0.33)
W2 = tf.vVariable(tf.random normal([516, 258],stddev=0.01))

TWO H i d d e n I_aye r b2 tf.Variable(tf.random normal([258],stddev=0.01))

x3 tf.nn.dropout(tf.nn.relub(tf.matmul(x2, W2) + b2), 0.33)
1 W3 tf.Variable(tf.random normal([258, 10],stddev=0.01
(With ReLU6) _ ap e - ( 18t )
b3 = tf.Variable(tf.random normal([10],stddev=0.01))
y = tf.nn.softmax(tf.matmul (x3, W3) + Db3)

# Define loss and optimizer

y = tf.placeholder(tf.float32, [None, 10])

cross_entropy = tf.reduce mean(-tf.reduce sum(y * tf.log(y), reduction indices=[1]))
train step = tf.train.GradientDescentOptimizer(0.03).minimize(cross entropy)

Performance:0.9472 o T

tf.initialize all variables().run()

for i in range(10000):
batch xs, batch ys = mnist.train.next batch(100)
train step.run({x: batch xs, y : batch ys})

# Test trained model

correct prediction = tf.equal(tf.argmax(y, 1), tf.argmax(y , 1))
accuracy = tf.reduce mean(tf.cast(correct prediction, tf.float32))
print (accuracy.eval({x: mnist.test.images, y : mnist.test.labels}))

Extracting /tmp/data/train-images-idx3-ubyte.gz
Extracting /tmp/data/train-labels-idxl-ubyte.gz
Extracting /tmp/data/tl0k-images-idx3-ubyte.gz
Extracting /tmp/data/tl10k-labels-idxl-ubyte.gz
0.9472



Result

Without Hidden Layer 0.917

One Hidden Layer 0.9831

One Hidden Layer(With ReLU6) 0.9817

Two Hidden Layer(With ReLU6) 0.985
Three Hidden Layer(With ReLU6) 0.9847

Four Hidden Layer(With ReLU6)10000 epoch 0.982
Four Hidden Layer(With ReLU6)5000 epoch 0.9772
Two Hidden Layer(Sigmoid) 0.9653

Three Hidden Layer(Sigmoid) 0.9432

Two Hidden Layer(Dropout with ReLU6) 0.9472
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