Deep Learning Project 1

CNN & Data Augmentation Summary

Basic LeNet CNN

e LeNet architecture: 2 conv layers — 2 FC layers — output
o CIFAR dataset: 32x32 RGB images, 10 classes
o Standard CNN with convolution, pooling, fully connected layers

Data Augmentation Techniques

e Translation: +5 pixel random shifts

o Rotation: £20 degree random rotations

o Horizontal Flip: 50% probability

e Noise Injection: Gaussian/uniform noise (zero mean)

Advanced CNN Design

o Target: Achieve 80%+ accuracy on CIFAR

e Techniques: Batch normalization, dropout, ReLU, momentum optimization
o Regularization: L1/L2 penalties

e Architecture: Deeper network (5 FC layers vs 2)

Custom CNN Architecture

e Implement specific CNN design optimization
Skills Demonstrated

e Computer vision with CNNs

e Data augmentation

e Batch norm, dropout, momentum
e Performance optimization and regularization
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import numpy

import numpy as np

from math import floor

from random import randrange

import theano
import theano.tensor as T

from theano.tensor.signal import downsample

from hw3_utils import shared_dataset, load_data

from hw3_nn import LogisticRegression, HiddenLayer, LeNetConvPoolLayer, train_nn
from hw3_nn import drop, DropoutHiddenLayer

from hw3_nn import BatchNormalization

from hw3_nn import ConvLayer, PoolLayer

import matplotlib.pyplot as plt

from scipy.ndimage import shift

from scipy.ndimage import rotate

from numpy import fliplr

def test_lenet(/earning_rate=0.1, n_epochs=200, nkerns=[20, 501, batch_size=500):

rng = numpy.random.RandomState(23455)

datasets = load_data()




train_set_x, train_set_y = datasets[0]
valid_set_x, valid_set_y = datasets[1]

test_set_x, test_set_y = datasets[2]

n_train_batches = train_set_x.get_value( =True).shape[0]
n_valid_batches = valid_set_x.get_value( ~True).shape[0]
n_test_batches = test_set_x.get_value( =True).shape[0]
n_train_batches //= batch_size

n_valid_batches //= batch_size

n_test_batches //= batch_size

index = T.Iscalar()

x = T.matrix('x")

y = T.ivector('y")

(... building the model')

layerO_input = x.reshape((batch_size, 3, 32, 32))

layer0 = LeNetConvPoolLayer(
rng,

=layerQ_input,




=(batch_size, 3, 32, 32),
=(nkerns[0], 3, 3, 3),
=(2, 2)

layer1 = LeNetConvPoolLayer(
rng,
=layer0.output,
=(batch_size, nkerns[0], 15, 15),
=(nkerns[1], nkerns[0], 3, 3),
=(2, 2)

layer2_input = layer1.output.flatten(2)

layer2 = HiddenLayer(

rng,
=layer2_input,
=nkerns[1] * 6 * 6,
=4096,
=T.tanh

layer3 = HiddenLayer(
rng,
=layer2.output,

=4096,




layer4 = LogisticRegression( =layer3.output,

cost = layer4.negative_log_likelihood(y)

test_model = theano.function(
[index],
layer4.errors(y),
=
x: test_set_x[index * batch_size: (index + 1) * batch_size],

y: test_set_y[index * batch_size: (index + 1) * batch_size]

validate_model = theano.function(
[index],
layer4.errors(y),
={
x: valid_set_x[index * batch_size: (index + 1) * batch_size],

y: valid_set_y[index * batch_size: (index + 1) * batch_size]

params = layer4.params + layer3.params + layer2.params + layer1.params + layer0.params

grads = T.grad(cost, params)




updates =
(param_i, param_i - learning_rate * grad_i)

for param_i, grad_i in zip(params, grads)

train_model = theano.function(
[index],
cost,
=updates,
=
x: train_set_x[index * batch_size: (index + 1) * batch_size],

y: train_set_y[index * batch_size: (index + 1) * batch_size]

train_nn(train_model, validate_model, test_ model,

n_train_batches, n_valid_batches, n_test_batches, n_epochs,

= True)

def translate_image( /mg ):
m = int(randrange(-5, 5))
n = int(randrange(-5, 5))

img_shift = shift( =img, =(-1*n, -1*m, 0))

return img_shift




def test_lenet_translation(/earning _rate=0.1, n_epochs=200, nkerns=[20, 50], batch_size=500):

rng = numpy.random.RandomState(23455)

ds_rate=None

datasets = load_data( =ds_rate,

train_set_x, train_set_y = datasets[0]
train_size = train_set_x.shape

n_train = train_size[0]

train_set_x_aug = np.empty(train_size)

"... Translating images'

foriin (n_train):

img = (np.reshape(train_set_x]i],(3,32,32))).transpose(1,2,0)

img_tran = translate_image(img)

train_set_x_aug[i] = np.reshape(img_tran.transpose(2,0,1),(3*32*32))

train_set_x = np.append(train_set_x, train_set_x_aug, =0)

train_set_y = np.append(train_set_y, train_set_y, =0)

datasets[0] = [train_set_x, train_set_y]

train_set_x, train_set_y = shared_dataset(datasets[0])
valid_set_x, valid_set_y = shared_dataset(datasets[1])

test_set_x, test_set_y = shared_dataset(datasets[2])

n_train_batches = train_set_x.get_value( =True).shape[0]
n_valid_batches = valid_set_x.get_value( ~True).shape[0]

n_test_batches = test_set_x.get_value( =True).shape[0]




n_train_batches //= batch_size
n_valid_batches //= batch_size

n_test_batches //= batch_size

index = T.Iscalar()

x = T.matrix('x")

y = T.ivector('y")

(... building the model')

layerO_input = x.reshape((batch_size, 3, 32, 32))

layer0O = LeNetConvPoolLayer(

rng,
=layer0_input,
=(batch_size, 3, 32, 32),
=(nkerns[0], 3, 3, 3),
=(2,2)




layer1 = LeNetConvPoolLayer(
rng,
=layer(.output,
=(batch_size, nkerns[0], 15, 15),
=(nkerns[1], nkerns[0], 3, 3),
=(2, 2)

layer2_input = layer1.output.flatten(2)

layer2 = HiddenLayer(
rng,
=layer2_input,
=nkerns[1] * 6 * 6,
=4096,
=T.tanh

layer3 = HiddenLayer(

rng,
=layer2.output,
=4096,
=512,
=T.tanh

layer4 = LogisticRegression( =layer3.output,

=512,




cost = layer4.negative_log_likelihood(y)

test_model = theano.function(
[index],
layer4.errors(y),
={
x: test_set_x[index * batch_size: (index + 1) * batch_size],

y: test_set_y[index * batch_size: (index + 1) * batch_size]

validate_model = theano.function(
[index],
layer4.errors(y),
=
x: valid_set_x[index * batch_size: (index + 1) * batch_size],

y: valid_set_y[index * batch_size: (index + 1) * batch_size]

params = layer4.params + layer3.params + layer2.params + layer1.params + layerQO.params

grads = T.grad(cost, params)

updates =
(param_i, param_i - learning_rate * grad_i)

for param_i, grad_i in zip(params, grads)




train_model = theano.function(
[index],
cost,
=updates,
={
x: train_set_x[index * batch_size: (index + 1) * batch_size],

y: train_set_y[index * batch_size: (index + 1) * batch_size]

train_nn(train_model, validate_model, test_model,
n_train_batches, n_valid_batches, n_test_batches, n_epochs,

= True)

def rotate_image( /img ):

img_shape = img.shape

angle = randrange(-20, 20)

img_rotate = rotate( =img, =angle)

rot_shape = img_rotate.shape

x = int(floor(rot_shape[0]/2)) (floor(img_shape[0]/2))
y = int(floor(rot_shape[1]/2)) (floor(img_shape[1]/2))

img_rotate = img_rotate[x:x+img_shape[0],y:y+img_shape[1],:]

return img_rotate

def test_lenet_rotation(/earning_rate=0.1, n_epochs=200, nkerns=[20, 50], bafch_size=500):




rng = numpy.random.RandomState(23455)

ds_rate=None

datasets = load_data( =ds_rate,

train_set_x, train_set_y = datasets[0]
train_size = train_set_x.shape

n_train = train_size[0]

train_set_x_aug = np.empty(train_size)

"... Rotating images'

foriin (n_train):

img = (np.reshape(train_set_x{i],(3,32,32))).transpose(1,2,0)

img_tran = rotate_image(img)

train_set_x_aug[i] = np.reshape(img_tran.transpose(2,0,1),(3*32*32))

train_set_x = np.append(train_set_x, train_set_x_aug, =0)

train_set_y = np.append(train_set_y, train_set_y, =)}

datasets[0] = [train_set_x, train_set_y]

train_set_x, train_set_y = shared_dataset(datasets[0])

valid_set_x, valid_set_y = shared_dataset(datasets[1])

test_set_x, test_set_y = shared_dataset(datasets[2])

n_train_batches = train_set_x.get_value( =True).shape[0]

n_valid_batches = valid_set_x.get_value( =True).shape[0]

n_test_batches = test_set_x.get_value( =True).shape[0]

n_train_batches //= batch_size
n_valid_batches //= batch_size

n_test_batches //= batch_size




index = T.Iscalar()

x = T.matrix('x")

y = T.ivector('y")

(... building the model')

layerO_input = x.reshape((batch_size, 3, 32, 32))

layer0 = LeNetConvPoolLayer(
rng,
=layer0Q_input,

=(batch_size, 3, 32, 32),

=(nkerns[0], 3, 3, 3),
=(2, 2)

layer1 = LeNetConvPoolLayer(
rng,
=layer0.output,

=(batch_size, nkerns[0], 15, 15),




=(nkerns[1], nkerns[0], 3, 3),
=(2, 2)

layer2_input = layer1.output.flatten(2)

layer2 = HiddenLayer(
rng,
=layer2_input,
=nkerns[1] * 6 * 6,
=4096,
=T.tanh

layer3 = HiddenLayer(
rng,
=layer2.output,
=4096,
=512,
=T.tanh

layer4 = LogisticRegression( =layer3.output,

cost = layer4.negative_log_likelihood(y)

test_model = theano.function(

[index],

=512,




layer4.errors(y),

x: test_set_x[index * batch_size: (index + 1) * batch_size],

y: test_set_y[index * batch_size: (index + 1) * batch_size]

validate_model = theano.function(
[index],
layer4.errors(y),
=
x: valid_set_x[index * batch_size: (index + 1) * batch_size],

y: valid_set_y[index * batch_size: (index + 1) * batch_size]

params = layer4.params + layer3.params + layer2.params + layer1.params + layer0O.params

grads = T.grad(cost, params)

updates = |

(param_i, param_i - learning_rate * grad_i)

for param_i, grad_i in zip(params, grads)

train_model = theano.function(
[index],
cost,

=updates,




x: train_set_x[index * batch_size: (index + 1) * batch_size],

y: train_set_y[index * batch_size: (index + 1) * batch_size]

train_nn(train_model, validate_model, test_ model,
n_train_batches, n_valid_batches, n_test_batches, n_epochs,

= True)

def flip_image( img ):
k = np.random.uniform(/ow=0.0,
if k > 0.5:

img_flip = fliplr(img)

else:

img_flip = img

return img_flip

def test_lenet_flip(/earning_rate=0.1, n_epochs=200, nkerns=[20, 50], bafch_size=500):

rng = numpy.random.RandomState(23455)

ds_rate=None

datasets = load_data( —=ds_rate,




train_set_x, train_set_y = datasets[0]
train_size = train_set_x.shape

n_train = train_size[0]

train_set_x_aug = np.empty(train_size)

"... Fliping images'

foriin (n_train):
img = (np.reshape(train_set_x]i],(3,32,32))).transpose(1,2,0)
img_tran = flip_image(img)

train_set_x_augli] = np.reshape(img_tran.transpose(2,0,1),(3*32*32))

train_set_x = np.append(train_set_x, train_set_x_aug, =0)]

train_set_y = np.append(train_set_y, train_set_y, =0)]

datasets[0] = [train_set_x, train_set_y]

train_set_x, train_set_y = shared_dataset(datasets[0])
valid_set_x, valid_set_y = shared_dataset(datasets[1])

test_set_x, test_set_y = shared_dataset(datasets[2])

n_train_batches = train_set_x.get_value( =True).shape[0]
n_valid_batches = valid_set_x.get_value( =True).shape[0]
n_test_batches = test_set_x.get_valug( ~=True).shape[0]
n_train_batches //= batch_size

n_valid_batches //= batch_size

n_test_batches //= batch_size

index = T.Iscalar()

x = T.matrix('x")

y = T.ivector('y")




("... building the model')

layerO_input = x.reshape((batch_size, 3, 32, 32))

layer0O = LeNetConvPoolLayer(
rng,
=layerQ_input,
=(batch_size, 3, 32, 32),
=(nkerns[0], 3, 3, 3),
=(2, 2)

layer1 = LeNetConvPoolLayer(

rng,
=layer0.output,
=(batch_size, nkerns[0], 15, 15),
=(nkerns[1], nkerns[0], 3, 3),
=(2, 2)




layer2_input = layer1.output.flatten(2)

layer2 = HiddenLayer(
rng,
=layer2_input,
=nkerns[1] * 6 * 6,
=4096,
=T.tanh

layer3 = HiddenLayer(
rng,
=layer2.output,
=4096,
=512,
=T.tanh

layer4 = LogisticRegression( =layer3.output,

cost = layer4.negative_log_likelihood(y)

test_model = theano.function(

[index],
layer4.errors(y),
=
x: test_set_x[index * batch_size: (index + 1)

y: test_set_y[index * batch_size: (index + 1)

batch_size],

batch_size]




validate_model = theano.function(
[index],
layer4.errors(y),
={
x: valid_set_x[index * batch_size: (index + 1) * batch_size],

y: valid_set_y[index * batch_size: (index + 1) * batch_size]

params = layer4.params + layer3.params + layer2.params + layer1.params + layer0O.params

grads = T.grad(cost, params)

updates = [
(param_i, param_i - learning_rate * grad_i)

for param_i, grad_i in zip(params, grads)

train_model = theano.function(

[index],
cost,
=updates,
=
x: train_set_x[index * batch_size: (index + 1) * batch_size],

y: train_set_y[index * batch_size: (index + 1) * batch_size]




train_nn(train_model, validate_model, test_model,
n_train_batches, n_valid_batches, n_test_batches, n_epochs,

= True)

def noise_injection( /img ):

k = np.random.uniform(/ow=0.0, =1.0)
if k > 0.5:

img_noise = img + np.random.normal(/oc=0, =0.005, =img.shape)
else:

img_noise = img + np.random.uniform(/on=-0.005, =0.005, =img.shape)

return img_noise

def test_lenet_inject_noise_input(/earning_rate=0.1, n_epochs=200, nkerns=[20, 50], batch_size=500):

rng = numpy.random.RandomState(23455)

ds_rate=None

datasets = load_data( =ds_rate,
train_set_x, train_set_y = datasets[0]
valid_set_x, valid_set_y = datasets[1]

test_set_x, test_set_y = datasets[2]

train_size = train_set_x.shape




valid_size = valid_set_x.shape
test_size = test_set_x.shape
n_train = train_size[0]

n_valid = valid_size[0]

n_test = test_size[0]
train_set_x_aug = np.empty(train_size)
valid_set_x_aug = np.empty(valid_size)

test_set_x_aug = np.empty(test_size)

"... Ennoising images'

foriin (n_train):

img = (np.reshape(train_set_x{i],(3,32,32))).transpose(1,2,0)
img_tran = noise_injection(img)

train_set_x_aug[i] = np.reshape(img_tran.transpose(2,0,1),(3*32*32))

train_set_x = np.append(train_set_x, train_set_x_aug, =0)]

train_set_y = np.append(train_set_y, train_set_y, =)}

datasets[0] = [train_set_x, train_set_y]

train_set_x, train_set_y = shared_dataset(datasets[0])
valid_set_x, valid_set_y = shared_dataset(datasets[1])

test_set_x, test_set_y = shared_dataset(datasets[2])

n_train_batches = train_set_x.get_value( =True).shape[0]
n_valid_batches = valid_set_x.get_value( =True).shape[0]
n_test_batches = test_set_x.get_value( =True).shape[0]
n_train_batches //= batch_size

n_valid_batches //= batch_size

n_test_batches //= batch_size

index = T.Iscalar()




x = T.matrix('x")

y = T.ivector('y")

(... building the model')

layerO_input = x.reshape((batch_size, 3, 32, 32))

layer0 = LeNetConvPoolLayer(
rng,
=layerQ_input,
=(batch_size, 3, 32, 32),
=(nkerns[0], 3, 3, 3),
=(2,2)

layer1 = LeNetConvPoolLayer(

rng,
=layer0.output,
=(batch_size, nkerns[0], 15, 15),
=(nkerns[1], nkerns[0], 3, 3),
=(2, 2)




layer2_input = layer1.output.flatten(2)

layer2 = HiddenLayer(
rng,
=layer2_input,
=nkerns[1] * 6 * 6,
=4096,
=T.tanh

layer3 = HiddenLayer(
rng,
=layer2.output,
=4096,
=512,
=T.tanh

layer4 = LogisticRegression( =layer3.output,

cost = layer4.negative_log_likelihood(y)

test_model = theano.function(
[index],

layer4.errors(y),




x: test_set_x[index * batch_size: (index + 1) * batch_size],

y: test_set_y[index * batch_size: (index + 1) * batch_size]

validate_model = theano.function(
[index],
layer4.errors(y),
=
x: valid_set_x[index * batch_size: (index + 1) * batch_size],

y: valid_set_y[index * batch_size: (index + 1) * batch_size]

params = layer4.params + layer3.params + layer2.params + layer1.params + layer0.params

grads = T.grad(cost, params)

updates = [
(param_i, param_i - learning_rate * grad_i)

for param_i, grad_i in zip(params, grads)

train_model = theano.function(

[index],
cost,

=updates,

x: train_set_x[index * batch_size: (index + 1) * batch_size],

y: train_set_y[index * batch_size: (index + 1) * batch_size]




train_nn(train_model, validate_model, test_model,
n_train_batches, n_valid_batches, n_test_batches, n_epochs,

= True)

def MY _lenet(/earning_rate=0.1, n_epochs=200, nkerns=[20, 50], bafch_size=500, L1_reg=0.00, L2 _reg=0.0001):

rng = numpy.random.RandomState(23455)

ds_rate=None

datasets = load_data( —=ds_rate,

train_set_x, train_set_y = datasets[0]
train_size = train_set_x.shape

n_train = train_size[0]

print "... Translating images'

train_set_x_tran = np.empty(train_size)

for i in range(n_train):
img = (np.reshape(train_set_x{i],(3,32,32))).transpose(1,2,0)
img_tran = translate_image(img)

train_set_x_tran[i] = np.reshape(img_tran.transpose(2,0,1),(3*32*32))

print '... Rotating images'
train_set_x_rota = np.empty(train_size)

for i in range(n_train):




img = (np.reshape(train_set_x{i],(3,32,32))).transpose(1,2,0)
img_tran = rotate_image(img)

train_set_x_rota[i] = np.reshape(img_tran.transpose(2,0,1),(3*32*32))

"... Fliping images'
train_set_x_flip = np.empty(train_size)
foriin (n_train):
img = (np.reshape(train_set_x{i],(3,32,32))).transpose(1,2,0)
img_tran = flip_image(img)
train_set_x_flip[i] = np.reshape(img_tran.transpose(2,0,1),(3*32*32))
print ... Ennoising images'
train_set_x_nois = np.empty(train_size)
for i in range(n_train):
img = (np.reshape(train_set_x{i],(3,32,32))).transpose(1,2,0)

img_tran = noise_injection(img)

train_set_x_aug[i] = np.reshape(img_tran.transpose(2,0,1),(3*32*32))

train_set_x = np.concatenate((

train_set_x,

train_set_x_flip),

train_set_y = np.concatenate(

(train_set_y,

train_set_y),

datasets[0] = [train_set_x, train_set_y]

train_set_x, train_set_y = shared_dataset(datasets[0])




valid_set_x, valid_set_y = shared_dataset(datasets[1])

test_set_x, test_set_y = shared_dataset(datasets[2])

n_train_batches = train_set_x.get_value( =True).shape[0]
n_valid_batches = valid_set_x.get_value( ~=True).shape[0]
n_test_batches = test_set_x.get_value( =True).shape[0]
n_train_batches //= batch_size

n_valid_batches //= batch_size

n_test_batches //= batch_size

index = T.Iscalar()

x = T.matrix('x")

y = T.ivector('y")

training_enabled = T.iscalar('training_enabled')

(... building the model')

layerO_input = x.reshape((batch_size, 3, 32, 32))

layer0 = LeNetConvPoolLayer(
rng,

=layerQ_input,




=(batch_size, 3, 32, 32),
=(nkerns[0], 3, 3, 3),
=(2, 2)

layerbn = BatchNormalization(

=(batch_size, nkerns[0], 15, 15),

layerbn_output = layerbn.get_result(layer0.output)

layer1 = LeNetConvPoolLayer(
rng,
=layerbn_output,

=(batch_size, nkerns[0], 15, 15),

=(nkerns[1], nkerns[0], 3, 3),
=(2, 2)

layer2_input = layer1.output.flatten(2)

layer2 = DropoutHiddenLayer(

g,




=training_enabled,
=layer2_input,
=nkerns[1] * 6 * 6,
=4096,

=T.nnet.relu

layer3 = DropoutHiddenLayer(
rng,
=training_enabled,
=layer2.output,
=4096,
=2048,

=T.nnet.relu

layer4 = DropoutHiddenLayer(
rng,
=training_enabled,
=layer3.output,
=2048,
=1024,

=T.nnet.relu

layer5 = DropoutHiddenLayer(

rng,
=training_enabled,
=layer4.output,
=1024,
=512,

=T.nnet.relu




layer6 = LogisticRegression( =layer5.output, =512,

(layer2.W).sum()
(layer3.W).sum
(layer4.W).sum
(layer5.W).

(layer6.W).sum

L2_sqr = (
(layer2.W ** 2).sum()
layer3.W
layer4d. W

(
(
(layer5.W
(

layer6.W

cost = (
layer6.negative_log_likelihood(y)
L1_reg * L1
L2 reg * L2_sqr

test_model = theano.function(
[index],

layer6.errors(y),




x: test_set_x[index * batch_size: (index + 1) * batch_size],
y: test_set_y[index * batch_size: (index + 1) * batch_size],

training_enabled: numpy.cast['int32'(0)

validate_model = theano.function(
[index],
layer6.errors(y),
={
x: valid_set_x[index * batch_size: (index + 1) * batch_size],
y: valid_set_y[index * batch_size: (index + 1) * batch_size],

training_enabled: numpy.cast['int32'](0)

params = layer6.params + layer5.params + layer4.params + layer3.params + layer2.params + layer1.params

layer0.params

# create a list of gradients for all model parameters

grads = T.grad(cost, params)

# train_model is a function that updates the model parameters by
# SGD Since this model has many parameters, it would be tedious to
# manually create an update rule for each model parameter. We thus
# create the updates list by automatically looping over all
# (paramsii], grads]i]) pairs.
updates = [

(param_i, param_i - learning_rate * grad_i)

for param_i, grad_i in zip(params, grads)




momentum =theano.shared(numpy.cast[theano.config.floatX](0.5), ='momentum’)
updates =[]
for param in params:
param_update = theano.shared(param.get_value()*numpy.cast[theano.config.floatX](0.))
updates.append((param, param - learning_rate*param_update))
updates.append(
(param_update,

momentum*param_update + (numpy.cast[theano.config.floatX](1.) - momentum)*T.grad(cost, param))

train_model = theano.function(
[index],
cost,
=updates,
={
x: train_set_x[index * batch_size: (index + 1) * batch_size],
y: train_set_y[index * batch_size: (index + 1) * batch_size],

training_enabled: numpy.cast['int32'](1)

train_nn(train_model, validate_model, test_model,

n_train_batches, n_valid_batches, n_test_batches, n_epochs,

=True)




def MY_CNN():
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