
Lab 1 
TensorFlow Basics

Sung Kim <hunkim+ml@gmail.com>



TensorFlow

• TensorFlow™ is an open source software library for 
numerical computation using data flow graphs.

• Python!

https://www.tensorflow.org/



What is a Data Flow Graph?

• Nodes in the graph 
represent mathematical 
operations

• Edges represent the 
multidimensional data arrays 
(tensors) communicated 
between them. 

https://www.tensorflow.org/



Installation

• install pip

• install TensorFlow

https://www.tensorflow.org/versions/r0.7/get_started/os_setup.html



Hello World!

https://github.com/aymericdamien/TensorFlow-Examples/



 Everything is operation!



 Everything is operation!



Basic operations

output:



Placeholder

output:



Lab 2 
Linear Regression

Sung Kim <hunkim+ml@gmail.com>



Hypothesis and cost function

H(x) = Wx+ b

cost(W, b) =
1

m

mX

i=1

(H(x(i))� y(i))2
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Placeholder

output:





Placeholder
…



Lab 3 
Minimizing Cost

Sung Kim <hunkim+ml@gmail.com>



Simplified hypothesis 
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Output when W=5



Output when W=-3



Lab 4 
Multi-variable linear regression

Sung Kim <hunkim+ml@gmail.com>



Multivariable example

x1 x2 y

1 0 1

0 2 2

3 0 3

0 4 4

5 0 5

H(x1, x2) = w1x1 + w2x2 + b



Multivariable example

x1 x2 y

1 0 1

0 2 2

3 0 3

0 4 4

5 0 5

H(x1, x2) = w1x1 + w2x2 + b





Matrix

w1x1 + w2x2 + w3x3 + ...+ wnxn



Matrix
w1x1 + w2x2 + w3x3 + ...+ wnxn





Hypothesis

H(X) = WX





Loading data from file
train.txt





Lab 5 
Logistic (regression) classifier

Sung Kim <hunkim+ml@gmail.com>



Logistic Regression 

H(X) =
1

1 + e�WTX
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Training Data



Ask to ML



Ask to ML

output:



Lab 6 
Softmax classifier

Sung Kim <hunkim+ml@gmail.com>



https://www.udacity.com/course/viewer#!/c-ud730/l-6370362152/m-6379811817

Softmax function



https://www.udacity.com/course/viewer#!/c-ud730/l-6370362152/m-6379811817



https://www.udacity.com/course/viewer#!/c-ud730/l-6370362152/m-6379811817



WX vs XW



Cost function





Test & one-hot encoding



Test & one-hot encoding



Lab 7 
Learning rate, Evaluation

Sung Kim <hunkim+ml@gmail.com>



Examples

• https://github.com/aymericdamien/TensorFlow-Examples

https://github.com/aymericdamien/TensorFlow-Examples


Learning rate



Learning rate



MNIST Dataset 

http://yann.lecun.com/exdb/mnist/



Reading data



Reading data and set variables



Activation (hypothesis) and cost



Training batch



Predict & Show





Evaluation



Evaluation



Lab 9-1 
NN for XOR

Sung Kim <hunkim+ml@gmail.com>



Data set



XOR with 
logistic regression?



XOR with 
logistic regression?



Does not work!



NN



NN for XOR



NN for XOR



Wide NN for XOR



Wide NN for XOR



Deep NN for XOR



Deep NN for XOR



Let’s go deep & wide!



Lab 9-2 
Tensorboard

Sung Kim <hunkim+ml@gmail.com>



Visualizing your Deep learning using 
TensorBoard (TensorFlow) 

Sung Kim <hunkim+ml@gmail.com>



TensorBoard: TF logging/debugging tool

• Visualize your TF graph

• Plot quantitative metrics

• Show additional data

https://www.tensorflow.org/versions/r0.7/how_tos/summaries_and_tensorboard/index.html



Old fashion: print, print, print



New way!



5 steps of using tensorboard

• From TF graph, decide which node you want to annotate
- with tf.name_scope("test") as scope: 
- tf.histogram_summary("weights", W), tf.scalar_summary(“accuracy", accuracy)

• Merge all summaries
- merged = tf.merge_all_summaries()

• Create writer
- writer = tf.train.SummaryWriter("/tmp/mnist_logs", sess.graph_def)

• Run summary merge and add_summary
- summary = sess.run(merged, …);    writer.add_summary(summary);

• Launch Tensorboard
- tensorboard --logdir=/tmp/mnist_logs



Name variables



Add scope for better graph hierarch 



Add histogram



Add scalar variables



Merge summaries and create writer 
after creating session



Run merged summary and write (add summary)

[merged, train]



Launch tensorboard

• tensorboard —logdir=/tmp/mnist_logs

• (You can navigate to http://0.0.0.0:6006)



Add scope for better graph hierarch 



Add scope for better graph hierarch 



Add histogram



Add scalar variables



5 steps of using tensorboard

• From TF graph, decide which node you want to annotate
- with tf.name_scope("test") as scope: 
- tf.histogram_summary("weights", W), tf.scalar_summary(“accuracy", accuracy)

• Merge all summaries
- merged = tf.merge_all_summaries()

• Create writer
- writer = tf.train.SummaryWriter("/tmp/mnist_logs", sess.graph_def)

• Run summary merge and add_summary
- summary = sess.run(merged, …);    writer.add_summary(summary);

• Launch Tensorboard
- tensorboard --logdir=/tmp/mnist_logs



Lab 10 
NN, ReLu, Xavier, Dropout, and Adam

Sung Kim <hunkim+ml@gmail.com>
http://hunkim.github.io/ml/



Examples

• https://github.com/aymericdamien/TensorFlow-Examples

https://github.com/aymericdamien/TensorFlow-Examples


Softmax classifier for MNIST



Epoch: 0001 cost= 1.174406660 
Epoch: 0002 cost= 0.661967539 
Epoch: 0003 cost= 0.550489192 
Epoch: 0004 cost= 0.496657414 
Epoch: 0005 cost= 0.463665792 
Epoch: 0006 cost= 0.440912077 
Epoch: 0007 cost= 0.423909424 
Epoch: 0008 cost= 0.410630655 
Epoch: 0009 cost= 0.399893884 
Epoch: 0010 cost= 0.390907963 
Epoch: 0011 cost= 0.383317497 
Epoch: 0012 cost= 0.376792131 
Epoch: 0013 cost= 0.371025368 
Epoch: 0014 cost= 0.365951805 
Epoch: 0015 cost= 0.361361689 
Epoch: 0016 cost= 0.357238019 
Epoch: 0017 cost= 0.353540161 
Epoch: 0018 cost= 0.350144092 
Epoch: 0019 cost= 0.347053342 
Epoch: 0020 cost= 0.344076798 
Epoch: 0021 cost= 0.341447881 
Epoch: 0022 cost= 0.339008725 
Epoch: 0023 cost= 0.336701365 
Epoch: 0024 cost= 0.334450486 
Epoch: 0025 cost= 0.332461696 
Optimization Finished! 
Accuracy: 0.9139

softmax classifier



Neural Nets (NN) for MNIST



Neural Nets (NN) for MNIST



Epoch: 0001 cost= 153.374492868 
Epoch: 0002 cost= 41.126819546 
Epoch: 0003 cost= 25.309642092 
Epoch: 0004 cost= 17.206465834 
Epoch: 0005 cost= 12.155490249 
Epoch: 0006 cost= 8.755095852 
Epoch: 0007 cost= 6.392030562 
Epoch: 0008 cost= 4.629136964 
Epoch: 0009 cost= 3.347306573 
Epoch: 0010 cost= 2.372126589 
Epoch: 0011 cost= 1.667233310 
Epoch: 0012 cost= 1.202339336 
Epoch: 0013 cost= 0.837206638 
Epoch: 0014 cost= 0.593220934 
Epoch: 0015 cost= 0.431912481 
Optimization Finished! 
Accuracy: 0.9446

Epoch: 0001 cost= 1.174406660 
Epoch: 0002 cost= 0.661967539 
Epoch: 0003 cost= 0.550489192 
Epoch: 0004 cost= 0.496657414 
Epoch: 0005 cost= 0.463665792 
Epoch: 0006 cost= 0.440912077 
Epoch: 0007 cost= 0.423909424 
Epoch: 0008 cost= 0.410630655 
Epoch: 0009 cost= 0.399893884 
Epoch: 0010 cost= 0.390907963 
Epoch: 0011 cost= 0.383317497 
Epoch: 0012 cost= 0.376792131 
Epoch: 0013 cost= 0.371025368 
Epoch: 0014 cost= 0.365951805 
Epoch: 0015 cost= 0.361361689 
Epoch: 0016 cost= 0.357238019 
Epoch: 0017 cost= 0.353540161 
Epoch: 0018 cost= 0.350144092 
Epoch: 0019 cost= 0.347053342 
Epoch: 0020 cost= 0.344076798 
Epoch: 0021 cost= 0.341447881 
Epoch: 0022 cost= 0.339008725 
Epoch: 0023 cost= 0.336701365 
Epoch: 0024 cost= 0.334450486 
Epoch: 0025 cost= 0.332461696 
Optimization Finished! 
Accuracy: 0.9139

softmax classifier NN



Xavier initialization

http://stackoverflow.com/questions/33640581/how-to-do-xavier-initialization-on-tensorflow



Epoch: 0001 cost= 153.374492868 
Epoch: 0002 cost= 41.126819546 
Epoch: 0003 cost= 25.309642092 
Epoch: 0004 cost= 17.206465834 
Epoch: 0005 cost= 12.155490249 
Epoch: 0006 cost= 8.755095852 
Epoch: 0007 cost= 6.392030562 
Epoch: 0008 cost= 4.629136964 
Epoch: 0009 cost= 3.347306573 
Epoch: 0010 cost= 2.372126589 
Epoch: 0011 cost= 1.667233310 
Epoch: 0012 cost= 1.202339336 
Epoch: 0013 cost= 0.837206638 
Epoch: 0014 cost= 0.593220934 
Epoch: 0015 cost= 0.431912481 
Optimization Finished! 
Accuracy: 0.9446

Epoch: 0001 cost= 0.330929694 
Epoch: 0002 cost= 0.110038888 
Epoch: 0003 cost= 0.067369296 
Epoch: 0004 cost= 0.045064388 
Epoch: 0005 cost= 0.031090851 
Epoch: 0006 cost= 0.022001974 
Epoch: 0007 cost= 0.016603567 
Epoch: 0008 cost= 0.011094349 
Epoch: 0009 cost= 0.008923969 
Epoch: 0010 cost= 0.007312808 
Epoch: 0011 cost= 0.006277084 
Epoch: 0012 cost= 0.004857574 
Epoch: 0013 cost= 0.004891470 
Epoch: 0014 cost= 0.004491583 
Epoch: 0015 cost= 0.003429245 
Optimization Finished! 
Accuracy: 0.9779

NN NN with 
xavier initialization



More deep & dropout



Epoch: 0001 cost= 0.330929694 
Epoch: 0002 cost= 0.110038888 
Epoch: 0003 cost= 0.067369296 
Epoch: 0004 cost= 0.045064388 
Epoch: 0005 cost= 0.031090851 
Epoch: 0006 cost= 0.022001974 
Epoch: 0007 cost= 0.016603567 
Epoch: 0008 cost= 0.011094349 
Epoch: 0009 cost= 0.008923969 
Epoch: 0010 cost= 0.007312808 
Epoch: 0011 cost= 0.006277084 
Epoch: 0012 cost= 0.004857574 
Epoch: 0013 cost= 0.004891470 
Epoch: 0014 cost= 0.004491583 
Epoch: 0015 cost= 0.003429245 
Optimization Finished! 
Accuracy: 0.9779

NN deep + dropout NN with 
xavier initialization

Epoch: 0001 cost= 0.584449715 
Epoch: 0002 cost= 0.215399251 
Epoch: 0003 cost= 0.160561109 
Epoch: 0004 cost= 0.132314345 
Epoch: 0005 cost= 0.114490116 
Epoch: 0006 cost= 0.103506013 
Epoch: 0007 cost= 0.095571726 
Epoch: 0008 cost= 0.084172901 
Epoch: 0009 cost= 0.079563179 
Epoch: 0010 cost= 0.073859323 
Epoch: 0011 cost= 0.071492671 
Epoch: 0012 cost= 0.066446339 
Epoch: 0013 cost= 0.061337474 
Epoch: 0014 cost= 0.058591939 
Epoch: 0015 cost= 0.055077895 
Optimization Finished! 
Accuracy: 0.9803



Optimizer



http://www.denizyuret.com/2015/03/alec-radfords-animations-for.html



ADAM: a method for stochastic optimization 
[Kingma et al. 2015]



Use Adam Optimizer



Lab summary

• Softmax VS Neural Nets for MNIST, 91.4% and 94.4%

• Xavier initialization: 97.8%

• Deep Neural Nets and Dropout: 98%

• Adam optimizer



Lab 11 
CNN

Sung Kim <hunkim+ml@gmail.com>
http://hunkim.github.io/ml/



https://github.com/nlintz/TensorFlow-Tutorials



CNN

http://parse.ele.tue.nl/cluster/2/CNNArchitecture.jpg



MNIST 28x28x1 image

32 filters (3x3x1)

Convolutional layers



28x28x1 image

32 filters (3x3x1)
w=tf.Variable(tf.random_normal([3,3,1,32], stddev=0.01))

Convolutional layers



28x28x1 image

32 filters (3x3x1)
w=tf.Variable(tf.random_normal([3,3,1,32], stddev=0.01))

Convolutional layers



28x28x1 image

32 filters (3x3x1)
activation maps 

(?,  ?,  32)

Convolutional layers



ReLU



Pooling layer (sampling)

conv  
layer

 l1 = tf.nn.max_pool(c1, ksize=[1, 2, 2, 1], 
         strides=[1, 2, 2, 1], padding='SAME')
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1 1 2 4

5 6 7 8

3 2 1 0

1 2 3 4

Single depth slice

x

y

max pool with 2x2 filters 
and stride 2 6 8

3 4

MAX POOLING



Pooling layer (sampling)

conv  
layer

 l1 = tf.nn.max_pool(c1, ksize=[1, 2, 2, 1], 
                        strides=[1, 2, 2, 1], padding='SAME')

28x28x32

? x ? x 32



Tensor("MaxPool:0", shape=(?, 14, 14, 32), dtype=float32)

Shape not sure? Print tensor

Tensor("Conv2D:0", shape=(?, 28, 28, 32), dtype=float32) 



X = trX.reshape(-1, 28, 28, 1)



X = trX.reshape(-1, 28, 28, 1)

dropout



CNN

http://parse.ele.tue.nl/cluster/2/CNNArchitecture.jpg



Fully connected net



cost and optimization 

https://www.tensorflow.org/versions/r0.8/api_docs/python/train.html#RMSPropOptimizer



Other TF optimizers 

https://www.tensorflow.org/versions/r0.8/api_docs/python/train.html#RMSPropOptimizer



Train and testing 



Train and testing 
0     128 

128   256 
256   384 
384   512



Train and testing 



https://github.com/nlintz/TensorFlow-Tutorials



Lab 12 
RNN

Sung Kim <hunkim+ml@gmail.com>
http://hunkim.github.io/ml/
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Character-level
language model
example

Vocabulary:
[h,e,l,o]

Example training
sequence:
“hello”



Creating rnn cell

# RNN model 
rnn_cell = rnn_cell.BasicRNNCell(rnn_size) 

rnn_cell = rnn_cell. BasicLSTMCell(rnn_size) 
rnn_cell = rnn_cell. GRUCell(rnn_size) 



Creating rnn cell

# RNN model 
rnn_cell = rnn_cell.BasicRNNCell(rnn_size) 

rnn_cell = rnn_cell. BasicLSTMCell(rnn_size) 
rnn_cell = rnn_cell. GRUCell(rnn_size) 



RNN in TensorFlow

# RNN model 
rnn_cell = rnn_cell.BasicRNNCell(4)

outputs, state = rnn.rnn(rnn_cell, X_split, state) 



outputs, state = rnn.rnn(rnn_cell, X_split, state)

[<tf.Tensor 'split:0' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'split:1' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'split:2' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'split:3' shape=(1, 4) dtype=float32>] 

[<tf.Tensor 'RNN/BasicRNNCell/Tanh:0' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'RNN/BasicRNNCell_1/Tanh:0' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'RNN/BasicRNNCell_2/Tanh:0' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'RNN/BasicRNNCell_3/Tanh:0' shape=(1, 4) dtype=float32>] 



outputs, state = rnn.rnn(rnn_cell, X_split, state)

[<tf.Tensor 'split:0' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'split:1' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'split:2' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'split:3' shape=(1, 4) dtype=float32>] 

[<tf.Tensor 'RNN/BasicRNNCell/Tanh:0' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'RNN/BasicRNNCell_1/Tanh:0' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'RNN/BasicRNNCell_2/Tanh:0' shape=(1, 4) dtype=float32>,  
<tf.Tensor 'RNN/BasicRNNCell_3/Tanh:0' shape=(1, 4) dtype=float32>] 
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Character-level
language model
example

Vocabulary:
[h,e,l,o]

Example training
sequence:
“hello”

x_data = np.array([ [1,0,0,0],  # h 
                                [0,1,0,0],  # e 
                               [0,0,1,0],  # l 

                                [0,0,1,0]],  # l 
                     dtype='f')



RNN in TensorFlow

# RNN model 
rnn_cell = rnn_cell.BasicRNNCell(rnn_size) 
state = tf.zeros([batch_size, rnn_cell.state_size]) 
X_split = tf.split(0, time_step_size, x_data) 
outputs, state = rnn.rnn(rnn_cell, X_split, state)



Cost

# logits: list of 2D Tensors of shape [batch_size x num_decoder_symbols]. 
# targets: list of 1D batch-sized int32 Tensors of the same length as logits. 
# weights: list of 1D batch-sized float-Tensors of the same length as logits. 
logits = tf.reshape(tf.concat(1, outputs), [-1, rnn_size]) 
targets = tf.reshape(sample[1:], [-1]) 
weights = tf.ones([time_step_size * batch_size]) 

loss = tf.nn.seq2seq.sequence_loss_by_example([logits], [targets], [weights]) 
cost = tf.reduce_sum(loss) / batch_size 
train_op = tf.train.RMSPropOptimizer(0.01, 0.9).minimize(cost)



Train & Prediction

# Launch the graph in a session 
with tf.Session() as sess: 
    # you need to initialize all variables 
    tf.initialize_all_variables().run() 
    for i in range(100): 
        sess.run(train_op) 
        result = sess.run(tf.arg_max(logits, 1)) 
        print (result, [char_rdic[t] for t in result])



import tensorflow as tf 
from tensorflow.models.rnn import rnn, rnn_cell 
import numpy as np 

char_rdic = ['h','e','l','o']  # id -> char 
char_dic = {w: i for i, w in enumerate(char_rdic)}  # char -> id 
x_data = np.array([ [1,0,0,0],  # h 
                    [0,1,0,0],  # e 
                    [0,0,1,0],  # l 
                    [0,0,1,0]],  # l 
                     dtype='f') 

sample = [char_dic[c] for c in "hello"] # to index 

# Configuration 
char_vocab_size = len(char_dic) 
rnn_size = char_vocab_size  # 1 hot coding (one of 4) 
time_step_size = 4  # 'hell' -> predict 'ello' 
batch_size = 1      # one sample 

# RNN model 
rnn_cell = rnn_cell.BasicRNNCell(rnn_size) 
state = tf.zeros([batch_size, rnn_cell.state_size]) 
X_split = tf.split(0, time_step_size, x_data) 
outputs, state = rnn.rnn(rnn_cell, X_split, state) 

# logits: list of 2D Tensors of shape [batch_size x num_decoder_symbols]. 
# targets: list of 1D batch-sized int32 Tensors of the same length as logits. 
# weights: list of 1D batch-sized float-Tensors of the same length as logits. 
logits = tf.reshape(tf.concat(1, outputs), [-1, rnn_size]) 
targets = tf.reshape(sample[1:], [-1]) 
weights = tf.ones([time_step_size * batch_size]) 

loss = tf.nn.seq2seq.sequence_loss_by_example([logits], [targets], [weights]) 
cost = tf.reduce_sum(loss) / batch_size 
train_op = tf.train.RMSPropOptimizer(0.01, 0.9).minimize(cost) 

# Launch the graph in a session 
with tf.Session() as sess: 
    # you need to initialize all variables 
    tf.initialize_all_variables().run() 
    for i in range(100): 
        sess.run(train_op) 
        result = sess.run(tf.arg_max(logits, 1)) 
        print (result, [char_rdic[t] for t in result]) 



Output 

(array([2, 0, 2, 1]), ['l', 'h', 'l', 'e']) 
(array([2, 0, 2, 1]), ['l', 'h', 'l', 'e']) 
(array([2, 0, 2, 1]), ['l', 'h', 'l', 'e']) 
(array([2, 0, 2, 1]), ['l', 'h', 'l', 'e']) 
(array([2, 0, 2, 1]), ['l', 'h', 'l', 'e']) 
(array([2, 0, 2, 1]), ['l', 'h', 'l', 'e']) 
(array([2, 2, 2, 3]), ['l', 'l', 'l', 'o']) 
(array([2, 2, 2, 3]), ['l', 'l', 'l', 'o']) 
(array([1, 2, 2, 3]), ['e', 'l', 'l', 'o']) 
(array([1, 2, 2, 3]), ['e', 'l', 'l', 'o']) 
(array([1, 2, 2, 3]), ['e', 'l', 'l', 'o']) 

        result = sess.run(tf.arg_max(logits, 1)) 
        print (result, [char_rdic[t] for t in result]) 



rnn_cell = rnn_cell.MultiRNNCell([one_cell] * depth)
one_cell = rnn_cell.BasicRNNCell(rnn_size) 



char-rnn





char/word rnn (char/word level n to n model)

https://github.com/sherjilozair/char-rnn-tensorflow

https://github.com/hunkim/word-rnn-tensorflow



bot.wpoem.com

http://bot.wpoem.com


Many to one

https://github.com/nlintz/TensorFlow-Tutorials/blob/master/7_lstm.py



RNN applications

• Language Modeling

• Speech Recognition

• Machine Translation

• Conversation Modeling/Question Answering

• Image/Video Captioning

• Image/Music/Dance Generation

http://jiwonkim.org/awesome-rnn/



TensorFlow GPU 
@AWS

Sung Kim <hunkim+ml@gmail.com>
http://hunkim.github.io/ml/



Deep Network

• Takes a long time for training
- Many forward/backward propagation and weight updates
- Many metrics multiplications

• Very quick for testing and use in practice
- One simple forward propagation 



GPU

• A graphics processing unit (GPU), also 
occasionally called visual processing 
unit (VPU), is a specialized electronic 
circuit designed to rapidly manipulate 
and alter memory to accelerate the 
creation of images in a frame buffer 
intended for output to a display.



GPU version

# Ubuntu/Linux 64-bit, GPU enabled, Python 2.7  
# Requires CUDA toolkit 7.5 and CuDNN v4. For other versions, see "Install from 
sources" below. 
$ export TF_BINARY_URL=https://storage.googleapis.com/tensorflow/linux/gpu/
tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl 

# Python 2 
$ sudo pip install --upgrade $TF_BINARY_URL 

https://storage.googleapis.com/tensorflow/linux/gpu/tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl
https://storage.googleapis.com/tensorflow/linux/gpu/tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl


http://solutionsreview.com/cloud-platforms/microsoft-beats-aws-google-on-cloud-storage-benchmark-test/





AWS GPU price in Oregon



EC2 Console: Oregon 



ubuntu,
GPU, 

12G or more



key to access the server



EC2: Create an instance



It’s ready to ssh!



Requires CUDA and CuDNN

# Ubuntu/Linux 64-bit, GPU enabled, Python 2.7  
# Requires CUDA toolkit 7.5 and CuDNN v4. For other versions, see "Install from 
sources" below. 
$ export TF_BINARY_URL=https://storage.googleapis.com/tensorflow/linux/gpu/
tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl 

# Python 2 
$ sudo pip install --upgrade $TF_BINARY_URL 

https://storage.googleapis.com/tensorflow/linux/gpu/tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl
https://storage.googleapis.com/tensorflow/linux/gpu/tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl


CUDA

http://tleyden.github.io/blog/2015/11/22/cuda-7-dot-5-on-aws-gpu-instance-running-ubuntu-14-dot-04/



cuDNN

https://no2147483647.wordpress.com/2016/01/16/setup-amazon-aws-gpu-instance-with-mxnet/



16 commends 
1 wget http://developer.download.nvidia.com/…/cuda-repo-ubuntu1404… 
2 sudo dpkg -i cuda-repo-ubuntu1404_7.5-18_amd64.deb 
3 sudo apt-get update 
4 sudo apt-get upgrade -y 
5 sudo apt-get install -y opencl-headers build-essential protobuf-compiler libprotoc-dev libboost-all-dev 
libleveldb-dev hdf5-tools libhdf5-serial-dev libopencv-core-dev libopencv-highgui-dev libsnappy-dev 
libsnappy1 libatlas-base-dev cmake libstdc++6-4.8-dbg libgoogle-glog0 libgoogle-glog-dev libgflags-dev 
liblmdb-dev git python-pip gfortran 
6 sudo apt-get clean 
7 sudo apt-get install -y linux-image-extra-`uname -r` linux-headers-`uname -r` linux-image-`uname -r` 
8 sudo apt-get install -y cuda 
9 nvidia-smi 
10 sudo apt-get install python-pip python-dev 
11 sudo pip install --upgrade https://storage.googleapis.com/…/tensorflow-0.8.0rc0-cp27-n… 
12 git clone https://github.com/nlintz/TensorFlow-Tutorials 
13 cd TensorFlow-Tutorials/ 
14 vi ~/.profile # add PATH, LD PATH 
15 source ~/.profile 
16 python 06_autoencoder.py



Add Path

• export PATH=/usr/local/cuda/bin:$PATH

• export LD_LIBRARY_PATH=/usr/local/cuda/lib64:$LD_LIBRARY_PATH



Requires CUDA and CuDNN

# Ubuntu/Linux 64-bit, GPU enabled, Python 2.7  
# Requires CUDA toolkit 7.5 and CuDNN v4. For other versions, see "Install from 
sources" below. 
$ export TF_BINARY_URL=https://storage.googleapis.com/tensorflow/linux/gpu/
tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl 

# Python 2 
$ sudo pip install --upgrade $TF_BINARY_URL 

https://storage.googleapis.com/tensorflow/linux/gpu/tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl
https://storage.googleapis.com/tensorflow/linux/gpu/tensorflow-0.9.0rc0-cp27-none-linux_x86_64.whl


Reuse ami-9e39dcf3 (N. Virginia)
      ami-38f60658 (oregon)

Perhaps, it will be unavailable when later CUDA versions are out.



Creating TensorFlow device (/gpu:0)





AWS GPU price in Oregon

2.6 * 24 * 30 = 1,872 USD



Spot instances



Spot instances



Price bidding



bill, bill, bill!



Check, stop, and terminate



Cloud Watch

http://docs.aws.amazon.com/AmazonCloudWatch/latest/DeveloperGuide/UsingAlarmActions.html#AddingStopActions



Stop when CPU utilization <= 0.3



Shutdown after training

$ screen

 

$ sudo -i 

# python train.py; shutdown -h now



Deep learning for Everyone 
Season 2 coming soon!

Sung Kim <hunkim+ml@gmail.com>
http://hunkim.github.io/ml/



TensorFlow GPU 
@AWS Spot Instances 

without losing data
+ 100 USD credit

Sung Kim <hunkim+ml@gmail.com>
http://hunkim.github.io/ml/

Consulted Channy Yun and DoHyun Jung 



GPU

• A graphics processing unit (GPU), also 
occasionally called visual processing 
unit (VPU), is a specialized electronic 
circuit designed to rapidly manipulate 
and alter memory to accelerate the 
creation of images in a frame buffer 
intended for output to a display.



AWS G2 and P2 Instances

GPU Memory 

4G (8G) 
 

4G (32G)



AWS G2 and P2 Instances

http://www.bitfusion.io/2016/11/03/quick-comparison-of-tensorflow-gpu-performance-on-aws-p2-and-g2-instances/



US EAST (N. Virginia) On-Demand Price



US EAST (N. Virginia) Spot Instance Price

VS 0.6
VS 2.8
VS 0.9
VS 7.2



On-Demand VS Spot Instances



Request spot instances and save $



Request spot instances and save $



Request spot instances ready (takes 2~3 min)



Work with screen

• ssh

• screen: open a new screen
- python train.py; ..; echo “Done” | mail -s “Finished” hunkim@gmail.com

- Ctrl-a d (to exit screen)

• screen -r: attach the screen  

mailto:hunkim@gmail.com


But spot instances can be terminated by AWS!



Solution: Spot Instance + EBS Volume

Automatic termination after finishing job! (save $)



Solution: Spot Instance + 
EBS Volume (do not delete on termination)

Automatic termination after finishing job! (save $)



Don’t delete the volume! 



Workflow

• Create a spot instance (from an AMI)
-Do not delete the main disk on termination

• Run TF tasks; sudo shutdown now
- run (in screen) and save results on the volume
- terminate the instance (save $)

• Create a (1) snapshot and (2) AMI from the leftover volume

• Create a new spot using the AMI
- Delete old AMIs



0. Create AMI - TF/Cuda

N. Virginia: ami-eb31c2fd (maybe outdated soon)

https://github.com/ritchieng/tensorflow-aws-ami
http://expressionflow.com/2016/10/09/installing-tensorflow-on-an-aws-ec2-p2-gpu-instance

https://github.com/ritchieng/tensorflow-aws-ami
http://expressionflow.com/2016/10/09/installing-tensorflow-on-an-aws-ec2-p2-gpu-instance


1.  Request spot instances using AMI



1.  Request spot instances using AMI



1.  Request spot instances: check price



1. Request spot instances: 
Don’t delete the volume! 



1.  Request spot instances: Success



2. Run TF (with screen) and enjoy!

• screen
- Start job: python3 ….py; sudo shutdown now
- python3 main.py --maxLength=80 | tee out.log; sudo shutdown now
- Ctrl-a d (exit the screen, but Job is going)

• Checking progress: screen -r
- Ctrl-a d (exit the screen)

• When the job is done, the instances will be terminated (save $)

• But the results will be in the volume



3. Spot Instance termination + EBS Volume

Automatic termination after finishing job! (save $)



4. Create snapshot from the volume 



5.Create AMI from the snapshot 



6. Create new spot instance using the AMI



GPU, GPU, GPU



Solution: Spot Instance + EBS Volume

Automatic termination after finishing job! (save $)



TensorFlow-KR 회원을 위한 AWS 크레딧 제공! 

http://bit.ly/awskr-feedback
딥러닝 연구및 학습 

 AWS 100달러 무료 크레딧 제공

등록하시면 패키지를 받으실 수 있는 URL 및 AWS 학습 정보를 이메일로 보내드립니다!


