LEARNING MADE EASY

TensorFlow

for © ®
dummies

A Wiley Brand

Matthew Scarpino







[~ ~

060

TensorFlow

by Matthew Scarpino

dummies
A Wiley Brand



TensorFlow® For Dummies®

Published by: John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030-5774, www.wiley.com
Copyright © 2018 by John Wiley & Sons, Inc., Hoboken, New Jersey

Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any
means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as permitted under Sections
107 or 108 of the 1976 United States Copyright Act, without the prior written permission of the Publisher. Requests to
the Publisher for permission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River
Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://www.wiley.com/go/permissions.

Trademarks: Wiley, For Dummies, the Dummies Man logo, Dummies.com, Making Everything Easier, and related
trade dress are trademarks or registered trademarks of John Wiley & Sons, Inc. and may not be used without written
permission. TensorFlow is a registered trademark of Google, LLC. All other trademarks are the property of their
respective owners. John Wiley & Sons, Inc. is not associated with any product or vendor mentioned in this book.

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: THE PUBLISHER AND THE AUTHOR MAKE NO
REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY OR COMPLETENESS OF THE CONTENTS
OF THIS WORK AND SPECIFICALLY DISCLAIM ALL WARRANTIES, INCLUDING WITHOUT LIMITATION WARRANTIES
OF FITNESS FOR A PARTICULAR PURPOSE. NO WARRANTY MAY BE CREATED OR EXTENDED BY SALES OR
PROMOTIONAL MATERIALS. THE ADVICE AND STRATEGIES CONTAINED HEREIN MAY NOT BE SUITABLE FOR
EVERY SITUATION. THIS WORK IS SOLD WITH THE UNDERSTANDING THAT THE PUBLISHER IS NOT ENGAGED
IN RENDERING LEGAL, ACCOUNTING, OR OTHER PROFESSIONAL SERVICES. IF PROFESSIONAL ASSISTANCE IS
REQUIRED, THE SERVICES OF A COMPETENT PROFESSIONAL PERSON SHOULD BE SOUGHT. NEITHER THE
PUBLISHER NOR THE AUTHOR SHALL BE LIABLE FOR DAMAGES ARISING HEREFROM. THE FACT THAT AN
ORGANIZATION OR WEBSITE IS REFERRED TO IN THIS WORK AS A CITATION AND/OR A POTENTIAL SOURCE OF
FURTHER INFORMATION DOES NOT MEAN THAT THE AUTHOR OR THE PUBLISHER ENDORSES THE INFORMATION
THE ORGANIZATION OR WEBSITE MAY PROVIDE OR RECOMMENDATIONS IT MAY MAKE. FURTHER, READERS
SHOULD BE AWARE THAT INTERNET WEBSITES LISTED IN THIS WORK MAY HAVE CHANGED OR DISAPPEARED
BETWEEN WHEN THIS WORK WAS WRITTEN AND WHEN IT IS READ.

For general information on our other products and services, please contact our Customer Care Department within
the U.S. at 877-762-2974, outside the U.S. at 317-572-3993, or fax 317-572-4002. For technical support, please visit
https://hub.wiley.com/community/support/dummies.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included with
standard print versions of this book may not be included in e-books or in print-on-demand. If this book refers to
media such as a CD or DVD that is not included in the version you purchased, you may download this material at
http://booksupport.wiley.com. For more information about Wiley products, visit www.wiley.com.

Library of Congress Control Number: 2018933981
ISBN 978-1-119-46621-5 (pbk); ISBN 978-1-119-46619-2 (ePub); 978-1-119-46620-8 (ePDF)
Manufactured in the United States of America

10 9 8 7 6 5 4 3 2 1


http://www.wiley.com
http://www.wiley.com/go/permissions
https://hub.wiley.com/community/support/dummies
http://booksupport.wiley.com
http://www.wiley.com

Contents at a Glance

Introduction.................. 1
Part 1: Getting to Know TensorFlow............................ 5
cHAPTER 1: Introducing Machine Learning with TensorFlow..................... 7
cHAPTER2: GettingYour FeetWet ... ..t i 17
cHAPTER 3: Creating Tensors and Operations ..........ccoveeeiiiiiiiinee... 27
CHAPTER 4: Executing Graphs in Sessions. ..., 45
CHAPTER5: THAINING. o oottt ettt e e e e e e 65
Part 2: Implementing Machine Learning..................... 97
cHapTER 6: Analyzing Data with Statistical Regression......................... 99
cHapTer 7: Introducing Neural Networks and Deep Learning ................. 117
cHapTer 8: Classifying Images with Convolutional

Neural Networks (CNNS) ..ot e e e e 149
cHAPTER 9: Analyzing Sequential Data with Recurrent

Neural Networks (RNNS) .. oot e e 179
Part 3: Simplifying and Accelerating TensorFlow .......... 199
CHAPTER 10: Accessing Data with Datasets and Iterators....................... 201
cHAPTER 11: Using Threads, Devices, and Clusters ..., 225
cHAPTER 12: Developing Applications with Estimators......................... 247
cHAPTER 13: Running Applications on the Google Cloud Platform (GCP) ......... 277
Part4:ThePartofTens..................................... 307
CHAPTER 14: The Ten Most Important Classes . .....covviiiin i 309
CHAPTER 15: Ten Recommendations for Training Neural Networks ............. 315






Table of Contents

INTRODUCTION ... e 1

About ThiS BOOK. ... ..o 1

Foolish ASSumptions. . ...t i e 2

lconsUsed inThiSBOOK .. ...t e 2

Beyond the BoOK. ... .ot 3

Whereto GofromHere ... 4

PART 1: GETTING TO KNOW TENSORFLOW.................. 5
caeera: INtroducing Machine Learning with

TensorFlow ... 7

Understanding Machine Learning ............. ... ... 7

The Development of Machine Learning. ..., 8

Statistical regression. ... ...t e 9

Reverse engineeringthebrain .............. . ... . ....... 10

SteadY PrOZIESS . vttt et e e 11

The computing revolution ........... . .. o i 12

The rise of big data and deep learning. . ...................... 12

Machine Learning Frameworks. . ....... .. ... oo it 13

TOrCh . 14

THEANO o 14

Caffe o 14

Keras . .o 15

TeNSOrFIOW . . .o 15

ciarrer2: Getting Your FeetWet ... 17

Installing TensorFlow . ... e 17

Pythonand pip/pip3 ... oo e 18

Installingon MacOS .. ... i e e 19

Installing ON LiNUX . ..o ottt e 20

Installing on WIiNdows. . . ...t i 20

Exploring the TensorFlow Installation ........................ ... 21

Running Your First Application ......... . ... oo i, 22

Exploringthe examplecode .......... .. ... . .. i it 23

Launching Hello TensorFlow!. ......... . ... oot 23

Settingthe Style. ... ... 24

Table of Contents A"/



vi

CHAPTER 3:

CHAPTER 4:

CHAPTER 5:

Creating Tensors and Operations .................... 27

Creating TeNSOIS « v vttt et et e et e e e 27
Creating Tensors with KnownValues................ ... ... .... 28
The constantfunction.......... ..o it 30
zeros,ones, and fill . ... 30
Creating SEQUENCES. . . vttt ettt e e 31
Creating Tensors with RandomValues ................... ... .... 31
Transforming TeNSOIS. . ..ottt e e 33
Creating Operations . ...ttt e e i 35
Basicmath operations ......... ... 35
Rounding and comparison. . .......oviiiiinne ... 37
Exponents and logarithms........ ... ... i ... 38
Vector and matrix operations . ... 39
Putting Theory into Practice. . .......oviiiinn i 42
Executing Graphs inSessions.......................... 45
Forming Graphs. . ... ..o 46
Accessinggraphdata ... 47
Creating GraphDefs. . ... ..o e 49
Creating and RUNNING S@SSIONS. . ..ottt 51
Creating SESSIONS. v\ttt e e 51
EXeCUting @ SeSSioN . ..ottt e 52
Interactive SESSIONS. . ...t 53
Writing Messagestothe Log ...t 54
Visualizing Data with TensorBoard. ........... ... iiiiinan. 56
Running TensorBoard. ...... ...t 57
Generatingsummarydata. ...t 57
Creating cCUStOM SUMMArIes . .....ovt ittt 59
Writingsummarydata ... 59
Putting Theory into Practice. . ..ot 62
Training. ... 65
Training in TensorFlow . ... ... o e 66
Formulatingthe Model......... ... .. i, 66
Looking atVariables . ....... ... o i 67
Creatingvariables .. ... .. 68
Initializing variables. . ... ... o 68
Determining LOSS . ..ottt 69
Minimizing Loss with Optimization.............. ... ooiiiian. 70
The Optimizer class. . ...ttt e 70
The GradientDescentOptimizer. . .......c.cooiiiiiiinnennn. .. 71
The MomentumOptimizer..... ...t 75
The AdagradOptimizer...... ..ot 76
The AdamOptimizer ... ... e 77

TensorFlow For Dummies



Feeding Data into @ SessSioN. . ...ttt 78

Creating placeholders. . ... 79
Defining the feed dictionary .......... ..., 79
StochastiCity . .. oo et 80
Monitoring Steps, Global Steps, and Epochs. ..................... 80
Saving and Restoring Variables. ......... ... . ... . o 82
Savingvariables. ... ... 82
Restoring variables . ....... ..o e 83
Working with SavedModels . ... ... i 84
SavingaSavedModel ........ ... i 85
LoadingaSavedModel ...... ..o e 86
Putting Theory into Practice. . ...t 86
Visualizing the Training Process .........cooviiiiiin e, 89
SesSSION HOOKS ..ot 90
Creating asession hooK . ......vviiiin it it 91
Creating a MonitoredSession ........c.ovviiiiin .. 93
Putting theory intopractice..........ooiviiiiiiiiinnnnn. 94
PART 2: IMPLEMENTING MACHINE LEARNING............. 97
ciarrere: Analyzing Data with Statistical Regression...... ... 99
Analyzing Systems Using Regression ............ccovviinennn.. 100
Linear Regression: Fitting LinestoData......................... 100
Polynomial Regression: Fitting PolynomialstoData .............. 103
Binary Logistic Regression: Classifying Data into
TWO Categories ..ottt e 105
Settinguptheproblem. ... ... ... i 105
Defining models with the logistic function ................... 106
Computing loss with maximum likelihood estimation ......... 107
Putting theory into practice. ... ... 108
Multinomial Logistic Regression: Classifying Data into
Multiple Categories. .. ..ottt e 110
The Modified National Institute of Science and
Technology (MNIST) Dataset ..o, 110
Defining the model with the softmax function................ 113
Computing loss with crossentropy ........ ..., 114
Putting theory into practice. ..., 115

CHAPTER 7:

Introducing Neural Networks and

DeeplLearning.........................coiiiiiii, 17
From Neurons to Perceptrons. . .........coviiiiniinnennn 117
NEUIONS .. 118
Perceptrons ..ot 119

Table of Contents vii



Improvingthe Model. ... ... .o i 121

Weights . o 121
Bias . 122
Activation functions. . ... .ot 123
Layersand Deep Learning........ooviiiineiiiinneiineennn. 127
LAY OIS et e 128
Deep learning. ...t 129
Training with Backpropagation............. ..o, 129
Implementing Deep Learning .........covviiiiiiiiiiii i 131
Tuning the Neural Network . ... i i 133
Input standardization...........coiviiiiiii i 134
Weight initialization. . ...... ... ..o i i 135
Batch normalization ....... ... .. i 136
Regularization ...t i i i 139
Managing Variables with Scope. . ....... ... ... o it 141
Variable SCoPe ..ot e 141
Retrieving variables from collections . ....................... 142
Scopes fornames andarguments ..o, 143
Improving the Deep Learning Process. .........ccovvivenneenn.. 143
Creatingtuned layers ........oviiin it 144
Putting theoryintopractice..........ooiviiviiniinnn... 145
cerers: Classifying Images with Convolutional
Neural Networks (CNNS).............................. 149
Filtering IMages . . .o vt 149
CoNVOIULION ot 150
Averaging Filter ... ... 151
Filtersand features. ... ... ..ot 152
Feature detection analogy .. .........oouiiniiiiinneinnn.. 153
Setting convolution parameters ...........ccoiiiiiiiinaaann. 153
Convolutional Neural Networks (CNNS). . ... vviviiiiien. .. 155
Creating convolution layers......... ..., 156
Creating poolinglayers. ... 158
Putting Theory into Practice. .. ...t 160
Processing CIFARIMAgeS ... .o ve i 160
Classifying CIFAR imagesincode ...........covviiinnnaen.. 162
Performing Image Operations. . ..........c.oiiiiiinneennnnn. 166
CoNVerting iMages. .« .o vttt e 166
COlOr ProCeSSING ottt et 169
Rotatingand mirroring. . ...t eiiin i 170
Resizing and cropping. ... ..o vet it 172
CoNVOIULION ot 174
Putting Theory into Practice. .. ... 175

viii TensorFlow For Dummies



caerero: Analyzing Sequential Data with Recurrent

Neural Networks (RNNS).............................. 179
Recurrent Neural Networks (RNNS) . ... ooivi i 180
RNNs and recursive functions. ......... ..., 181
Training RNNS ..o e e 182
Creating RNN Cells ... . e 183
CreatingabasicRNN ... ... i e 185
Predictingtext with RNNs. . ....... .. i 188
Creating multilayered cells. ......... .. oo i, 190
Creatingdynamic RNNS .. ... e 191
Long Short-Term Memory (LSTM)Cells .. ....... ... oo nnt. 192
Creating LSTMsincode .........coiiiniiiiniiiniiinennn. 194
Predicting text with LSTMs. ... ...t 196
Gated Recurrent Units (GRUS) . . .. oo oo v e 196
Creating GRUs INcode .......coviiiinn i 197
Predicting text with GRUS. .. ......coviiiii i 198

PART 3: SIMPLIFYING AND ACCELERATING
TENSORFLOW ..., 199
cuaerer 10: ACCessing Data with Datasets and Iterators. .. ... 201
Datasets ... e 201
Creating datasets. . ...ttt 202
Processing datasets. . ...t 208
EratorS e 213
One-shotiterators. . ... ..ot 213
Initializableiterators. ... ... 215
Reinitializable iterators. ... ... 216
Feedableiterators..... ..o 217
Putting Theory into Practice. . ..., 218
Bizarro Datasets . ...ttt e 221
Loading datafrom CSVfiles. ... ..., 222
Loading the Iris and Boston datasets. ....................... 223
cuaerer 11: Using Threads, Devices, and Clusters............... 225
Executing with Multiple Threads. ............ ... .. it 226
Configuring @a New SesSioN . .. ..ovut it 226
Configuring a running SessioN. . ......covvitiiineeeinneennn. 228
Configuring DeVICES . ...ttt 229
Building TensorFlow fromsource.............ccoovviiinn... 229
Assigning operationstodevices ............. ... 235
Configuring GPU USage. . ...ttt e 237

Table of Contents ix



X

CHAPTER 12:

CHAPTER 13:

Executing TensorFlowina Cluster ..., 238

Creatinga ClusterSpec . ... it 239
Creating a Server . ... e 240
Specifying jobsandtasks.......... ... i, 241
Running asimplecluster ........ ... ... 244
Developing Applications with Estimators.......... 247
Introducing EStimators. . ... ..ottt 248
Trainingan Estimator ... 248
Testingan Estimator. ... 250
Running an Estimator.............oiiiiiii i, 250
Creating Input Functions ...t 251
Configuringan Estimator.......... ... oo i 252
Using Feature Columns . ...t 253
Creating and Using Estimators . .........cooviinviin .. 256
LiNEar regreSSOrS. . vttt et e e 257
DNN classifiers. . ..o 260
Combined linear-DNN classifiers ...............o oot 262
Wide anddeeplearning.........oouviiiiiiiiiiiinn. 263
Analyzing census data. . . ..ot e 264
Running EstimatorsinaCluster ............ .. oiiviiivnon.. 269
Accessing Experiments. . ... i 270
Creatinganexperiment . ........c.iiniininnennenennn. 271
Methods of the experimentclass.................covvvun... 272
Running an experiment ...ttt eininnenennennn 273
Putting theory intopractice..........covviiniiin .. 274

Running Applications on the Google

Cloud Platform (GCP).......................cooiiinn, 277
OVRIVIBW. .ttt 278
Working with GCP projects. . .....ouuiiii i 278
CreatingaNnew project .. ...t i 279
BilliNg. .o 279
Accessing the machine learningengine...................... 280
The Cloud Software Development Kit (SDK) ............. ... ... 280
The gcloud Utility. . . .oo oot e 281
Google Cloud Storage. . ..o vv e 283
BUCKELS . . o 283
Objects and virtual hierarchy. ...... ... ..o i, 285
The gsutil Utility .. ..o oo 286
Preparing for Deployment. ... ...t 290
Receiving arguments. .. ....oii i 290
Packaging TensorFlow code. ....... ..., 291

TensorFlow For Dummies



Executing Applications with the Cloud SDK. . .................... 293

Local execution . .....oott i 294
Deployingtothecloud ...... ... 295

Configuring a ClusterintheCloud ............ ... ..ot 299

Setting the traininginput .. ........ . ... o i i 300

Obtaining the trainingoutput .. .......... ... oo, 303

Setting the predictioninput......... ..o, 304

Obtaining the predictionoutput............ccovviinn.. 305

PART4: THEPARTOFTENS...................i. 307
cuarrer 12: The Ten Most Important Classes..................... 309
TONSOr . e 309

(@7 o= =11 o o 310

Graph o 310

S S ON Lt e 311

Variable. .. ... o 311
OptiMIzZer o e 312
Estimator ... ... 312

Dataset . ... e 312

[terator ...t e 313

SV it e 313

CHAPTER 15:

Ten Recommendations for Training

Neural Networks ................................. 315
Select a Representative Dataset ..., 315
StandardizeYourData ... 316
Use Proper Weight Initialization . ........... ... i, 316
Start with a Small Number of Layers ......... ... .o, 316
Add Dropout Layers . ....ouu it e 317
Train with Small, Random Batches.............. ... . ... ... 317
Normalize BatchData. ...t 317
Try Different Optimization Algorithms.......................... 318
Setthe Right LearningRate ....... ...t i, 318
Check Weightsand Gradients ..., 318
............................................................. 319

Table of Contents xi






Introduction

achine learning is one of the most fascinating and most important fields

in modern technology. As I write this book, NASA has discovered faraway

planets by using machine learning to analyze telescope images. After
only three days of training, Google’s AlphaGo program learned the complex game
of Go and defeated the world’s foremost master.

Despite the power of machine learning, few programmers know how to take
advantage of it. Part of the problem is that writing machine learning applications
requires a different mindset than regular programming. The goal isn’t to solve a
specific problem, but to write a general application capable of solving many
unknown problems.

Machine learning draws from many different branches of mathematics, including
statistics, calculus, linear algebra, and optimization theory. Unfortunately, the
real world doesn’t feel any obligation to behave mathematically. Even if you use
the best mathematical models, you can still end up with lousy results. I’'ve encoun-
tered this frustration on many occasions, and I've referred to neural networks
more than once as “high-tech snake oil.”

TensorFlow won’t give you the ideal model for analyzing a system, but it will
reduce the time and frustration involved in machine learning development.
Instead of coding activation functions and normalization routines from scratch,
you can access the many built-in features of the framework. TensorFlow For
Dummies explains how to access these features and put them to use.

About This Book

TensorFlow is a difficult subject to write about. Not only does the toolset contain
thousands of classes, but many of them perform similar roles. Furthermore, some
classes are deprecated, while others are simply “not recommended for use.”

Despite the vast number of classes, there are three classes that every TensorFlow
developer should be familiar with: Tensor, Graph, and Session. The chapters in
the first part of this book discuss these classes in detail and present many
examples of their usage.
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The chapters in Part 2 explain how you can use TensorFlow in practical machine
learning tasks. I start with statistical methods, including linear regression, polyno-
mial regression, and logistic regression. Then I delve into the fascinating topic of
neural networks. I explore the operation of basic neural networks, and then I pres-
ent convolutional neural networks (CNNs) and recurrent neural networks (RNNs).

The chapters in Part 3 present high-level TensorFlow classes that you can use to
simplify and accelerate your applications. Of the many topics discussed, the most
important is the Estimator API, which allows you to implement powerful machine
learning algorithms with minimal code. I explain how to code estimators and exe-
cute them at high speed using the Google Cloud Platform (GCP).

Foolish Assumptions

In essence, this book covers two topics: the theory of machine learning and the
implementation of the theory using TensorFlow. With regard to theory, I make
few assumptions. I expect you to know the basics of linear algebra, but I don’t
expect you to know anything about machine learning. I also don’t expect you to
know about statistical regression or neural networks, so I provide a thorough
introduction to these and other concepts.

With regard to TensorFlow development, I made assumptions related to your pro-
gramming background. TensorFlow supports a handful of programming lan-
guages, but the central language is Python. For this reason, this book is
Python-centric, and I provide all of the example code in Python modules. I explain
how to install TensorFlow and access its modules and classes, but I don’t explain
what modules and classes are.

Icons Used in this Book

2

TIP

To help you navigate through the text, I inserted icons in the book’s margin.
Here’s what they mean:

This icon indicates that the text contains suggestions for developing machine
learning applications.
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= This icon precedes content that delves into the technical theory of machine learn-
9, ing. Many readers may find this theory helpful, but you don’t need to know all the

TecunicaL  STitty details.
STUFF

As much as I love TensorFlow, I admit that it isn’t simple to use or understand.
There are many critical points to be familiar with, and in many cases, I use this

icon to emphasize concepts that are particularly important.
REMEMBER

Beyond the Book

This book covers a great deal of the TensorFlow API, but there’s still a lot more to
learn. The first place to look is the official documentation, which you can find at
www . tensorflow.org. If you’re interested in TensorFlow’s functions and data
structures, the best place to look is www. tensorflow.org/api_docs.

If you have a problem that you can’t solve using this book or the official documen-
tation, a great resource is StackOverflow. This site enables programmers to pres-
ent questions and receive answers, and in my career, I’ve provided plenty of both.
For TensorFlow-specific questions, I recommend visiting www.stackoverflow.
com/questions/tagged/tensor flow.

In addition to what you’re reading right now, this product also comes with
a free access-anywhere Cheat Sheet that gives you some pointers on using
TensorFlow. To get this Cheat Sheet, simply go to www.dummies.com and search
for “TensorFlow For Dummies Cheat Sheet” in the Search box.

I also provide a great deal of example code that demonstrates how to put the
theory into practice. Here’s how to download the t fbook . zip file for this book.
1. onwww.dummies. com, search for TensorFlow For Dummies or the book’s ISBN.
2. When the book comes up, click on the More about this book link.

You are taken to the book’s product page, and the code should be on the

Downloads tab.

After decompressing the archive, you’ll find a series of folders named after
chapters of this book. The example code for Chapter 3 is in the ch3 folder, the code
for Chapter 6 is in ch6, and so on.

Introduction 3
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Where to Go from Here

The material in this book proceeds from the simple to the complex and from the
general to the recondite. If you’re already a TensorFlow expert, feel free to skip
any chapters you’re already familiar with. But if you’re new to the toolset,
I strongly recommend starting with Chapter 1 and proceeding linearly through
Chapters 2, 3, 4, and so on.

I've certainly enjoyed writing this book, and I hope you enjoy the journey of dis-
covery. Bon voyage!
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IN THIS PART ...

Explore the fascinating field of machine learning and
discover why TensorFlow is so vital to machine learning
development.

Download the TensorFlow package to your computer
and install the complete toolkit.

Discover the fundamental data types of TensorFlow and
the many operations that you can perform on tensors.

Understand how tensors and operations are stored in
graphs and how graphs can be executed in sessions.

Investigate the process of TensorFlow training, which
minimizes the disparity between a mathematical model
and a real-world system.



IN THIS CHAPTER
» Looking at machine learning
over time

» Exploring machine learning
frameworks

Chapter 1

Introducing Machine
Learning with
TensorFlow

ensorFlow is Google’s powerful framework for developing applications that

perform machine learning. Much of this book delves into the gritty details

of coding TensorFlow modules, but this chapter provides a gentle introduc-
tion. I provide an overview of the subject and then discuss the developments that
led to the creation of TensorFlow and similar machine learning frameworks.

Understanding Machine Learning

Like most normal, well-adjusted people, I consider The Terminator to be one of the
finest films ever made. I first saw it at a birthday party when I was 13, and though
most of the story went over my head, one scene affected me deeply: The heroine
calls her mother and thinks she’s having a warm conversation, but she’s really
talking to an evil robot from the future!

CHAPTER 1 Introducing Machine Learning with TensorFlow 7




The robot wasn’t programmed in advance with the mother’s voice or the right
sequence of phrases. It had to figure these things out on its own. That is, it had to
analyze the voice of the real mother, examine the rules of English grammar, and
generate acceptable sentences for the conversation. When a computer obtains
information from data without receiving precise instructions, it's performing
machine learning.

The Terminator served as my first exposure to machine learning, but it wouldn’t be
my last. As I write this book, machine learning is everywhere. My email provider
knows that messages involving an “online pharmacy” are spam, but messages
about “cheap mescaline” are important. Google Maps always provides the best
route to my local Elvis cult, and Amazon.com always knows when I need a new
horse head mask. Is it magic? No, it’s machine learning!

Machine learning applications achieve this power by discovering patterns in vast
amounts of data. Unlike regular programs, machine learning applications deal
with uncertainties and probabilities. It should come as no surprise that the pro-
cess of coding a machine learning application is completely different than that of
coding a regular application. Developers need to be familiar with an entirely new
set of concepts and data structures.

Thankfully, many frameworks have been developed to simplify development. At
the time of this writing, the most popular is TensorFlow, an open-source toolset
released by Google. In writing this book, my goal is to show you how to harness
TensorFlow to develop your own machine learning applications.

Although this book doesn’t cover the topic of ethics, I feel compelled to remind
readers that programming evil robots is wrong. Yes, you’ll impress your profes-
sor, and it will look great on a resume. But society frowns on such behavior, and
your friends will shun you. Still, if you absolutely have to program an evil robot,
TensorFlow is the framework to use.

The Development of Machine Learning

8

In my opinion, machine learning is the most exciting topic in modern software
development, and TensorFlow is the best framework to use. To convince you of
TensorFlow’s greatness, I’d like to present some of the developments that led to
its creation. Figure 1-1 presents an abbreviated timeline of machine learning and
related software development.
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FIGURE 1-1:
Developments in
machine learning

extend from
academia to
corporations.

1894 Francis Galton uses statistical regression to study inherited traits

1943 McCulloch and Pitts devise the first artificial neuron

1957 Frank Rosenblatt invents the perceptron

1963 Vapnik and Chervonenkis invent the Support Vector Machine algorithm

1974 Paul Werbos uses backpropagation to train a neural network

1982 John Hopfield demonstrates the Hopfield network

1998 Yann LeCun trains a convolutional neural network to recognize digits
2002 Collobert, Kavukcuoglu, and Farabet release the Torch framework
2006 Netflix offers $1M for assistance with movie recommendations
2014 Ian Goodfellow et al invent generative adversarial networks

2015 Francois Chollet releases Keras for developing deep neural networks
2015 The Google Brain team releases TensorFlow 1.0

Once you understand why researchers and corporations have spent so much time
developing the technology, you’ll better appreciate why studying TensorFlow is
worth your own time.

Statistical regression

Just as petroleum companies drill into the ground to obtain oil, machine learning
applications analyze data to obtain information and insight. The formal term for
this process is statistical inference, and its first historical record comes from ancient
Greece. But for this purpose, the story begins with a nineteenth-century scientist
named Francis Galton. Though his primary interest was anthropology, he devised
many of the concepts and tools used by modern statisticians and machine learn-
ing applications.

Galton was obsessed with inherited traits, and while studying dogs, he noticed
that the offspring of exceptional dogs tend to acquire average characteristics over
time. He referred to this as the regression to mediocrity. Galton observed this phe-
nomenon in humans and sweet peas, and while analyzing his data, he employed
modern statistical concepts like the normal curve, correlation, variance, and stan-
dard deviation.

To illustrate the relationship between a child’s height and the average height of
the parents, Galton developed a method for determining which line best fits a
series of data points. Figure 1-2 shows what this looks like. (Galton’s data is pro-
vided by the University of Alabama.)

CHAPTER 1 Introducing Machine Learning with TensorFlow 9



FIGURE 1-2:

Linear regression
identifies a clear

10

trend amidst
unclear data
points.

80

o
75
0Q I}

— ooooﬁooé o
£ 0,0 o — -
£" BFog -]
: 5.5
= 888% o
= 63 o
=
[¥]

4]
=

55 L 1 1 L 1
62 64 66 68 70 72 74
Average Height of Parents (in)

Galton’s technique for fitting lines to data became known as linear regression, and
the term regression has come to be used for a variety of statistical methods. Regres-
sion plays a critical role in machine learning, and Chapter 6 discusses the topic in
detail.

Reverse engineering the brain

In 1905, Ramoén y Cajal examined tissue from a chicken’s brain and studied the
interconnections between the cells, later called neurons. Cajal’s findings fasci-
nated scientists throughout the world, and in 1943, Warren McCulloch and Walter
Pitts devised a mathematical model for the neuron. They demonstrated that their
artificial neurons could implement the common Boolean AND and OR operations.

While researching statistics, a psychologist named Frank Rosenblatt developed
another model for a neuron that expanded on the work of McCulloch and Pitts. He
called his model the perceptron, and by connecting perceptrons into layers, he cre-
ated a circuit capable of recognizing images. These interconnections of percep-
trons became known as neural networks.

Rosenblatt followed his demonstrations with grand predictions about the future
of perceptron computing. His predictions deeply influenced the Office of Naval
Research, which funded the development of a custom computer based on percep-
trons. This computer was called the Mark 1 Perceptron, and Figure 1-3 shows what
it looks like.

The future of perceptron-based computing seemed bright, but in 1969, calamity
struck. Marvin Minsky and Seymour Papert presented a deeply critical view of
Rosenblatt’s technology in their book, Perceptrons (MIT Press). They mathemati-
cally proved many limitations of two-layer feed-forward neural networks, such as
the inability to learn nonlinear functions or implement the Boolean Exclusive OR
(XOR) operation.
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FIGURE 1-3:

The Mark 1
Perceptron was
the first
computer created
for machine
learning.
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Credit: Cornell Aeronautical Laboratory.

Neural networks have progressed dramatically since the 1960s, and in hindsight,
modern readers can see how narrow-minded Minsky and Papert were in their
research. But at the time, their findings caused many, including the Navy and
other large organizations, to lose interest in neural networks.

Steady progress

Despite the loss of popular acclaim, researchers and academics continued to
investigate machine learning. Their work led to many crucial developments,
including the following:

¥ In 1965, lvakhnenko and Lapa demonstrated multilayer perceptrons with
nonlinear activation functions.

¥ In 1974, Paul Werbos used backpropagation to train a neural network.

3 In 1980, Kunihiko Fukushima proposed the neocognitron, a multilayer neural
network for image recognition.

¥ In 1982, John Hopfield developed a type of recurrent neural network known
as the Hopfield network.

¥ In 1986, Sejnowski and Rosenberg developed NETtalk, a neural network that
learned how to pronounce words.
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These developments expanded the breadth and capabilities of machine learning,
but none of them excited the world’s imagination. The problem was that comput-
ers lacked the speed and memory needed to perform real-world machine learning
in a reasonable amount of time. That was about to change.

The computing revolution

As the 1980s progressed into the 1990s, improved semiconductor designs led to
dramatic leaps in computing power. Researchers harnessed this new power to
execute machine learning routines. Finally, machine learning could tackle real-
world problems instead of simple proofs of concept.

As the Cold War intensified, military experts grew interested in recognizing tar-
gets automatically. Inspired by Fukushima’s neocognitron, researchers focused
on neural networks specially designed for image recognition, called convolutional
neural networks (CNNs). One major step forward took place in 1994, when Yann
LeCun successfully demonstrated handwriting recognition with his CNN-based
LeNet5 architecture.

But there was a problem. Researchers used similar theories in their applications,
but they wrote all their code from scratch. This meant researchers couldn’t repro-
duce the results of their peers, and they couldn’t re-use one another’s code. If a
researcher’s funding ran out, it was likely that the entire codebase would vanish.

In the late 1990s, my job involved programming convolutional neural networks to
recognize faces. I loved the theory behind neural networks, but I found them
deeply frustrating in practice. Machine learning applications require careful tun-
ing and tweaking to get acceptable results. But each change to the code required a
new training run, and training a CNN could take days. Even then, I still didn’t have
enough training data to ensure accurate recognition.

One problem facing me and other researchers was that, while machine learning
theory was mature, the process of software development was still in its infancy.
Programmers needed frameworks and standard libraries so that they weren’t
coding everything by themselves. Also, despite Intel’s best efforts, practical
machine learning still required faster processors that could access larger amounts
of data.

The rise of big data and deep learning

As the 21st century dawned, the Internet’s popularity skyrocketed, and the price
of data storage plummeted. Large corporations could now access terabytes of data
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about potential consumers. These corporations developed improved tools for ana-
lyzing their data, and this revolution in data storage and analysis has become
known as the big data revolution.

Now CEOs were faced with a difficult question: How could they use their wealth of
data to create wealth for their corporations? One major priority was advertising —
companies make more money if they know which advertisements to show to their
customers. But there were no clear rules for associating customers with products.

Many corporations launched in-house research initiatives to determine how best
to analyze their data. But in 2006, Netflix tried something different. They released
a large part of their database online and offered one million dollars to whoever
developed the best recommendation engine. The winner, BellKor’s Pragmatic
Chaos, combined a number of machine learning algorithms to improve Netflix’s
algorithm by 10 percent.

Netflix wasn’t the only high-profile corporation using machine learning. Google’s
AdSense used machine learning to determine which advertisements to display on
its search engine. Google and Tesla demonstrated self-driving cars that used
machine learning to follow roads and join traffic.

Across the world, large organizations sat up and paid notice. Machine learning
had left the realm of wooly-headed science fiction and had become a practical
business tool. Entrepreneurs continue to wonder what other benefits can be
gained by applying machine learning to big data.

Researchers paid notice as well. A major priority involved distinguishing modern
machine learning, with its high complexity and vast data processing, from earlier
machine learning, which was simple and rarely effective. They agreed on the term
deep learning for this new machine learning paradigm. Chapter 7 goes into greater
detail regarding the technical meaning of deep learning.

Machine Learning Frameworks

One of the most important advances in practical machine learning involved the
creation of frameworks. Frameworks automate many aspects of developing
machine learning applications, and they allow developers to re-use code and take
advantage of best practices. This discussion introduces five of the most popular
frameworks: Torch, Theano, Caffe, Keras, and TensorFlow.
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Torch

Torch is the first machine learning framework to attract a significant following.
Originally released in 2002 by Ronan Collobert, it began as a toolset for numeric
computing. Torch’s computations involve multidimensional arrays called tensors,
which can be processed with regular vector/matrix operations. Over time, Torch
acquired routines for building, training, and evaluating neural networks.

Torch garnered a great deal of interest from academics and corporations like IBM
and Facebook. But its adoption has been limited by its reliance on Lua as its inter-
face language. The other frameworks in this discussion —Theano, Caffe, Keras,
and TensorFlow — can be interfaced through Python, which has emerged as the
language of choice in the machine learning domain.

Theano

In 2010, a machine learning group at the University of Montreal released Theano,
a library for numeric computation. Like NumPy, Theano provides a wide range of
Python routines for operating on multidimensional arrays. Unlike NumPy, Theano
stores operations in a data structure called a graph, which it compiles into high-
performance code. Theano also supports symbolic differentiation, which makes it
possible to find derivatives of functions automatically.

Because of its high performance and symbolic differentiation, many machine
learning developers have adopted Theano as their numeric computation toolset of
choice. Developers particularly appreciate Theano’s ability to execute graphs on
graphics processing units (GPUs) as well as central processing units (CPUs).

Caffe

As part of his PhD dissertation at UC Berkeley, Yangqing Jia created Caffe, a frame-
work for developing image recognition applications. As others joined in the devel-
opment, Caffe expanded to support other machine learning algorithms and many
different types of neural networks.

Caffe is written in C++, and like Theano, it supports GPU acceleration. This empha-
sis on performance has endeared Caffe to many academic and corporate develop-
ers. Facebook has become particularly interested in Caffe, and in 2007 it released
a reworked version called Caffe2. This version improves Caffe’s performance and
makes executing applications on smartphones possible.
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Keras

While other offerings focus on performance and breadth of capabilities, Keras is
concerned with modularity and simplicity of development. Francois Chollet cre-
ated Keras as an interface to other machine learning frameworks, and many
developers access Theano through Keras to combine Keras’s simplicity with
Theano’s performance.

Keras’s simplicity stems from its small API and intuitive set of functions. These
functions focus on accomplishing standard tasks in machine learning, which
makes Keras ideal for newcomers to the field but of limited value for those who
want to customize their operations.

Francois Chollet released Keras under the MIT License, and Google has incorpo-
rated his interface into TensorFlow. For this reason, many TensorFlow developers
prefer to code their neural networks using Keras.

TensorFlow

As the title implies, this book centers on TensorFlow, Google’s gift to the world of
machine learning. The Google Brain team released TensorFlow 1.0 in 2015, and as
of the time of this writing, the current version is 1.4. It’s provided under the
Apache 2.0 open source license, which means you’re free to use it, modify it, and
distribute your modifications.

TensorFlow’s primary interface is Python, but like Caffe, its core functionality is
written in C++ for improved performance. Like Theano, TensorFlow stores opera-
tions in a graph that can be deployed to a GPU, a remote system, or a network of
remote systems. In addition, TensorFlow provides a utility called TensorBoard,
which makes visualizing graphs and their operations possible.

Like other frameworks, TensorFlow supports execution on CPUs and GPUs. In
addition, TensorFlow applications can be executed on the Google Cloud Platform
(GCP). The GCP provides world-class processing power at relatively low cost, and
in my opinion, GCP processing is TensorFlow’s most important advantage.
Chapter 13 discusses this important topic in detail.
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