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Foreword

The past decade has seen the explosion of both machine learning and smartphones; today,
these technologies are finally merging, and the result is an incredible variety of applications
that you would have dismissed as far future Science Fiction just a few years ago. Think
about it: you have already become accustomed to talking to your phone, asking it for
directions, or telling it to schedule an appointment in your agenda. Your phone's camera
tracks faces and recognizes objects. Games are becoming more interesting and challenging
as the bots gets smarter and smarter. And countless apps use some form of artificial
intelligence under the hood, in less obvious ways, such as recommending content that you
will enjoy, anticipating your next trips to tell you when to leave, suggesting what to type
next, and so on.

Until recently, all the intelligence happened on the server side, which meant that the user
had to be connected to the internet, ideally with a fast and stable connection. The latency
and service disruptions that this implied were show-stoppers for many applications. But
today the intelligence is right there in the palm of your hand, thanks to tremendous
hardware improvements and better Machine Learning libraries.

Most importantly, these technologies are now completely democratized: virtually any
software engineer can learn to code an intelligent mobile application based on deep neural
networks, using TensorFlow, Google's powerful and open source deep learning library. Jeff
Tang's great and unique book will show you how to develop on-device TensorFlow-
powered iOS, Android, and Raspberry Pi apps by guiding you through many concrete
examples with step-by-step tutorials and hard-earned troubleshooting tips: from image
classification, object detection, image captioning, and drawing recognition to speech
recognition, forecasting time series, generative adversarial networks, reinforcement
learning, and even building intelligent games using AlphaZero — the improved technology
built on top of AlphaGo that beat Lee Sedol and Ke Jie, the world champions of the game of
Go.

This is going to be a super popular book. It's such an important topic, and it's hard to get
good reliable information. So roll up your sleeves, you have an exciting journey ahead of
you! What intelligent mobile application will you build?

Aurélien Géron

Former lead of YouTube's video classification team and author of the book Hands-On
Machine Learning with Scikit-Learn and TensorFlow (O'Reilly, 2017)

Paris, May 11th, 2018
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Preface

Artificial Intelligence (AI), the simulation of human intelligence in computers, has a long
history. Since its official birth in 1956, Al has experienced several booms and busts. The
ongoing Al resurgence, or the new Al revolution, started in 2012 with the breakthrough in
deep learning, a branch of machine learning that is now the hottest branch of Al because of
deep learning, when a deep convolutional neural network (DCNN) won the ImageNet
Large-Scale Visual Recognition Challenge with an error rate of only 16.4%, compared to the
second best non-DCNN entry with an error rate of 26.2%. Since 2012, improved DCNN-
based entries have won the ImageNet challenge every year, and deep learning technology
has been applied to many hard Al problems beyond computer vision, such as speech
recognition, machine translation, and the game of Go, resulting in one breakthrough after
another. In March 2016, Google DeepMind's AlphaGo, built with deep reinforcement
learning, beat 18-time human world Go champion Lee Sedol 4:1. At Google 1/0O 2017,
Google announced that they're shifting from mobile-first to Al-first world. Other leading
companies such as Amazon, Apple, Facebook, and Microsoft have all invested heavily in Al
and launched many Al-powered products.

TensorFlow is Google's open source framework for building machine learning Al apps.
Since its initial release in November 2015, when there were already several popular open
source deep learning frameworks, TensorFlow has quickly become the most popular open
source deep learning framework in less than 2 years. New TensorFlow models to tackle all
kinds of tasks that'd require human or even superhuman intelligence have been built on a
weekly basis. Dozens of books on TensorFlow have been published. More online blogs,
tutorials, courses, and videos on TensorFlow have been made available. It's obvious that Al
and TensorFlow are hot, but why another book with the word "TensorFlow" in its title?

This is a unique book, and the first one that combines TensorFlow-powered Al with mobile,
connecting the world of the brightest future with the world of most prosperous present. We
have all witnessed and experienced the iOS and Android smart phone revolution in the past
decade, and we're just starting the Al revolution that'll likely have an even deeper impact
on the world around us. What can be better than a theme that integrates the best of the two
worlds, a book that shows how to build TensorFlow Al apps on mobile, anytime,
anywhere?
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It's true that you can build Al apps using many cloud AI APIs that exist out there, and
sometimes it makes sense. However, running Al apps completely on mobile devices have
the benefits that you can run the apps even when no network connectivity is available,
when you can't afford the round trip to a cloud server, or when users don't want to send the
data on their phones to anyone else.

It's also true that there're already a few example TensorFlow iOS and Android apps in the
TensorFlow open source project that can get you started with mobile TensorFlow. However,
if you have ever tried to run a cool TensorFlow model that amazes you on your iOS or
Android device, you'll most likely stumble upon many hiccups before you can see the
model successfully running on your phone.

This book can save you a lot of time and effort by showing you how to solve all the
common problems you may encounter when running TensorFlow models on mobile. You'll
get to see more than 10 complete TensorFlow iOS and Android apps built from scratch in
the book, running all kinds of cool TensorFlow models, including the latest and coolest
Generative Adversarial Network (GAN) and AlphaZero-like models.

Who this book is for

If you're an iOS and/or Android developer interested in building and retraining others' cool
TensorFlow models and running them in your mobile apps, or if you're a TensorFlow
developer and want to run your new amazing TensorFlow models on mobile devices, the
book is for you. If you're interested in TensorFlow Lite, Core ML, or TensorFlow on
Raspberry Pi, you'll also benefit from the book.

What this book covers

Chapter 1, Getting Started with Mobile TensorFlow, discusses how to set up TensorFlow on
Mac and Ubuntu and NVIDIA GPU on Ubuntu and how to set up Xcode and Android
Studio. We'll also discuss the difference between TensorFlow Mobile and TensorFlow Lite
and when you should use them. Finally, we'll show you how to run the sample TensorFlow
iOS and Android apps.

Chapter 2, Classifying Images with Transfer Learning, covers what is transfer learning and
why you should use it, how to retrain the Inception v3 and MobileNet models for more
accurate and faster dog breed recognition, and how to use the retrained models in sample
iOS and Android apps. Then, we'll show you how to add TensorFlow to your own iOS app,
both in Objective-C and Swift, and your own Android app for dog breed recognition.

[2]
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Chapter 3, Detecting Objects and Their Locations, gives a quick overview of Object Detection,
and then shows you how to set up the TensorFlow Object Detection API and use it to
retrain SSD-MobileNet and Faster RCNN models. We'll also show you how to use the
models used in the example TensorFlow Android app in your iOS app by manually
building the TensorFlow iOS library to support non-default TensorFlow operations. Finally,
we'll show you how to train YOLO2, another popular object detection model, which is also
used in the example TensorFlow Android app, and how to use it in your iOS app.

Chapter 4, Transforming Pictures with Amazing Art Styles, first gives an overview of neural
style transfer with their rapid progress in the last few years. Then, it shows you how to train
fast neural style transfer models and use them in iOS and Android apps. After that, we'll
cover how to use the TensorFlow Magenta multi-style model in your own iOS and Android
apps to easily create amazing art styles.

Chapter 5, Understanding Simple Speech Commands, outlines speech recognition and shows
you how to train a simple speech commands recognition model. We'll then show you how
to use the model in Android as well as in iOS using both Objective-C and Swift. We'll also
cover more tips on how to fix possible model loading and running errors on mobile.

Chapter 6, Describing Images in Natural Language, describes how image captioning works,
and then it covers how to train and freeze an image captioning model in TensorFlow. We'll
further discuss how to transform and optimize the complicated model to get it ready for
running on mobile. Finally, we'll offer complete iOS and Android apps using the model to
generate natural language description of images.

Chapter 7, Recognizing Drawing with CNN and LSTM, explains how drawing classification
works, and discusses how to train, predict, and prepare the model. Then, we'll show you
how to build another custom TensorFlow iOS library to use the model in a fun iOS
doodling app. Finally, we'll show you how to build a custom TensorFlow Android library
to fix a new model loading error and then use the model in your own Android app.

Chapter 8, Predicting Stock Price with RNN, takes you through RNN and how to use it to
predict stock prices. Then, we'll inform you of how to build an RNN model with the
TensorFlow API to predict stock prices, and how to build a RNN LSTM model with the
easier-to-use Keras API to achieve the same goal. We'll test and see whether such models
can beat a random buy or sell strategy. Finally, we'll show you how to run the TensorFlow
and Keras models in both iOS and Android apps.

[3]
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Chapter 9, Generating and Enhancing Images with GAN, gives an overview of what GAN is
and why it has such great potential. Then, it oultines how to build and train a basic GAN
model that can be used to generate human-like handwritten digits and a more advanced
model that can enhance low resolution images to high resolution ones. Finally, we'll cover
how to use the two GAN models in your iOS and Android apps.

Chapter 10, Building AlphaZero-like Mobile Game App, begins with how the latest and coolest
AlphaZero works, and how to train and test a AlphaZero-like model to play a simple but
fun game called Connect 4 in Keras with TensorFlow as backend. We'll then show you the
complete iOS and Android apps to use the model and play the game Connect 4 on your
mobile devices.

Chapter 11, Using TensorFlow Lite and Core ML on Mobile, demonstrates TensorFlow Lite
and then shows you how to use a prebuilt TensorFlow model, a retrained TensorFlow
model for TensorFlow Lite, and a custom TensorFlow Lite model in iOS. We'll also show
you how to use TensorFlow Lite in Android. After that, we'll give an overview of Apple's
Core ML and show you how to use Core ML with standard machine learning using Scikit-
Learn. Finally, we'll cover how to use Core ML with TensorFlow and Keras.

Chapter 12, Developing TensorFlow Apps on Raspberry Pi, first looks at how to set up
Raspberry Pi and make it move, and how to set up TensorFlow on Raspberry Pi. Then, we'll
cover how to use the TensorFlow image recognition and audio recognition models, along
with text to speech and robot movement APIs, to build a Raspberry Pi robot that can move,
see, listen, and speak. Finally, we'll discuss in detail how to use OpenAlI Gym and
TensorFlow to build and train a powerful neural network-based reinforcement learning
policy model from scratch in a simulated environment to make the robot learn to keep its
balance.

To get the most out of this book

We recommend that you start with reading the first four chapters in order, along with
running the accompanying iOS and Android apps available from the book's source code
repository at http: //github.com/jeffxtang/mobilet fbook. That'll help you ensure that
you have the development environments all set up for TensorFlow mobile app
development and that you know how to integrate TensorFlow into your own iOS and/or
Android apps. If you're an i0S developer, you'll also learn how to use Objective-C or Swift

with TensorFlow, and when and how to use the TensorFlow pod or the manual TensorFlow
iOS library.

[4]
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Then, if you need to build a custom TensorFlow Android library, go to Chapter

7, Recognizing Drawing with CNN and LSTM, and if you want to learn how to use a Keras
model in your mobile app, check out chapter 8, Predicting Stock Price with RNN, and
Chapter 10, Building an AlphaZero-like Mobile Game App.

If you're more interested in TensorFlow Lite or Core ML, read chapter 11, Using
TensorFlow Lite and Core ML on Mobile, and if you're most interested in TensorFlow on
Raspberry Pi, or reinforcement learning in TensorFlow, jump to chapter 12, Developing
TensorFlow Apps on Raspberry Pi.

Other than that, you can go through chapters 5 to 10 in order to see how to train different
kinds of CNN, RNN, LSTM, GAN, and AlphaZero models and how to use them on mobile,
maybe running the iOS and/or Android apps for each chapter before looking into the
detailed implementation. Alternatively, you can jump directly to any chapter with the
model you're most interested in; just be aware that a later chapter may refer to an earlier
chapter for some duplicated details, such as steps of adding a TensorFlow custom iOS
library to your iOS app, or fixing some model loading or running errors by building a
TensorFlow custom library. However, rest assured that you won't be lost, or at least we've
done our best to provide user-friendly and step-by-step tutorials, with occasional references
to some steps of previous tutorials, to help you avoid all possible pitfalls you may
encounter when building mobile TensorFlow apps, while also avoiding repeating ourselves.

When to read the book

Al or its hottest branch machine learning, or its hottest subbranch deep learning, has
enjoyed rapid progress in recent years. New releases of TensorFlow, backed by Google and
with the most popular developer community of all open source machine learning
frameworks, has also been launched at a faster speed. When we started writing the book in
December 2017, the latest TensorFlow release was 1.4.0, released on November 2, 2017, and
after that 1.5.0 was released on January 26, 2018, 1.6.0 on February 28, 2018, 1.7.0 on March
29, 2018, and 1.8.0 on April 27, 2018. All the iOS, Android, and Python code in the book has
been tested with all those TensorFlow versions. Still, by the time you read the book, the
latest TensorFlow version likely will be later than 1.8.0.

It turns out you don't need to worry too much about new releases of TensorFlow; the code
in the book will most likely run seamlessly on the latest TensorFlow releases. During our
testing run the apps on TensorFlow 1.4, 1.5, 1.6, 1.7, and 1.8, we've made no code changes at
all. It's likely that in a later version, more TensorFlow operations will be supported by
default, so you won't need to build a custom TensorFlow library, or you'll be able to build
the custom TensorFlow library in a simpler way.

[5]



