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Preface

In the digital information age that we live in, the amount of data has grown
exponentially, and it is growing at an unprecedented rate as we read this. Most of
this data is language-related data (textual or verbal), such as emails, social media
posts, phone calls, and web articles. Natural Language Processing (NLP) leverages
this data efficiently to help humans in their businesses or day-to-day tasks. NLP has
already revolutionized the way we use data to improve both businesses and our
lives, and will continue to do so in the future.

One of the most ubiquitous use cases of NLP is Virtual Assistants (VAs), such as
Apple's Siri, Google Assistant, and Amazon Alexa. Whenever you ask your VA
for "the cheapest rates for hotels in Switzerland," a complex series of NLP tasks are
triggered. First, your VA needs to understand (parse) your request (for example,
learn that it needs to retrieve hotel rates, not the dog parks). Another decision the
VA needs to make is "what is cheap?". Next, the VA needs to rank the cities in
Switzerland (perhaps based on your past traveling history). Then, the VA might
crawl websites such as Booking.com and Agoda.com to fetch the hotel rates in
Switzerland and rank them by analyzing both the rates and reviews for each hotel.
As you can see, the results you see in a few seconds are a result of a very intricate
series of complex NLP tasks.

So, what makes such NLP tasks so versatile and accurate for our everyday tasks? The
underpinning elements are "deep learning" algorithms. Deep learning algorithms

are essentially complex neural networks that can map raw data to a desired output
without requiring any sort of task-specific feature engineering. This means that you
can provide a hotel review of a customer and the algorithm can answer the question
"How positive is the customer about this hotel?", directly. Also, deep learning has
already reached, and even exceeded, human-level performance in a variety of NLP
tasks (for example, speech recognition and machine translation).

[xi]




Preface

By reading this book, you will learn how to solve many interesting NLP problems
using deep learning. So, if you want to be an influencer who changes the world,
studying NLP is critical. These tasks range from learning the semantics of words, to
generating fresh new stories, to performing language translation just by looking at
bilingual sentence pairs. All of the technical chapters are accompanied by exercises,
including step-by-step guidance for readers to implement these systems. For all

of the exercises in the book, we will be using Python with TensorFlow —a popular
distributed computation library that makes implementing deep neural networks
very convenient.

Who this book is for

This book is for aspiring beginners who are seeking to transform the world by
leveraging linguistic data. This book will provide you with a solid practical foundation
for solving NLP tasks. In this book, we will cover various aspects of NLP, focusing
more on the practical implementation than the theoretical foundation. Having sound
practical knowledge of solving various NLP tasks will help you to have a smoother
transition when learning the more advanced theoretical aspects of these methods. In
addition, a solid practical understanding will help when performing more domain-
specific tuning of your algorithms, to get the most out of a particular domain.

What this book covers

Chapter 1, Introduction to Natural Language Processing, embarks us on our journey
with a gentle introduction to NLP. In this chapter, we will first look at the reasons
we need NLP. Next, we will discuss some of the common subtasks found in NLP.
Thereafter, we will discuss the two main eras of NLP — the traditional era and

the deep learning era. We will gain an understanding of the characteristics of the
traditional era by working through how a language modeling task might have
been solved with traditional algorithms. Then, we will discuss the deep learning
era, where deep learning algorithms are heavily utilized for NLP. We will also
discuss the main families of deep learning algorithms. We will then discuss the
fundamentals of one of the most basic deep learning algorithms —a fully connected
neural network. We will conclude the chapter with a road map that provides a brief
introduction to the coming chapters.

[ xii ]



Preface

Chapter 2, Understanding TensorFlow, introduces you to the Python TensorFlow
library —the primary platform we will implement our solutions on. We will start by
writing code to perform a simple calculation in TensorFlow. We will then discuss
how things are executed, starting from running the code to getting results. Thereby,
we will understand the underlying components of TensorFlow in detail. We will
further strengthen our understanding of TensorFlow with a colorful analogy of a
restaurant and see how orders are fulfilled. Later, we will discuss more technical
details of TensorFlow, such as the data structures and operations (mostly related

to neural networks) defined in TensorFlow. Finally, we will implement a fully
connected neural network to recognize handwritten digits. This will help us to
understand how an end-to-end solution might be implemented with TensorFlow.

Chapter 3, Word2vec - Learning Word Embeddings, begins by discussing how to solve
NLP tasks with TensorFlow. In this chapter, we will see how neural networks can be
used to learn word vectors or word representations. Word vectors are also known as
word embeddings. Word vectors are numerical representations of words that have
similar values for similar words and different values for different words. First, we
will discuss several traditional approaches to achieving this, which include using a
large human-built knowledge base known as WordNet. Then, we will discuss the
modern neural network-based approach known as Word2vec, which learns word
vectors without any human intervention. We will first understand the mechanics

of Word2vec by working through a hands-on example. Then, we will discuss two
algorithmic variants for achieving this — the skip-gram and continuous bag-of-words
(CBOW) model. We will discuss the conceptual details of the algorithms, as well as
how to implement them in TensorFlow.

Chapter 4, Advance Word2vec, takes us on to more advanced topics related to word
vectors. First, we will compare skip-gram and CBOW to see whether a winner
exists. Next, we will discuss several improvements that can be used to improve
the performance of the Word2vec algorithms. Then, we will discuss a more
recent and powerful word embedding learning algorithm — the GloVe (global
vectors) algorithm. Finally, we will look at word vectors in action, in a document
classification task. In that exercise, we will see that word vectors are powerful
enough to represent the topic (for example, entertainment and sport) that the
document belongs to.

[ xiii ]




Preface

Chapter 5, Sentence Classification with Convolutional Neural Networks, discusses
convolution neural networks (CNN) —a family of neural networks that excels

at processing spatial data such as images or sentences. First, we will develop a

solid high-level understanding of CNNs by discussing how they process data

and what sort of operations are involved. Next, we will dive deep into each of the
operations involved in the computations of a CNN to understand the underpinning
mathematics of a CNN. Finally, we will walk through two exercises. First, we will
classify hand written digit images with a CNN. We will see that CNNs are is capable
of reaching a very high accuracy quickly for this task. Next, we will explore how
CNNss can be used to classify sentences. Particularly, we will ask a CNN to predict
whether a sentence is about an object, person, location, and so on.

Chapter 6, Recurrent Neural Networks, is about a powerful family of neural networks
that can model sequences of data, known as recurrent neural networks (RNNs). We
will first discuss the mathematics behind the RNNs and the update rules that are
used to update the RNNs over time during learning. Then, we will discuss section
different variants of RNNSs and their applications (for example, one-to-one RNNs
and one-to-many RNNSs). Finally, we will go through an exercise where RNNs are
used for a text generation task. In this, we will train the RNN on folk stories and ask
the RNN to produce a new story. We will see that RNNs are poor at persisting long-
term memory. Finally, we will discuss a more advanced variant of RNNs, which we
will call RNN-CF, which is able to persist memory for longer.

Chapter 7, Long Short-Term Memory Networks, allows us to explore more powerful
techniques that are able to remember for a longer period of time, having found

out that RNNs are poor at retaining long-term memory. We will discuss one such
technique in this chapter — Long Short-Term Memory Networks (LSTMs). LSTMs
are more powerful and have been shown to outperform other sequential models in
many time-series tasks. We will first investigate the underlying mathematics and
update the rules of the LSTM, along with a colorful example that illustrates why
each computation matters. Then, we will look at how LSTMs can persist memory
for longer. Next, we will discuss how we can improve LSTMs prediction capabilities
further. Finally, we will discuss several variants of LSTMs that have a more complex
structure (LSTMs with peephole connections), as well as a method that tries to
simplify the LSTMs gated recurrent units (GRUs).

Chapter 8, Applications of LSTM - Generating Text, extensively evaluates how LSTMs
perform in a text generation task. We will qualitatively and quantitatively measure
how good the text generated by LSTMs is. We will also conduct comparisons
between LSTMs, LSTMs with peephole connections, and GRUs. Finally, we will
see how we can bring word embeddings into the model to improve the text
generated by LSTMs.

[ xiv]
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Chapter 9, Applications of LSTM - Image Caption Generation, moves us on to
multimodal data (that is, images and text) after coping with textual data. In this
chapter, we will investigate how we can automatically generate descriptions for a
given image. This involves combining a feed-forward model (that is, a CNN) with a
word embedding layer and a sequential model (that is, an LSTM) in a way that forms
an end-to-end machine learning pipeline.

Chapter 10, Sequence to Sequence Learning — Neural Machine Translation, is about the
implementing neural machine translation (NMT) model. Machine translation is where
we translate a sentence/phrase from a source language into a target language. We
will first briefly discuss what machine translation is. This will be followed by a section
about the history of machine translation. Then, we will discuss the architecture of
modern neural machine translation models in detail, including the training and
inference procedures. Next, we will look at how to implement an NMT system from
scratch. Finally, we will explore ways to improve standard NMT systems.

Chapter 11, Current Trends and Future of Natural Language Processing, the final
chapter, focuses on the current and future trends of NLP. We will discuss the latest
discoveries related to the systems and tasks we discussed in the previous chapters.
This chapter will cover most of the exciting novel innovations, as well as giving you
in-depth intuition to implement some of the technologies.

Appendix, Mathematical Foundations and Advanced TensorFlow, will introduce

the reader to various mathematical data structures (for example, matrices) and
operations (for example, matrix inverse). We will also discuss several important
concepts in probability. We will then introduce Keras —a high-level library that uses
TensorFlow underneath. Keras makes the implementing of neural networks simpler
by hiding some of the details in TensorFlow, which some might find challenging.
Concretely, we will see how we can implement a CNN with Keras, to get a feel

of how to use Keras. Next, we will discuss how we'can use the seq2seq library in
TensorFlow to implement a neural machine translation system with much less code
that we used in Chapter 11, Current Trends and the Future of Natural Language
Processing. Finally, we will walk you through a guide aimed at teaching to use the
TensorBoard to visualize word embeddings. TensorBoard is a handy visualization
tool that is shipped with TensorFlow. This can be used to visualize and monitor
various variables in your TensorFlow client.

[xv]
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To get the most out of this book

To get the most out of this book, we assume the following from the reader:

* Asolid will and an ambition to learn the modern ways of NLP

* Familiarity with basic Python syntax and data structures (for example,
lists and dictionaries)

* A good understanding of basic mathematics (for example,
matrix/vector multiplication)

* (Optional) Advance mathematics knowledge (for example, derivative
calculation) to understand a handful of subsections that cover the details of
how certain learning models overcome potential practical issues
faced during training

* (Optional) Read research papers to refer to advances/details in systems,
beyond what the book covers

Download the example code files

You can download the example code files for this book from your account at
http://www.packtpub.com. If you purchased this book elsewhere, you can visit
http://www.packtpub.com/support and register to have the files emailed directly
to you.

You can download the code files by following these steps:

Log in or register at http: //www.packtpub. com.
Select the SUPPORT tab.
Click on Code Downloads & Errata.

Enter the name of the book in the Search box and follow the on-screen
instructions.

Rk N

Once the file is downloaded, please make sure that you unzip or extract the folder
using the latest version of one of these:

*  WinRAR / 7-Zip for Windows

e Zipeg / iZip / UnRarX for macOS

* 7-Zip / PeaZip for Linux
The code bundle for the book is also hosted on GitHub at https://github.com/
PacktPublishing/Natural-Language-Processing-with-TensorFlow. We also

have other code bundles from our rich catalog of books and videos available at
https://github.com/PacktPublishing/. Check them out!
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Download the color images

We also provide a PDF file that has color images of the screenshots/diagrams used

in this book. You can download it here: https: //www.packtpub.com/sites/
default/files/downloads/NaturalLanguageProcessingwithTensorFlow
ColorImages.pdf.

Conventions used

There are a number of text conventions used throughout this book.

CodeInText: Indicates code words in text, database table names, folder names,
filenames, file extensions, pathnames, dummy URLs, user input, and Twitter
handles. For example; "Mount the downloaded webStorm-10* .dmg disk image
file as another disk in your system."

A block of code is set as follows:

graph = tf.Graph() # Creates a graph
session = tf.InteractiveSession(graph=graph) # Creates a session

When we wish to draw your attention to a particular part of a code block, the
relevant lines or items are set in bold:

graph = tf.Graph() # Creates a graph
session = tf.InteractiveSession(graph=graph) # Creates a session

Any command-line input or output is written as follows:
conda --version

Bold: Indicates a new term, an important word, or words that you see on the screen,
for example, in menus or dialog boxes, also appear in the text like this. For example:
"Select System info from the Administration panel."

References: In Chapter 11, Current Trends and the Future of Natural Language Processing,
in-text references include a bracketed number (for example, [1]) that correlates with
the numbering in the References section at the end of the chapter.

Warnings or important notes appear like this.
ez

Al

Tips and tricks appear like this.

[ xvii ]
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Get in touch

Feedback from our readers is always welcome.

General feedback: Email feedback@packtpub.com, and mention the book's title
in the subject of your message. If you have questions about any aspect of this book,
please email us at questionse@packtpub. com.

Errata: Although we have taken every care to ensure the accuracy of our content,
mistakes do happen. If you have found a mistake in this book we would be
grateful if you would report this to us. Please visit, http: //www.packtpub.com/
submit-errata, selecting your book, clicking on the Errata Submission Form link,
and entering the details.

Piracy: If you come across any illegal copies of our works in any form on the Internet,
we would be grateful if you would provide us with the location address or website
name. Please contact us at copyright@packtpub.com with a link to the material.

If you are interested in becoming an author: If there is a topic that you have
expertise in and you are interested in either writing or contributing to a book, please
visit http://authors.packtpub.com.

Reviews

Please leave a review. Once you have read and used this book, why not leave a
review on the site that you purchased it from? Potential readers can then see and
use your unbiased opinion to make purchase decisions, we at Packt can understand
what you think about our products, and our authors can see your feedback on their
book. Thank you! ’

For more information about Packt, please visit packtpub. com.
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