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Introduction

Artificial intelligence (AI) radically changes how we use computers to solve problems.
By exploiting previous experience, which may be expressed in terms of examples, the
machine can identify patterns in a given situation and identify the same patterns in a
slightly different situation. This is essentially the way Al is used nowadays. The field of Al
is moving fast, and unfortunately, it is often difficult to make its way through.

Practical Artificial Intelligence in Julia aims to provide a practical foundation
for a set of expressive artificial intelligence algorithms using the Julia programming
language. The book makes two large contributions to existing related books. The first
contribution details some expressive techniques, namely, neural networks, genetic
algorithms, and neuroevolution. No other books comprehensively relate to these topics
by providing a full Julia implementation. The book provides material in an incremental
fashion, beginning with a little perceptron and ending with a full implementation of two
algorithms for neuroevolution. The second contribution is to provide a set of compelling,
non-trivial, and self-contained applications of these techniques, including Al for a
platform game and a computational model of evolving walking creatures.

The book is meant to be accessible to a large audience and delivers executable
source code. The implementation provided in this book is self-contained and relies only
on common low-level libraries.

Overall, this book details and illustrates some easy-to-use recipes for solving concrete
and practical problems. It provides a complete and reusable set of tools in the Julia
programming language. Practical Artificial Intelligence in Julia is not a book about how to
use an existing API provided by external libraries. Instead, this book guides you to build
your own API for artificial intelligence. Building your API has incredible benefits, such as
high tunability and malleability, which are essential to solving very specific problems.

Book Overview

Practical Artificial Intelligence in Julia is divided into three parts, each targeting a
specific topic within the field of artificial intelligence, namely, neural networks, genetic
algorithms, and neuroevolution.
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INTRODUCTION

The first part of the book is about neural networks. A neural network is a
computational metaphor simulating the interaction occurring between biological
neurons. The chapter begins with the implementation of a single neuron and shows
its limits in terms of what it can achieve. Neural networks are then presented to solve a
number of problems. Various examples involving relatively simple data classification
tasks are presented.

The second part of the book details Genetic Algorithms (GAs). From a technical
perspective, GA is about optimizing a fitness function by applying biologically inspired
operators. As a result, GA solves problems without telling the structure and shape
of the solution in advance. GA simulates the way biological species evolve over time
by combining genetic data. For two candidate solutions, as soon as there is a way to
say which one is closer to the solution, GA may be considered to solve the problem.
Numerous examples are provided in this second part of the book, including an
implementation of walking creatures, which is an artificial life simulation. Such creatures
are artificial organisms able to evolve in order to move themselves through obstacles or
climb stairs.

The third part of the book covers the field of Neuroevolution, which is a combination
of genetic algorithms and neural networks. The evolution of neural networks is called
Neuroevolution. Instead of training a neural network, as in classical deep learning (Part
1 of the book), neuroevolution begins with extremely simple networks and incrementally
adds complexity to these networks. Evolution makes evolved networks able to solve
particularly complex tasks. This third part of the book uses a platform video game and
builds an artificial player using neuroevolution.

The Julia Programming Language

Julia is a programming language that is enjoying rising popularity. Julia is simple to use,
supports dynamic and static typing, and provides many tools to support interactive
programming.

The Julia programming language operates on most platforms and is easy to install.
The webpage https://julialang.org/ provides detailed instructions on how to install
Julia on your favorite operating system. The book’s content is known to work with all

recent Julia versions.
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INTRODUCTION

Accompanying Source Code

Practical Artificial Intelligence in Julia is a book about programming. It details a number
of non-trivial algorithms and provides a sizable amount of source code. Most of the
code given in the book is self-contained. This means that no external libraries are used
besides the one of Julia. The only exception is Roassal, a small graphic API that we will
use to build animations.

Readers may opt for transcribing the code into Julia or using our dedicated Git
repository: https://github.com/bergel/PracticalAIJulia-Code.

Julia comes with a full-featured interactive command-line REPL (Read-Eval-Print
loop), which this book intensively uses. The Julia REPL is accessible by simply running
Julia from the command line.

This repository follows a natural structure: the code provided by each chapter is
contained in a numbered single file. All the source code and snippets given in the book
may be found in these files. The code provided in a chapter N assumes that code from
the chapter N — 1 is executed. For example, before executing the code of Chapter 2, you
need to execute the code of Chapter 1. The code given in Chapter 2 can therefore be run
in a Julia REPL using:

include("01-Perceptron.jl")
include("02-Neuron.jl")

The whole source code can be simply loaded in a Julia REPL using:
include("all.j1")

Note that it frequently happens that a function given in a chapter is overridden in a
later chapter. As a consequence, code given in a particular chapter may not work after
executing all.jl.

Some function definitions can be long, and in that case, individual portions of source
code may be discussed. A script that begins with ellipses (i.e., . . .) means that you need
to append the script to the last one seen before.

The code could be easily used with the Pluto programming environment. We did not
pursue this path to keep the book scoped to its main focus.
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Who Should Read This Book?

This book is designed for a wide audience of programmers. As such, prior knowledge of
neural networks, genetic algorithms, or neuroevolution is not required, nor is a strong
mathematical background. We made sure that there is no such prerequisite for most

of the chapters. Some chapters require a mild mathematical background. However,
these chapters are self-contained, and skipping them will not negatively affect overall
understanding.

The book exposes some sophisticated Al techniques through Julia’s lens. Readers will
acquire the theoretical and practical tools to be used in Julia. Note that people willing
to learn Julia through Al are encouraged to complement it with some additional source
of information. Practical Artificial Intelligence in Julia is made for programmers familiar
with Julia or experienced with programming in general. The reader is expected to invest
in programming to follow the book.

The book gives a relatively superficial introduction to neural networks, just enough
(i) to have an accurate feeling of what neural networks are about and (ii) to provide
a solid base to model neuroevolution. The first part conveys the essence of neural
networks and presents some simple applications, including data classifications.
However, the book does not mention advanced neural network architecture such as
convolution, transformers, or language models. The readers are kindly invited to refer
to dedicated books to deepen these topics. The neural network material is provided as a
foundation to build the neuroevolution algorithm.

The book goes into detail about genetic algorithms and neuroevolution. Genetic
algorithms are highly expressive and can solve complex search problems that neural
networks cannot consider. Genetic algorithms can search for a needle in a haystack.

An example of this ability to find a hard-to-find solution is to find the topology and
parameters of a neural network without using gradient-based learning techniques. This
is what the third part of the book is all about.

After reading this book, the readers should have a solid expertise in genetic
algorithms and neuroevolution and will be able to apply them in non-trivial situations.
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