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INTRODUCTION TO
DEEP LEARNING

Deep learning is the subfield of artificial intelligence that
focuses on creating large neural network models that are
capable of making accurate data-driven decisions. Deep
learning is particularly suited to contexts where the datais
complex and where there are large datasets available. To-
day most online companies and high-end consumer tech-
nologies use deep learning. Among other things, Facebook
uses deep learning to analyze text in online conversations.
Google, Baidu, and Microsoft all use deep learning for im-
age search, and also for machine translation. All modern
smart phones have deep learning systems running on
them; for example, deep learning is now the standard
technology for speech recognition, and also for face de-
tection on digital cameras. In the healthcare sector, deep
learning is used to process medical images (X-rays, CT, and
MRI scans) and diagnose health conditions. Deep learning
is also at the core of self-driving cars, where it is used for

Progenics EX2029



and each neuron implements a function: it takes a number
of values as input and maps them to an output value. The
arrows in the network show how the outputs of each neu-
von are passed as inputs to other neurons. In this network,
information flows from left to right. For example, if this
network were trained to predict a person’s credit solvency,
based on their income and debt, it would receive the in-
come and debt as inputs on the left of the network and
output the credit solvency score through the neuron on
the right.

A neural network uses a divide-and-conquer strategy
to learn a function: each neuron in the network learns a
simple function, and the overall (more complex) function,
defined by the network, is created by combining these
simpler functions. Chapter 3 will describe how a neural

network processes information.

Figure1.2 Schematic illustration of a neural network.

10 CHAPTER 1

What Is Machine Learning?

A machine learning algorithm is a search process designed
to choose the best function, from a set of possible func-
tions, to explain the relationships between features in a
dataset. To get an intuitive understanding of what is in-
volved in extracting, or learning, a function from data, ex-
amine the following set of sample inputs to an unknown
function and the outputs it returns. Given these examples,
decide which arithmetic operation (addition, subtraction,
multiplication, or division) is the best choice to explain
the mapping the unknown function defines between its
inputs and output:

function(Inputs) = Output

function(5,5) =25

function(2,6) =12

function(4,4)=16

function(2,2) =04

Most people would agree that multiplication is the best

choice because it provides the best match to the observed
relationship, or mapping, from the inputs to the outputs:
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5%x5=25
2x6=12
4X7=28
2x2=04

In this particular instance, choosing the best func-
tion is relatively straightforward, and a human can do it
without the aid of a computer. However, as the number
of inputs to the unknown function increases (perhaps
to hundreds or thousands of inputs), and the variety of
potential functions to be considered gets larger, the task
becomes much more difficult. It is in these contexts that
harnessing the power of machine learning to search for
the best function, to match the patterns in the dataset,
becomes necessary.

Machine learning involves a two-step process: train-
ing and inference. During training, a machine learning
algorithm processes a dataset and chooses the function
that best matches the patterns in the data. The extracted
function will be encoded in a computer program in a par-
ticular form (such as if-then-else rules or parameters of
a specified equation). The encoded function is known as
a model, and the analysis of the data in order to extract
the function is often referred to as training the model.

12 CHAPTER 1

Essentially, models are functions encoded as computer
programs. However, in machine learning the concepts of
function and model are so closely related that the distinc-
tion is often skipped over and the terms may even be used
interchangeably.

In the context of deep learning, the relationship be-
tween functions and models is that the function extracted
from a dataset during training is represented as a neural
network model, and conversely a neural network model
encodes a function as a computer program. The standard
process used to train a neural network is to begin train-
ing with a neural network where the parameters of the
network are randomly initialized (we will explain network
parameters later; for now just think of them as values that
control how the function the network encodes works).
This randomly initialized network will be very inaccurate
in terms of its abﬂit;/ to match the relationship between
the various input values and target outputs for the ex-
amples in the dataset. The training process then proceeds
by iterating through the examples in the dataset, and,
for each example, presenting the input values to the net-
work and then using the difference between the output
returned by the network and the correct output for the ex-
ample listed in the dataset to update the network’s param-
eters so that it matches the data more closely. Once the
machine learning algorithm has found a function that is

sufficiently accurate (in terms of the outputs it generates
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matching the correct outputs listed in the dataset) for
the problem we are trying to solve, the training process
is completed, and the final model is returned by the algo-
rithm. This is the point at which the learning in machine
learning stops.

Once training has finished, the model is fixed. The sec-
ond stage in machine learning is inference. This is when
the model is applied to new examples—examples for
which we do not know the correct output value, and there-
fore we want the model to generate estimates of this value
for us. Most of the work in machine learning is focused on
how to train accurate models (i.e., extracting an accurate
function from data). This is because the skills and meth-
ods required to deploy a trained machine learning model
into production, in order to do inference on new examples
at scale, are different from those that a typical data scien-
tist will possess. There is a growing recognition within the
industry of the distinctive skills needed to deploy artifi-
cial intelligence systems at scale, and this is reflected in a
growing interest in the field known as DevOps, a term de-
scribing the need for collaboration between development
and operations teams (the operations team being the
team responsible for deploying a developed system into
production and ensuring that these systems are stable and
scalable). The terms MLOps, for machine learning opera-
tions, and AIOps, for artificial intelligence operations, are
also used to describe the challenges of deploying a trained

14 CHAPTER 1

model. The questions around model deployment are be-
yond the scope of this book, so we will instead focus on
describing what deep learning is, what it can be used for,
how it has evolved, and how we can train accurate deep
learning models.

One relevant question here is: why is extracting a
function from data useful? The reason is that once a func-
tion has been extracted from a dataset it can be applied
to unseen data, and the values returned by the function
in response to these new inputs can provide insight into
the correct decisions for these new problems (i.e., it can
be used for inference). Recall that a function is simply a
deterministic mapping from inputs to outputs. The sim-
plicity of this definition, however, hides the variety that
exists within the set of functions. Consider the following

examples:

o Spam filtering is a function that takes an email as
input and returns a value that classifies the email as

spam (or not).

» Face recognition is a function that takes an image as
input and returns a labeling of the pixels in the image

that demarcates the face in the image.

o Gene prediction is a function that takes a genomic DNA
sequence as input and returns the regions of the DNA

that encode a gene.

INTRODUCTION TO DEEP LEARNING 15
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- Speech recognition is a function that takes an audio
speech signal as input and returns a textual transcription

of the speech.

» Machine translation is a function that takes a sentence
in one language as input and returns the translation of

that sentence in another language.

It is because the solutions to so many problems across so
many domains can be framed as functions that machine

learning has become so important in recent years.

Why Is Machine Learning Difficult?

There are a number of factors that make the machine
learning task difficult, even with the help of a computer.
First, most datasets will include noise® in the data, so
searching for a function that matches the data exactly is
not necessarily the best strategy to follow, as it is equiva-
lent to learning the noise. Second, it is often the case that
the set of possible functions is larger than the set of ex-
amples in the dataset. This means that machine learning
is an ill-posed problem: the information given in the prob-
lem is not sufficient to find a single best solution; instead
multiple possible solutions will match the data. We can
use the problem of selecting the arithmetic operation (ad-
dition, subtraction, multiplication, or division) that best

16 CHAPTER 1

matches a set of example input-output mappings for an
unknown function to illustrate the concept of an ill-posed
problem. Here are the example mappings for this function

selection problem:
function(Inputs) = Output
function(1,1)=1
function(2,1)=2
function(3,1)=3

Given these examples, multiplication and division are bet-
ter matches for the unknown function than addition and
subtraction. However, it is not possible to decide whether
the unknown function is actually multiplication or divi-
sion using this sample of data, because both operations
are consistent with all the examples provided. Conse-
quently, this is an ill-posed problem: it is not possible to
select a single best answer given the information provided
in the problem.

One strategy to solve an ill-posed problem is to col-
lect more data (more examples) in the hope that the new
examples will help us to discriminate between the cor-
rect underlying function and the remaining alternatives.

Frequently, however, this strategy is not feasible, either

INTRODUCTION TO DEEP LEARNING 17

Progenics EX2029





