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Statistics, data science and machine learning form important fields
of research in modern science. They describe how to learn and
make predictions from data, as well as allowing us to extract
important correlations about physical process and the underlying
laws of motion in large data sets. The latter, big data sets, appear
frequently in essentially all disciplines, from the traditional Science,
Technology, Mathematics and Engineering fields to Life Science,
Law, education research, the Humanities and the Social Sciences. It
has become more and more common to see research projects on big
data in for example the Social Sciences where extracting patterns
from complicated survey data is one of many research directions.
Having a solid grasp of data analysis and machine learning is thus
becoming central to scientific computing in many fields, and
competences and skills within the fields of machine learning and
scientific computing are nowadays strongly requested by many
potential employers. The latter cannot be overstated, familiarity
with machine learning has almost become a prerequisite for many

of the most exciting employment opportunities, whether they are in
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Learning outcomes

These lectures aim at giving you an overview of central aspects of
statistical data analysis as well as some of the central algorithms
used in machine learning. We will introduce a variety of central
algorithms and methods essential for studies of data analysis and
machine learning.

Hands-on projects and experimenting with data and algorithms
plays a central role in these lectures, and our hope is, through the
various projects and exercies, to expose you to fundamental
research problems in these fields, with the aim to reproduce state of
the art scientific results. You will learn to develop and structure
large codes for studying these systems, get acquainted with
computing facilities and learn to handle large scientific projects. A
good scientific and ethical conduct is emphasized throughout the
course. More specifically, you will

@ learn about basic data analysis, Bayesian statistics, Monte
Carlo methods, data optimization and machine learning;
@ be capable of extending the acquired knowledge to other

‘ Types of Machine Learning

The approaches to machine learning are many, but are often split
into two main categories. In supervised learning we know the
answer to a problem, and let the computer deduce the logic behind
it. On the other hand, unsupervised learning is a method for finding
patterns and relationship in data sets without any prior knowledge
of the system. Some authours also operate with a third category,
namely reinforcement learning. This is a paradigm of learning
inspired by behavioral psychology, where learning is achieved by
trial-and-error, solely from rewards and punishment.

Another way to categorize machine learning tasks is to consider the
desired output of a system. Some of the most common tasks are:

o Classification: Outputs are divided into two or more classes.
The goal is to produce a model that assigns inputs into one of
these classes. An example is to identify digits based on
pictures of hand-written ones. Classification is typically
supervised learning.

o Regression: Finding a functional relationship between an input




