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Prerequisites

Students should have basic knowledge of statistics, linear algebra and linear models and programming skills. A
previous experience with statistical software "R" will be helpful.

Objectives and Contextualisation

The aim of this course is to learn and apply various mathematical and statistical methods related to the
discovery of relevant patterns in data sets. Nowadays, huge amounts of data are being generated in many
fields, and the goal of this course is to learn how to extract information from such data. This process is often
called learning from data.

To begin with, we shall discuss two basic tools: k-nearest neighbours and linear regression. Then we shall
move to other linear methods, both classical and more modern (such as lasso).

Another topic well be non-linear statistical learning, mainly tree-based methods, and support vector machines.
We shall also consider a setting in which we only have input variables, but no output. In particular, we present
principal component analysis, K-means clustering and hierarchical clustering.

We will also focus in clustering methods but with a markedly different approach, using topology based methods
to extract insights from the shape of complex data sets.

Skills

Analyse, synthesise, organise and plan projects in the field of study.
Apply logical/mathematical thinking: the analytic process that involves moving from general principles to
particular cases, and the synthetic process that derives a general rule from different examples.
Apply techniques for solving mathematical models and their real implementation problems.
Conceive and design efficient solutions, applying computational techniques in order to solve
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Conceive and design efficient solutions, applying computational techniques in order to solve
mathematical models of complex systems.
Formulate, analyse and validate mathematical models of practical problems in different fields.
Isolate the main difficulty in a complex problem from other, less important issues.
Solve complex problems by applying the knowledge acquired to areas that are different to the original
ones.

Learning outcomes

Analyse, synthesise, organise and plan projects in the field of study.
Apply Bayesian statistical techniques to predict the behaviour of certain phenomena.
Apply logical/mathematical thinking: the analytic process that involves moving from general principles to
particular cases, and the synthetic process that derives a general rule from different examples.
Identify real phenomena as models of stochastic processes and extract new information from this to
interpret reality.
Isolate the main difficulty in a complex problem from other, less important issues.
Solve complex problems by applying the knowledge acquired to areas that are different to the original
ones.
Solve real data analysis problems by identifying them appropriately from the perspective of Bayesian
statistics.
Use appropriate statistical packages and Bayesian methods solutions to solve specific problems.

Content

1. Introduction: Statistical learning, concept, methods, and basic examples: knn and regression.

2. Linear methods (logistic regression, linear discriminant analysis, lasso).

3. Non-linear methods.

4. Tree-based methods (regression and clssification trees, bagging, boosting and random forests).

5. Support vector Machines

5. Unsupervised learning: PCA and KNN

6. Topological data analysis.

Methodology

Lectures, supervised exercices and autonomous activities directed to realise a data analysis project based on
statistical and topological learning tools.

Activities

Title Hours ECTS Learning outcomes

Type: Directed

Lectures 38 1.52 1, 4, 7

Type: Supervised

Completion of exercices 36 1.44 2, 3, 7, 8

Type: Autonomous
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Personal study, readings 20 0.8 2, 4, 7

Project 44 1.76 1, 2, 3, 4, 5, 6, 7, 8

Evaluation

The following factors will be taken into account:

Exercises (60%): Completion and presentation of the proposed exercises. Due dates will be anounced during
the course and will be strict.

Project (40%) (in pairs): The student proposes a project related to the contents of the course that must be
approved by the professors. It might be executed in pairs. A final report and a public presentation are
compulsory.

Evaluation activities

Title Weighting Hours ECTS Learning outcomes

Exercices 0,6 6 0.24 2, 3, 4, 5, 6, 7, 8

Project 0.4 6 0.24 1, 2, 3, 4, 5, 6, 7, 8
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