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Overview

Starting from classical notions of shrinkage and sparsity, this course covers regularization methods that are
crucial to high-dimensional statistical learning. The syllabus includes feature selection and model selection, as
well as linear and nonlinear techniques for regression and classification. The course focuses on methodological
and algorithmic aspects while introducing the underlying theoretical foundations. Lectures alternate with
practical sessions on real datasets in R or Python. Prerequisites are linear algebra, R or Python programming,
and multiple linear regression.

Learning objectives

e Select appropriate statistical learning methods for regression and classification tasks.

e Implement regularization, feature selection and model selection procedures in R or Python.

e Compare leading procedures using statistical and algorithmic arguments.

e Assess the prediction performance of a learning algorithm using suitable validation strategies.
e Apply the main ideas of the course to class activities and real datasets using statistical software.

Keywords

model selection - shrinkage - sparsity - regularization - high-dimensional learning - splines - generalized
additive models - support vector machines - boosting

Provisional outline

The course consists of around 9 sessions of 2 hours, provisionally at MSE from January to March. This
information is indicative and can be subject to change.

Sessions Topic Content

1 Subset selection Best subset selection; stepwise selection; feature selection;
criteria for choosing the optimal model.

2 Shrinkage methods I Ridge regression; the lasso; regularization paths; sparsity
and high-dimensional regression.

3-4 Shrinkage methods II | Selecting the tuning parameter; cross-validation;
and tuning prediction error; practical implementation in R or Python.
5-6 Basis expansions and | Polynomial and spline bases; smoothing splines; choosing
regularization the smoothing parameter; bias-variance trade-off.
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7 Generalized additive GAMs for regression problems; GAMs for classification
models problems; interpretation and practical fitting.
8-9 SVM and boosting Support vector machines; kernels; boosting; comparative

assessment of methods on real datasets.

Course material

Reference text: Hastie, T., Tibshirani, R., & Friedman, ]. (2009). The Elements of Statistical Learning: Data
Mining, Inference, and Prediction. Springer. Free download.

Reference text: James, G., Witten, D., Hastie, T., & Tibshirani, R. (2013). An Introduction to Statistical Learning.
Springer. Free download.
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https://hastie.su.domains/ElemStatLearn/
https://www.statlearning.com/

