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Prerequisites

A prerequisite for this course is MATH2901 (Higher Statistical Theory). A
recommended prerequisite is a course on linear algebra like MATH2501/2601.

Delivery Mode:

On regular weeks, there will be two 2-hour lectures, currently delivered online
via Moodle. There will also be a 1-hour tutorial (a total of 5 contact hours per
week). Moodle will be your primary resource for obtaining course materials
such as lecture notes and assignments.

The online teaching schedule is as follows.

day time
Tuesday Lecture 16:00-18:00
Thursday Tutorial 10:00-11:00
Friday Lecture 09:00-11:00
Friday Tutorial 11:00-12:00

Syllabus topics:

Week 1 Review of Practical Linear Algebra (needed for Linear Models)
Week 2 Supervised Learning and the Regression Function
Week 3 Risk Tradeoffs in Statistical Learning
Week 4 Training of the Multivariate Linear Model
Week 5 Polynomial/Simple Regression
Week 6 —
Week 7 Model Inference and Prediction
Week 8 Ridge & Lasso Linear Regression
Week 9 Algorithms for Model Selection
Week 10 (time permitting) Logistic/Poisson generalized linear models

2



Course Description

Statistics is about using probability models to make decisions from data in
the face of uncertainty. This course gives an introduction to the process of
building statistical models using an important class of models (linear models).
In a linear model we try to predict or explain variation in a response variable
in terms of related quantities (predictors). The relationship between the
expected response and predictors is assumed to be linear. Topics covered
in the course include how to estimate parameters in linear models, how to
compare models, how to select a good model or models when prediction of
the response is the goal. Concepts are illustrated with applications from the
natural and social sciences.

Course Learning Outcomes

1. Be familiar with concepts of error and risk in supervised learning.

2. Be able to compute the formulas for the simple linear regression from
first principles.

3. Be able to derive the estimators for the multivariate linear regression.

4. Be able to quantify uncertainty in the trained linear model (derive
distributional properties of the model parameters etc).

5. Be able to write simple algorithms, interpret and explain computer gen-
erated output. In particular, be able to implement a simple algorithm
that trains a linear model and makes a prediction.

6. Understand how to perform model selection for multivariate linear
models.

Teaching Strategies

Lecture notes provide the main reference source for this course. New ideas
and skills are first introduced and demonstrated in lectures, and then stu-
dents develop these skills by applying them to specific tasks using computer
software and during assignment exercises. Computing skills are developed
and practiced in self-managed computer sessions. Assessment in this course
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will use problem-solving tasks of a similar form to those practiced in theo-
retical assignment problems and developed through computer programming
and computation.

Effective learning is best supported by a climate of inquiry, in which students
are actively engaged in the learning process during lectures by asking and
answering questions relevant to the material being presented. This course is
structured with a strong emphasis on problem-solving tasks in assignment
problems.

Assessment

Assessment in this course will use problem-solving tasks of a similar form
to those expounded in lectures and practised on assignment exercises and
self study, to encourage the development of the core analytical and program-
ming skills underpinning this course and the development of strong rigorous
and mathematical thinking. The assignment problems will concentrate on
developing your mathematical problem solving skills and your capacity to
implement simple algorithms for time series.

Assessment Weight Date
(Online) Final Exam 60% See examinations timetable.
Assignment/Quiz 1 15% by week 3 or earlier
Assignment/Quiz 2 20% by week 9 or earlier
Online Class Participation 5% Throughout semester

Course assessment will consist of 60% final examination (2 hours). Two writ-
ten assignments will be set on computational, modelling and theoretical as-
pects of the course. The class participation bonus will require a student to an-
swer at least one question during the course of all lectures/consultations/tutorials.

Recommended Reading Material

Some content for this course is drawn from a number of text books in order
that you might use these for more detailed reading than is provided in the
Lecture Notes. These sources are as follows:

• (less advanced) Dirk P. Kroese and Joshua CC Chan. Statistical mod-
eling and computation. New York: Springer, 2014.
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• (more advanced) Dirk P. Kroese et al. Data Science and Machine
Learning: Mathematical and Statistical Methods. CRC Press, 2019.
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