
3000 level MT modules

MT3501 Linear Mathematics 2

Semester
Semester 1

Year
2021/2

Credits
15.0

This module continues the study of vector spaces and linear transformations begun in
MT2501. It aims to show the importance of linearity in many areas of mathematics
ranging from linear algebra through to geometric applications to linear operators and
special functions. The main topics covered include: diagonalisation and the minimum
polynomial; Jordan normal form; inner product spaces; orthonormal sets and the
Gram-Schmidt process; adjoint and self-adjoint operators.

Timetable
 12.00 noon Mon (even weeks), Tue and Thu

Lecturer
 Prof James Mitchell

Prerequisites
 Before taking this module you must pass MT2501

Antirequisites
 

Lectures and tutorials
 2.5 lectures (x 10 weeks) and 1 tutorial (x 10 weeks).

Assessment
 2-hour Written Examination = 90%, Coursework = 10%

Module coordinator
 Prof J D Mitchell

Continuous assessment
Assessed tutorial-style questions: 10% of �nal mark.



Additional background to module

Vector spaces and linear transformations pervade both pure and applied mathematics,
statistics, and theoretical physics. In the is module you will develop a deeper
understanding of the topics introduced in MT2501 and will meet many of the most
important topics in linear mathematics.

Intended Learning Outcomes

By the end of this module students will be able to

Develop a deeper understanding of vector spaces and linear transformations
begun in MT2501
Appreciate the mathematical underpinnings of linear mathematics and their
application to solving problems in pure mathematics, applied mathematics,
theoretical physics, and statistics
Understand and be able to apply various computational methods, such as those
to �nd: the matrix of transformation; eigenvalues and eigenvectors;
determinants; diagonal, upper triangular, Jordan normal matrices; dual
transformation, basis, and spaces; quotient spaces, and quotient linear
transformations.
Show a geometric understanding of linear mathematics, and the way this
motivated the development of linear mathematics (for example, why matrix
multiplication is de�ned the way it is, the meaning of the determinant, and so
on)

Syllabus
Vector spaces: subspaces, spanning sets, linear independent sets, bases.
Linear transformations: rank, nullity, general form of a linear transformation,
matrix of a linear transformation, change of basis.
Direct sums, projection maps.
Diagonalisation of linear transformations: eigenvectors and eigenvalues,
eigenspaces, characteristic polynomial, minimum polynomial, characterisations
of diagonalisable transformations.
Jordan normal form: method to determine the Jordan normal form.
Inner product spaces: orthogonality, associated inequalities, some examples of
in�nite-dimensional inner product spaces, orthonormal bases, Gram-Schmidt
process, orthogonal complements, applications.
Adjoint of a transformation: self-adjoint transformations, diagonalisation of
self-adjoint transformations.

Assumed knowledge



Familiarity with solving systems of linear equations.
Matrices, their basic properties, determinants and the method of �nding the
inverse of a matrix (provided it has non-zero determinant).
Students will have met the de�nition of a vector space, basis, linear
transformation, and their properties.  These will be revised quite rapidly (and
more properties discussed) at the start of the course.

Reading list
Sheldon Axler, Linear Algebra Done Right, (3rd ed)

Print text supplementary reading material
T.S. Blyth & E.F. Robertson, Basic Linear Algebra, Second Edition, Springer
Undergraduate Mathematics Series, Springer-Verlag, 2002.
T.S. Blyth & E.F. Robertson, Further Linear Algebra, Springer Undergraduate
Mathematics Series, Springer-Verlag, 2002.
R. Kaye & R. Wilson, Linear Algebra, Oxford Science Publications, OUP, 1998.

MT3502 Real Analysis

Semester
Semester 1

Year
2021/2

Credits
15.0

This module continues the study of analysis begun in the 2000-level module MT2502
Analysis. It considers further important topics in the study of real analysis including:
integration theory, the analytic properties of power series and the convergence of
functions. Emphasis will be placed on rigourous development of the material, giving
precise de�nitions of the concepts involved and exploring the proofs of important
theorems. The language of metric spaces will be introduced to give a framework in
which to discuss these concepts.

Timetable
 11.00 am Mon (even weeks), Tue & Thu

Lecturer
 Prof Kenneth Falconer

Prerequisites
 Before taking this module you must pass MT2502

Antirequisites
 

https://encore.st-andrews.ac.uk/iii/encore/record/C__Rb2466342?lang=eng


Lectures and tutorials
 2.5-hours of lectures and 1 tutorial.

Assessment
 90% exam, 10% class test

Module coordinator
 Prof K J Falconer

Continuous assessment
50-minute class test: 10% of �nal mark.

Additional background to module

The module continues the study of analysis begun in MT2502 Analysis. It includes
further fundamental topics in real analysis including such as integration and the
fundamental theorem of calculus, convergence of sequences and series of functions,
and power series. The language of metric spaces will be introduced to show how such
concepts in analysis can be extended to a more general setting. The course will also
discuss countable and uncountable sets and the notion that 'there are many different
sizes of in�nity'. Emphasis will be placed on rigorous development of the material,
giving precise de�nitions and rigorous proofs of important theorems.

Intended Learning Outcomes

By the end of this module students will be able to

Appreciate the differing cardinalities of in�nite sets and be able to determine
whether sets are countable or uncountable
Understand the formal development of the Riemann integral and the proof of
the fundamental theorem of the calculus
Understand the utility of uniform convergence of sequences and series of
functions leading to differentiation and integration of power series
See how many ideas in analysis can readily be extended to the settings of
metric and normed spaces

Syllabus
Countable and uncountable sets, including standard examples, basic properties,
methods for showing sets are countable or uncountable.
Review of convergence of sequences and continuity of real functions; uniform
continuity.
Riemann integration, de�nition in terms of lower and upper sums, basic
properties, integrability of continuous and monotonic functions; integral of the
uniform limit of a sequence of functions; Fundemental Theorem of Calculus.



Power series, radius of convergence, differentiation and integration of power
series.
Introduction to convergence and continuity in normed and metric spaces,

examples, including uniform convergence and L1 convergence.

Reading list
J. Howie, Real Analysis, (Springer)
K.A. Ross, Elementary Analysis (Springer)
S. Abbott, Understanding Analysis (Springer)
T. Tao, Analysis 1 (Springer)
V.A. Zorich Mathematical Analysis 1 (Springer)

Print text supplementary reading material
John M. Howie, Real Analysis, Springer, 2016.
Robert G. Bartle & Donald R. Sherbert, Introduction to Real Analysis, 4th
Edition, Wiley, 2011.
Kenneth Ross, Elementary Analysis, 2nd edition, Springer, 2014.
David Brannan, A First Course in Mathematical Analysis, CUP, 2006.
DJH Garling, A Course in Mathematical Analysis, Vol.1, CUP, 2014. (More
advanced)

MT3503 Complex Analysis

Semester
Semester 1

Year
2021/2

Credits
15.0

This module aims to introduce students to analytic function theory and applications.
The topics covered include: analytic functions; Cauchy-Riemann equations; harmonic
functions; multivalued functions and the cut plane; singularities; Cauchy's theorem;
Laurent series; evaluation of contour integrals; fundamental theorem of algebra;
Argument Principle; Rouche's Theorem.

Timetable
 12.00 noon Mon (odd weeks), Wed and Fri

Lecturer
 Dr Feyisayo Olukoya and Prof Clare Parnell

Prerequisites
 Before taking this module you must pass MT2502 or pass MT2503

https://library.st-andrews.ac.uk/record=b2509863~S5
https://library.st-andrews.ac.uk/record=b2082051~S5
https://library.st-andrews.ac.uk/record=b2469333~S5
https://library.st-andrews.ac.uk/record=b2479197~S5
https://library.st-andrews.ac.uk/record=b2472065~S5


Antirequisites
 

Lectures and tutorials
 2.5 lectures (x 10 weeks) and 1 tutorial (x 10 weeks).

Assessment
 2-hour Written Examination = 90%, Coursework = 10%

Module coordinator
 Dr F A Olukoya

Additional background to module

In complex analysis, you will study the differentiable functions of a complex variable.
 A key technique is to integrate such a function around a closed curve and the module
presents some very powerful results that enable you to work with these integrals.
 You will learn various applications of the methods of complex analysis including to
calculate integrals of real functions.

Intended Learning Outcomes

By the end of this module students will be able to

State what it means for a function to be holomorphic, be able to determine
where complex-valued functions are holomorphic, and state and use the
Cauchy–Riemann equations
Verify that a real-valued function to be harmonic and to be able to �nd the
harmonic conjugate
Be able to state and use theorems concerning contour integration including
Cauchy’s Theorem, Cauchy’s Integral Formula, Cauchy’s Formula for Derivatives
and Cauchy’s Residue Theorem
Use properties of holomorphic functions including results such as Liouville’s
Theorem, the Fundamental Theorem of Algebra and Taylor’s Theorem
Be able to classify singularities of a complex-valued function and to calculate
the residue using the Laurent series and other standard methods
Apply the methods of complex analysis to calculate real integrals, determine
the value of in�nite sums, and to count the number of zeros of a function in
appropriate regions in the complex plane

Syllabus
Review of complex numbers
Holomorphic functions
Contour integrals and Cauchy's Theorem



Consequences of Cauchy's Theorem, including Liouville's Theorem, the
Fundamental Theorem of Algebra, and Taylor's Theorem
Harmonic functions
Singularities, poles and residues: Laurent's Theorem, classi�cation of isolated
singularities, and Cauchy's Residue Theorem
Application of contour integration: calculation of various integrals and in�nite
sums
Complex logarithms and related multifunctions: branch cuts
Counting zeros and poles: Rouché's Theorem and the Argument Principle

Reading list
V.K. Bhat, Fundamentals of complex analysis, Alpha Science International, Oxford
(2017)
Joseph Bak and Donald J. Newman, Complex analysis, Springer (2010)
F. Haslinger, de Gruyter, Complex analysis: a functional analytical approach (2018)

Print text supplementary reading material
John M. Howie, Complex Analysis, Springer Undergraduate Mathematics Series,
Springer, 2003
H. A. Priestly, Introduction to Complex Analysis, Second Edition, OUP, 2003

MT3504 Differential Equations

Semester
Semester 1

Year
2021/2

Credits
15.0

The object of this module is to provide a broad introduction to analytical methods for
solving ordinary and partial differential equations and to develop students'
understanding and technical skills in this area. This module is a prerequisite for
several other Honours options. The syllabus includes: existence and uniqueness of
solutions to initial-value problems; non-linear ODE's; Green's functions for ODE's;
Sturm-Liouville problems; �rst order PDE's; method of characteristics; classi�cation of
second order linear PDE's; method of separation of variables; characteristics and
reduction to canonical form.

Timetable
 9.00 am Mon (odd weeks), Wed and Fri

Lecturer

https://library.st-andrews.ac.uk/record=b1841173~S5


 Dr David Rees Jones
Prerequisites

 Before taking this module you must pass MT2503
Antirequisites

 
Lectures and tutorials

 2.5 lectures (x 10 weeks) and 1 examples class (x 10 weeks).
Assessment

 Written Examination = 100% (2-hour �nal exam = 90%, class test = 10%)
Module coordinator

 Dr D W Rees Jones

Additional background to module

This module will cover the standard, widely-used analytical methods for solving �rst
and second order ordinary differential equations (ODEs), and will introduce two
important methods for solving partial differential equations (PDEs), namely
separation of variables (for linear PDEs) and the method of characteristics (for
generally nonlinear PDEs).  These methods are important for the study of a huge
range of physical phenomena across the sciences, and this module provides the
essential foundation for solving ODEs and PDEs, where possible analytically.  This
module is a prerequisite for many other Honours modules. The syllabus includes:
existence and uniqueness of solutions to initial-value problems; non-linear ODEs;
Green's functions for ODEs; separation of variables for second order linear PDEs and
the associated Sturm-Liouville problem; solving �rst order PDEs by the method of
characteristics; classi�cation of second order linear PDEs and understanding when a
solution can be found.

Intended Learning Outcomes

By the end of this module students will be able to

Understand the basic solution methods for �rst and second order ordinary
differential equations (ODEs)
Be able to discuss existence and uniqueness of solutions to ODEs
Be able to solve inhomogeneous second order ODEs using Green functions
Find solutions of linear second order PDEs using the method of separation of
variables
Find solutions of �rst order PDEs using the method of characteristics and
combining the coupled ODEs arising
Classify second order PDEs as hyperbolic, parabolic or elliptic, as well as
understand the concepts of domain of dependence and range of in�uence



Syllabus
Existence and uniqueness of solutions to initial-value problems.
Non-linear ordinary differential equations.
Green's functions for ordinary differential equations.
Sturm-Liouville problems.
First-order partial differential equations; methods of characteristics.
Classi�cation of second-order partial differential equations; method of
separation of variables.
Characteristics and reduction to canonical form.

Reading list
Robinson, James C, An Introduction to Ordinary Differential Equations
Peter V. O’Neil, Beginning partial differential equations
George B. Arfken, Hans J. Weber, Mathematical methods for physicists

Print text supplementary reading material
W.E. Boyce & R.C. DiPrima, Elementary differential equations and boundary value
problems, Wiley.
Peter V. O'Neil, Beginning Partial Differential Equations, John Wiley, 1999.

MT3505 Algebra: Rings and Fields

Semester
Semester 2

Year
2021/2

Credits
15.0

This module continues the study of algebra begun in the 2000-level module MT2505
Abstract Algebra. It places emphasis on the concept of a ring and their properties,
which give insight into concepts of factorisation and divisibility. Important examples
such as polynomial rings will be used to motivate and illustrate the theory developed.

Timetable
 11.00 am Mon (odd weeks), Wed & Fri

Lecturer
 Dr Sophie Huczynska and Dr Thomas Coleman

Prerequisites
 Before taking this module you must pass MT2505

Antirequisites
 

https://encore.st-andrews.ac.uk/iii/encore/record/C__Rb3049890?lang=eng
https://encore.st-andrews.ac.uk/iii/encore/record/C__Rb2002236?lang=eng
https://encore.st-andrews.ac.uk/iii/encore/record/C__Rb1692252


Lectures and tutorials
 2.5 hours of lectures and 1 tutorial.

Assessment
 2-hour Written Examination = 90%, Coursework = 10%

Module coordinator
 Dr S Huczynska

Continuous assessment

Class test: 10% of �nal mark.

Additional background to module

This module builds on the study of Abstract Algebra which was begun in MT2505. It
shows how various familiar mathematical structures such as the integers, the real
numbers, sets of matrices and sets of polynomials can all be viewed as examples of a
structure called a "ring" which captures the property of having two operations
(addition and multiplication). We develop theory to understand rings in general,
which then enables us to better understand various properties of these examples -
some familiar and some new to us. We also take useful or interesting properties of
the motivating examples (eg number theory as performed in the integers) and see
how this can be meaningfully extended to other rings. In the process, we also brie�y
investigate a few other topics (for example the order theory of partially ordered sets)
and see how this can be used to prove ring theory results.

Intended Learning Outcomes

By the end of this module students will be able to

Appreciate how the de�nition of ring/�eld captures key properties of many
familiar mathematical examples (e.g. number systems, polynomials, matrices);
know and be able to work with the Ring Axioms
Be familiar with special types of ring (e.g. integral domain, division ring, �eld),
special types of substructure (e.g. subring, ideal, principal/prime/maximal ideal)
and quotient rings; be able to prove results about these
Be familiar with Zorn's Lemma and chain conditions for ideals (Noetherian and
Artinian) and be able to prove relevant results
Understand concepts such as divisibility, associates, primes and irreducibles and
hence the notion of unique factorization, and be able to work with these
Know the de�nition of norm and be able to perform norm calculations in
appropriate rings



Be able to work with polynomial rings and �elds of fractions; understand the
importance of quotients of polynomial rings in constructing �nite �elds and
know the Fundamental Theorem of Finite Fields

Syllabus
Rings: de�nitions, examples (integers, modulo arithmetic, polynomial rings,
etc.), de�nition of a �eld and its characteristic.
Subrings, the prime sub�eld of a �eld, ideals, homomorphisms, quotient rings,
the Isomorphism Theorems.
Integral domains, �eld of fractions.
Euclidean domains, polynomial rings (over �elds) as Euclidean domains,
Euclidean algorithm, greatest common divisors.
Prime ideals, maximal ideals, their links to the quotient rings.
The Chinese Remainder Theorem.  Applications of rings to number theory.
Prime ideals and maximal ideals in Euclidean domains, and in particular in
polynomial rings.
Principal ideal domains, examples.
Unique factorisation domains, theorem that if R is a UFD, then R[X] is a UFD.

Print text supplementary reading material
R.B.J.T. Allenby, Rings, Fields and Groups, 2nd ed., Edward Arnold, 1991.
T.S. Blyth & E.F. Robertson, Essential Student Algebra, Vol.3: Abstract Algebra,
Chapman & Hall, 1986.
T.S. Blyth & E.F. Robertson, Algebra Through Practice, Book 3: Groups, Rings and
Fields, CUP, 1984.
D.A.R. Wallace, Groups, Rings and Fields, Springer, 1998.

MT3506 Techniques of Applied Mathematics

Semester
Semester 2

Year
2021/2

Credits
15.0

Differential equations are of fundamental signi�cance in applied mathematics. This
module will cover important and common techniques used to solve the partial
differential equations that arise in typical applications. The module will be useful to
students who wish to specialise in Applied Mathematics in their degree programme.

Timetable



 12.00 noon Mon (odd weeks), Wed & Fri
Lecturer

 Dr David Rees Jones
Prerequisites

 Before taking this module you must pass MT2506 and pass MT3504
Antirequisites

 You cannot take this module if you take PH3081
Lectures and tutorials

 2.5 hours of lectures and 1 tutorial.
Assessment

 2-hour Written Examination =90%, Coursework = 10%
Module coordinator

 Dr D W Rees Jones

Additional background to module

This course continues the development of a range of techniques that can be used to
solve differential equations, including those related to Physics and Biology. We solver
wider classes of both ordinary and partial differential equations building on the
MT3504 Differential Equations course. The focus is on the heuristic development of
the theory of the methods and their practical usage. Examples include the use of the
Fourier Transform to solve the equations of thermal diffusion, the use of Green’s
functions to solve the equations of electrostatics, and the use of separation of
variables to solve the wave equation in various coordinate systems.

Intended Learning Outcomes

By the end of this module students will be able to

Understand the properties of the Fourier Transform and use it to solve
differential and integral equations
Solve Poisson’s equation as it arises in electrostatics and gravitation for
circularly and spherically symmetric situations
Understand the properties of solutions to Poisson’s equation including the
theory of Green’s functions and apply this to particular geometric situations
Calculate series solutions for second-order ordinary differential equations using
the method of Frobenius for regular singular points
Understand and apply the method of separation of variables to partial
differential equations, including knowledge of the special ordinary differential
equations that arise

Syllabus



Modelling and interpretation (generating ordinary and partial differential
equations).
Ordinary differential equations resulting from separation of variables of partial
differential equations (Laplacian operator in cylindrical and spherical
coordinates).
Frobenius methods for regular singular points.
Special functions, including Bessel functions, Legendre (and associated)
functions and Airy functions, Hermite, Laguerre, Heaviside and Delta functions.
Green's function solutions for partial differential equations; examples of
applications (e.g., Poisson's Equation for self-gravitation or electrostatics).
Vector calculus revision and application to physical problems: e.g., solutions to
grad p = F (where curl F = 0), curl B = j (Biot-Savart law), div E = rho_c, B = curl A
(using Stokes' Theorem).
Application to conservation laws (e.g., mass continuity as physical problem).

Print text supplementary reading material
William E. Boyce & Richard C. DiPrima, Elementary differential equations and
boundary value problems, Wiley, 2013.
Peter V. O’Neil, Beginning partial differential equations, Wiley-Interscience, 2008.
David Grif�ths, Introduction to Electrodynamics, Pearson, 2013.

MT3507 Mathematical Statistics

Semester
Semester 1

Year
2021/2

Credits
15.0

Together with MT3508, this module provides a bridge between second year and
Honours modules in statistics. It will provide students with a solid theoretical
foundation on which much of more advanced statistical theory and methods are built.
This includes probability generating functions and moment generating functions, as
well as widely used discrete distributions (binomial, Poisson, negative binomial and
multinomial) and continuous distributions (gamma, exponential, chi-squared, beta, t-
distribution, F-distribution, and multivariate normal). It will also provide a foundation
in methods of statistical inference (maximum likelihood and Bayesian) and model
selection methods based on information theory (AIC and BIC).

Timetable



 11.00 am Mon (odd weeks), Wed & Fri
Lecturer

 Dr Giorgos Minas
Prerequisites

 Before taking this module you must pass MT2508
Antirequisites

 
Lectures and tutorials

 2.5 hours of lectures and 1 tutorial.
Assessment

 2-hour Written Examination = 90%, Class Test = 10%
Module coordinator

 Dr G Minas

Continuous assessment

50-minute class test: 10% of �nal mark

Additional background to module

MT3507 provides a bridge between level 2000 and the more theoretical honours
modules in statistics. It presents mathematical tools used by statisticians to develop a
wide range of statistical methods. These tools include transformation theory, gamma
and beta distributions and their relationship with other standard distributions,
likelihood methods, Bayes Theorem and its use, the multivariate normal distribution,
the exponential family, information criteria and general linear models. The module
provides some grounding in the following areas: classical statistical inference, which
provides the framework for frequentist methods (see MT4606); Bayesian inference,
which was a minority interest until ef�cient computer algorithms led to a surge in
interest (see MT4531); generalized methods for modelling a wide range of data types
(see MT5761); and multivariate methods (see MT5758).

Intended Learning Outcomes

By the end of this module students will be able to

Derive moments of a wide range of random variables, given their probability
density functions or probability mass functions
Recognise the probability density functions of the following standard
distributions: normal (including multivariate normal); gamma; beta; chi-squared
Derive the probability density functions of transformed random variables, given
the pdf's of the untransformed variable



Understand the conceptual differences between frequentist and Bayesian
methods
Formulate a general linear model

Syllabus
Discrete data and distributions: Recap of probability generating functions;
Binomial data: normal approximation, con�dence intervals, dispersion test,
testing equality of two binomial proportions.
Poisson data: point estimation, con�dence intervals, dispersion test, comparison
of two Poisson counts.
Further standard discrete distributions: negative binomial, multinomial.
Continuous distributions: Recap of moment generating functions; Distribution of
a function of a single random variable, function of several random variables.
Some standard continuous distributions: gamma (including exponential and chi-
squared), beta, t, F.
Multivariate normal distribution.
Likelihood-based methods: The likelihood function; Maximum likelihood vs
Bayesian methods.
Maximum likelihood estimators: properties, variance and interval estimation;
Suf�cient statistics.
Bayes’ Theorem, prior and posterior distribution, conjugate priors, credible
intervals; Information criteria: AIC and BIC.
General (normal) linear model: The normal equations; Hypothesis testing.

Reading list
G. Casella & R.L. Berger, Statistical Inference, 2nd ed. (2002)
Panaretos, V. M., Statistics for mathematicians : a rigorous �rst course. Switzerland :
Birkhäuser,(2016)
Olive, D. J., Statistical Theory and Inference, Cham: Springer International
Publishing, (2014)
Suhov, Y. M., & Kelbert, M., Probability and Statistics by Example: Volume 1, Basic
Probability and Statistics, (2005)
Roussas, G. G., An Introduction to Probability and Statistical Inference (2003)
Dekking, F. M., Kraaikamp, C., Lopuhaä, H. P., & Meester, L. E., A modern
introduction to probability and statistics : understanding why and how, London :
Springer (2005).

Print text supplementary reading material
M.H. DeGroot & M.J. Schervish, Probability and Statistics, 4th edn
G.M. Clarke & D. Cooke, A Basic Course in Statistics, 5th edn
M. Fisz, Probability Theory & Mathematical Statistics

https://library.st-andrews.ac.uk/record=b2477171~S5
https://library.st-andrews.ac.uk/record=b2088097~S5
http://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=nlebk&AN=142709&site=eds-live&authtype=shib&custid=s3011414
http://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=nlebk&AN=195530&site=eds-live&authtype=shib&custid=s3011414
https://library.st-andrews.ac.uk/record=b2910748~S5


G. Casella & R.L. Berger, Statistical Inference, 2nd edn
J.G. Kalb�eisch, Probability and Statistical Inference, volume 2

MT3508 Applied Statistics

Semester
Semester 2

Year
2021/2

Credits
15.0

Together with MT3507, this module provides a bridge between second year and
Honours modules in statistics. It deals with the application of statistical methods to
test hypotheses and draw inferences from data. This includes a number of
nonparametric methods and statistical tests (goodness-of-�t tests and tests of
independence). Inference methods include model �tting by least squares and
maximum likelihood, and variance estimation by means of the information matrix and
the bootstrap. The framework of the generalised linear model is presented covering
parameter estimation, deviance, model selection and diagnostics. Further
applications include multiple regression, analysis of variance and the (normal) linear
model.

Timetable
 12.00 noon Mon (even weeks), Tue & Thu

Lecturer
 Dr David Borchers

Prerequisites
 Before taking this module you must pass MT2508

Antirequisites
 

Lectures and tutorials
 2.5 hours of lectures and 1 tutorial.

Assessment
 Examination = 80%, Coursework = 20%

Module coordinator
 Dr David Borchers

Continuous assessment

4 x 5% Moodle quizzes: 20% of �nal mark



Additional background to module

This module covers the fundamentals of statistical inference by maximum likelihood
(one of the two primary methods of inference, the other being Bayesian Inference). It
has a very applied �avour, focussing on problem-solving, with the key theoretical
results required for the problem-solving being presented without proofs. It is
intended to give students solid foundations for tackling a broad range of real-world
inference problems, and to give them practice doing so.

Intended Learning Outcomes

By the end of this module students will be able to

Understand inference by maximum likelihood suf�ciently well to conduct
maximum likelihood inference on unseen problems using the statistical
software R, and to draw appropriate conclusions
Be able to construct appropriate likelihood functions from non-mathematical
problem descriptions, for problems involving uncertainty, and in which
observations are independent
Be able to use R to implement likelihood functions, to maximise them with
respect to unknown parameters, and obtain con�dence intervals for model
parameters and functions of parameters
Understand the relationships between ANOVA models, linear regression models,
generalised linear models, and more general statistical models that do not fall
into any of these categories
Be able to conduct appropriate model selection and diagnostic tests for these
models, to assess model adequacy
Be able to obtain Wald con�dence intervals, pro�le likelihood con�dence
intervals, and bootstrap con�dence intervals for parameters and functions of
parameters

Syllabus
Nonparametric methods and goodness-of-�t: Types of data; Recap of
permutation and randomization tests; Sign test.
Wilcoxon signed ranks test; Mann–Whitney test.
Runs test; Goodness-of-�t tests: chi-squared and Kolmogorov–Smirnov test.
Chi-squared tests of homogeneity and independence.
Model �tting and quantifying precision: Least squares.
Maximum likelihood; Estimating variance using the information matrix.
Nonparametric bootstrap; Parametric bootstrap.
Statistical modelling: Multiple regression; Analysis of variance.
Factorial experiments; The general (i.e., normal) linear model.



Brief summary of GLMs and GAMs, and how to �t them.

Reading lists
S. Siegel & N.J. Castellan Jr., Nonparametric Statistics for the Behavioral
Sciences, 2nd edn
W.J. Conover, Practical Nonparametric Statistics, 3rd edn
Richard D. De Veaux, Paul F. Velleman & David E. Bock, Stats: Data and Models,
Pearson/Addison Wesley, 2005.
Bryan F.J. Manly, Randomization, Bootstrap and Monte Carlo Methods in Biology,
Chapman & Hall, 2007

MT3510 Introduction to Mathematical Computing

Semester
Semester 2

Year
2022/3

Credits
15.0

Computation is an important part of a modern mathematician's toolkit, and this
module introduces computing. This module develops foundational computing skills in
Python and sharpens these skills through practice with exploration and problem-
solving within the contexts of Applied, Pure, and Statistical Mathematics.

Timetable
 A number of tutorial times will be available during the week. Lectures will be
in a pre-recorded format, released roughly on the days indicated (Monday (Odd),
Wednesday, Friday).

Lecturer
 

Prerequisites
 If not already passed you must take 1 module from MT3501-MT3508.

Antirequisites
 

Lectures and tutorials
 1 tutorial (x 11 weeks)

Assessment
 1 x 20% team project, 2 x 25% individual projects, 30% assessed tutorial work

Module coordinator
 



This module runs every year.

Continuous Assessment

1 x 20% team project, 2 x 25% individual projects, 30% assessed tutorial work

Intended Learning Outcomes

By the end of this module students will be able to

Decompose a mathematical or statistical problem into its constituent parts,
recognise the hypotheses (input) and the desired conclusions (output), and
implement this understanding as a computer program.
Construct modular computer programs using the basic control structures
(conditionals, loops, function calls); compound data structures (numerical,
arrays, and dictionary); and algorithms combining control and data structures.
Read and analyse the structure of a program; assess its �tness for purpose;
assess its asymptotic ef�ciency; conduct error analysis and correct errors
(debugging).
Work with data: acquiring data from �les or the web; visualisation; numerical
manipulation; networks; plots; and text manipulation.
Write programs to solve problems in selected mathematical domains, including
a selection from computational algebra and combinatorics; numerical analysis
and optimization; data analysis.

MT3802 Numerical Analysis

Semester
Semester 1

Year
2021/2

Credits
15.0

The module will introduce students to some topics in numerical analysis, which may
include methods of approximation, iterative methods for solving systems of linear
equations, numerical techniques for differential equations.

Timetable
 10.00 am Mon (odd weeks), Wed and Fri

Lecturer
 Dr Aidan Naughton

Prerequisites



 Before taking this module you must pass MT2501
Antirequisites

 
Lectures and tutorials

 2.5 lectures (x 10 weeks) and 1 tutorial (x 10 weeks).
Assessment

 2-hour Written Examination = 70%, Coursework = 30%
Module coordinator

 Dr A Naughton

Additional background to module

Numerical analysis studies algorithms that provide an approximation to the solution
of a problem when �nding the exact solution is impractical. It is important to be able
to prove error bounds for the algorithm as well as the rate of convergence. Numerical
analysis uses computers extensively and the use of numerical algorithms has
expanded massively in recent decades – it is now used extensively in engineering,
medicine, business and many other areas.

Intended Learning Outcomes

By the end of this module students will be able to

Understand key mathematical techniques in numerical analysis
Identify and apply appropriate mathematical techniques to approximate
functions using different norms
Apply the concepts of rate of convergence and error bounds
Design computer code to investigate and analyse problems in numerical
analysis

Syllabus
Norms (ways to measure errors).
Iterative methods to solve linear systems of equations.
Approximations to functions.
Best approximations.
Numerical techniques for differential equations.

Assumed knowledge

It will be assumed that students have a good knowledge of basic matrix methods
(inversion, multiplication, etc.).

Reading list



G.M. Phillips & P.J. Taylor, Theory & Applications of Numerical Analysis, Academic
Press, 2nd Edition, 1996
Walter Gautschi, Birkhauser, Numerical analysis, c2012
Harold Cohen, Numerical approximation methods, Springer Science+Business
Media, LLC, c2011
Gregoire Allaire, Sidi Mahmoud Kaber ; translated by Karim Trabelsi, Numerical
linear algebra, Springer, c2008

Print text supplementary reading material
G.M. Phillips & P.J. Taylor, Theory and Applications of Numerical Analysis.

http://eds.a.ebscohost.com/eds/detail/detail?vid=0&sid=46ceebed-a167-4c4c-9aee-9e32eff4fc49%40sdc-v-sessmgr03&bdata=JkF1dGhUeXBlPXNoaWImc2l0ZT1lZHMtbGl2ZQ%3d%3d#AN=207174&db=nlebk
https://library.st-andrews.ac.uk/record=b2075268~S5
https://library.st-andrews.ac.uk/record=b1909709~S5
https://library.st-andrews.ac.uk/record=b1834268~S5

