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Welcome
Welcome to the 2016 edition of the Young Researchers in Mathematics conference! Thank you for
joining us in the idyllic seaside town of St Andrews and for participating in this annual student-run
event. We hope that this conference provides a relaxed atmosphere in which you can introduce
yourself to other participants, discover what research is happening in your area at other universities
and, potentially, begin new collaborative projects.
We hope that you enjoy the conference and that you find all of the plenary, keynote and track talks
both interesting and engaging. Please don’t be afraid to ask questions in the talks or to approach
speakers if you want to ask follow-up questions and engage in longer conversations, mathematical or
otherwise.
If you have any questions then approach a St Andrean (look for a YRM 2016 branded grey or
white t-shirt) and we’ll be more than happy to help. Most importantly, enjoy your time here at
YRM 2016!
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An engineer, a physicist and a mathematician find themselves in an anecdote, indeed an anecdote quite similar to many that
you have no doubt already heard. After some observations and rough calculations the engineer realizes the situation and starts
laughing. A few minutes later the physicist understands too and chuckles to himself happily as he now has enough experimental
evidence to publish a paper.
This leaves the mathematician somewhat perplexed, as he had observed right away that he was the subject of an anecdote,
and deduced quite rapidly the presence of humour from similar anecdotes, but considers this anecdote to be too trivial a corollary
to be significant, let alone funny.

Information
If you have any questions then please ask a member of the organising committee, all of whom
will be wearing grey t-shirts complete with YRM 2016 branding.
YRM 2016 is being held in the School of Physics and Astronomy at the University of St
Andrews. A map of the town, with all conference venues clearly highlighted, can be found at the
rear of this booklet.
Registration for the conference takes place from 09:00 until 10:00 on Monday 1st August in the
Physics Foyer. Anyone arriving after this time should approach a member of the organising committee
in order to pick up their conference pack. The conference will be officially opened at 10:00 with a
welcome talk in Theatre A.
Please ensure that you wear your conference badge at all times, especially during tea and coffee
breaks and lunch. This allows us to check that only conference participants are taking the provided
food and drink.

Contributed Talks
If you have contributed a talk then you should find / will be found by your session chair during
the break preceding the session in which you are scheduled to talk. All rooms are equipped with
whiteboards, computers and digital projectors. If you are using a slideshow then it is most preferable
to transfer your slides to a USB stick. We will endeavour to connect external laptops to the projector
system if necessary.
All contributed talks should last a maximum of 20 minutes and will be followed by up to five
minutes of questions. In order to allow people time to move rooms in between talks, session chairs
will interrupt presenters once 20 minutes has passed from the start of their talk.

Presenting a Poster
If you are presenting a poster as part of the poster competition then you should ensure that you give
your poster to a member of the organising committee during the day on Monday 1st August. We
will ensure that your poster is displayed prior to the start of the poster competition.
During the poster competition you should stay near your poster and await any questions from
the judges or other conference participants. The atmosphere will be very relaxed and informal. Best
of luck!

Workshops
Throughout the week there will be three different workshops to enhance your transferable skills.
These are given by ThinkTank Maths Limited, Dr Jonathan M Fraser, and The Brilliant Club.
Further details can be found in the schedule and the abstract section.

Food and Drink
Breakfast is provided for those staying in university halls of residence, namely Agnes Blackadder Hall
and McIntosh Hall. For everyone else, there are numerous cafes and shops located in town offering
breakfast for reasonable prices.
Lunch is provided each day and will be served in the Physics Foyer at 13:00 on Monday, Tuesday
and Wednesday, and 12:45 on Thursday.
Tea and Coffee will be served in the Physics Foyer each day at 10:00 (except Monday, where it
will be served between 09:00 and 10:00), with lunch, and at 15:00 (except Thursday).
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Dinner is not provided with the exception of the Winton Capital Conference Dinner, which takes
place at Lower College Hall on Wednesday 3rd August at 19:00. Guided walks to the dinner venue will
leave Agnes Blackadder Hall at 18:30, the School of Physics and Astronomy at 18:35 and McIntosh
Hall at 18:50. Snacks will be provided at both wine receptions. For other evening meals we suggest
exploring the pubs and restaurants that the town has to offer.

Accommodation
If you have booked accommodation in university halls of residence (either Agnes Blackadder Hall or
McIntosh Hall) then you can check in from 14:00 on your arrival day. In each residence you should
proceed to the hall reception in order to check in. You must check out by 10:00 on your departure
day. Breakfast is included in both of these residences.
We are able to securely store participants’ luggage on Monday 1st August between 09:00 and
18:30 and on Thursday 4th August between 08:30 and 13:30. To access this room during these times
you should contact a janitor or a member of the organising committee.

Parking
Free parking is available at Agnes Blackadder Hall (KY16 9XW) and Petheram Bridge Car Park
(KY16 9SG). No parking is available at the School of Physics and Astronomy. Pay & Display street
parking is available throughout town.

WiFi Access
WiFi access is through Eduroam, which is available in the School of Physics and Astronomy as well
as both accommodation venues. We advise you to set up this connection at your home institution
before travelling to St Andrews.

All information is correct at the time of print. Any changes will be communicated via notices at the registration desk.
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Careers in Data Analytics & Scientific Software for
STEM Graduates & Postgraduates
Tessella is a global analytics and data science consulting services company that works
with some of the world’s leading organisations in energy, life sciences, consumer goods
and the public sector. We are scientists and engineers who enjoy solving complex, realworld problems that call upon our deep domain knowledge and technical expertise.
Challenging and Rewarding Careers
Throughout the year, we recruit high-achieving
science, mathematics and engineering graduates and
postgraduates with programming experience, ideally in an
object-oriented language.
The services we offer clients include data analytics,
informatics expertise and scientific software engineering.
We seek exceptional individuals to join us and work across
all of these areas on exciting projects for our illustrious
customers.
From increasing productivity in the development of
new medicines to designing satellites to observe and
understand the universe, the projects we undertake
require innovative thinking and the ability to adapt to new
technologies, industries and environments.

As well as a competitive salary and benefits package, we
also offer excellent future prospects. From growing your
technical abilities to developing leadership skills, we offer
tailored career development based on your aspirations.
This is supported by our industry-leading training package
– all of our staff have an annual training allowance of
150 hours, which can be used to learn new technologies,
develop soft skills or earn recognised professional
qualifications.
To find out more about Tessella and the challenging and
rewarding careers we offer, please visit our careers site:
http://jobs.tessella.com

www.tessella.com | jobs@tessella.com
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Jiawen Zhang (Southampton)
Asymptotic growth function for
coarse median groups

11:00 – 11:30

11:30 – 12:00

13:00 – 14:00

Khawlah Ali Mustafa (Leeds)
Projective Line Over a Ring and
Möbius Transformation

Tobias Hartung (KCL)
Integration in Algebras of Fourier
Integral Operators

Aamena Al-Qabani (Reading)
Fredholm Properties of Toeplitz
Operators on Fock Spaces Fαp

Analysis
Theatre C

Plasma Theory Keynote:
Professor Philippa Browning (University of Manchester)
Magnetic reconnection in twisted flux ropes in solar flares and spherical
tokamaks
Theatre C
Lunch in the Foyer

Erietta Moulopoulou (Leeds)
Modeling the motion of waves in a
‘slice’ of beach

Nayab Khalid (St Andrews)
An Introduction to Rearrangement
Groups

10:30 – 11:00

12:00 – 13:00

Tom Elsden (St Andrews)
Sensing the Earth’s Magnetosphere:
Ultra Low Frequency Waveguide
Modes

Casey Donoven (St Andrews)
Transducers and Fractals

Algebra Keynote:
Professor Victoria Gould (University of York)
Groups and idempotents
Theatre B

Plasma Theory / Fluid
Mechanics
Theatre A

Welcome and Introduction, Theatre A

10:00 – 10:30

Algebra
Theatre B

Arrivals & Registration with Tea & Coffee in the Foyer

09:00 – 10:00

Monday Morning

Dr Jonathan M Fraser
On giving talks
Room 223
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Alex Wendland (Warwick)
Planar Groups

Natalia Jurga (Warwick)
Dimension of Bernoulli measures for
some piecewise expanding maps

16:30 – 17:00

Wine Reception and Poster Competition in the Foyer

Rachael Carey (St Andrews)
Graph Automatic Semigroups

Jason Tomas Dungca (Bristol)
Phase Transitions of the Multifractal
Spectrum

16:00 – 16:30

17:00 – 18:30

Charles Cox (Southampton)
When does xy equal yx?

George Kenison (Warwick)
Asymptotics in conjugacy classes for
free group actions

15:30 – 16:00

Zara Ghodsi (Bournemouth)
From nature to maths: Improving
forecasting performance in
subspace-based methods using
genetics Colonial Theory

Nicolas Loizou (Edinburgh)
A new perspective on Randomised
Gossip Algorithms

Syafiq Johar (Oxford)
Numerics for Singularity Formation
in Ricci Flow

Numerical Analysis
Theatre A

15:00 – 15:30
Algebra
Theatre C

Tea & Coffee in the Foyer

14:00 – 15:00

Dynamical Systems & Ergodic
Theory
Theatre B

Plenary Lecture:
Professor Peter Cameron (Queen Mary University of London / University of St Andrews)
Mathematics with and without CFSG
Theatre A

Monday Afternoon

Dr Jonathan M Fraser
On giving talks
Room 223
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13:00 – 14:00

12:00 – 13:00

Topology Keynote:
Professor Sarah Whitehouse (University of Sheffield)
Associativity from a topologist’s point of view
Theatre B
Lunch in the Foyer

John Sylvester (Warwick)
Random walk hitting times and
electrical resistances in Erdős-Rényi
random graphs

Watthanan Jatuviriyapornchai
(Warwick)
Coarsening dynamics in condensing
zero-range processes and size-biased
birth death chains

Statistics Keynote:
Professor Adrian Bowman (University of Glasgow)
Statistics with a human face
Theatre C

Ana Rojo (Kent)
Moving frames and Finite Difference
Noether Conservation Laws

Katie Vokes (Warwick)
Geometry of curve graphs and
mapping class groups

Scott Harper (Bristol)
3
-Generation
of Finite Groups
2

11:00 – 11:30

11:30 – 12:00

Johar Ashfaque (Liverpool)
F-Theory GUTs and LHC Di-Photon
Excess

Jinan Raheem Al-asady (Leicester)
3-Groupoid of Chain Complexes and
Its Matrix Formulation

Daniel Rogers (Warwick)
Maximal subgroups of classical
groups in defining characteristic

10:30 – 11:00

Deepthee Madenoor Ramapriya
(Nottingham)
Phase-Space approach for
propagating correlation functions

Siti Fatimah Zakaria (Leeds)
Analytic properties of the 3-state
Potts model partition function on
square lattices

Ronja Kuhne (Warwick)
Train Tracks and Laminations

Feyisayo Olukoya (St Andrews)
The order problem in some subgroups
of the Rational group

Probability
Room 233

Mathematical Physics
Theatre B

Topology
Theatre C

Tea & Coffee in the Foyer

Logic & Set Theory Keynote:
Professor Philip Welch (University of Bristol)
Proving theorems about projective sets of reals from Reflection
Theatre C

Algebra
Theatre A

10:00 – 10:30

09:00 – 10:00

Numerical Analysis Keynote:
Dr Penny Davies (University of Strathclyde)
Something Old, Something New...
Theatre B

Tuesday Morning
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Tea & Coffee in the Foyer

14:00 – 15:00

15:00 – 15:30

The Workshop
Room 301

Jack Skipper (Warwick)
Energy Conservation of Euler Equations on T3 and R3+

Sam Brzezicki (Imperial College)
Solving 2D Stokes Flow problems using Complex Analysis

16:00 – 16:30

16:30 – 17:00

Public Lecture:
Professor Michael E McIntyre (University of Cambridge)
What has the Antarctic ozone hole to do with biological evolution? Selfish-gene theory isn’t the Answer to Everything
Theatre A
Wine Reception

18:00 – 19:00

19:00 – 19:30

17:00 – 17:30

ThinkTank Maths Limited (Edinburgh)

Wojciech Ozanski (Warwick)
Singularities in the 3D incompressible Navier-Stokes equations

15:30 – 16:00

Fluid Mechanics
Theatre B

Plenary Lecture:
Professor Clément Mouhout (University of Cambridge)
to be confirmed
Theatre A

Tuesday Afternoon
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Helena Peña (Greifswald)
Approximation of fractal measures on
R

Christian Bean (Reykjavı́k)
Struct: Finding Structure in
Permutation Sets

11:00 – 11:30

11:30 – 12:00

13:00 – 14:00

Avan Al-saffar (Sheffield)
Sustainable theory in a Logistic
model - Fisher Information approach

Luthais McCash (Abertay)
Stochastic Influence in Gene
Regulatory Networks

Elizabeth Holden (Nottingham)
A multiscale multiphase model for
tissue growth

Fluid Mechanics Keynote:
Professor Michael E McIntyre (University of Cambridge)
Jetstreams, vortices, and the Antarctic ozone hole
Theatre C
Lunch in the Foyer

Laura Venieri (Helsinki)
Dimension estimates for generalized
Kakeya sets in an axiomatic setting

Alex Rogers (Kent)
Polynomial Identity Degrees of
Quantum Algebras at Roots of Unity

10:30 – 11:00

12:00 – 13:00

Douglas Howroyd (Manchester)
Dimensions of self-affine carpets

William Norledge (Newcastle)
Maximal torsion-free subgroups of
certain lattices of hyperbolic buildings
and Davis complexes

Fractal Geometry & Dynamical Systems Keynote:
Professor Maarit Järvenpää (University of Oulu)
Random covering sets
Theatre B

Fractal Geometry
Theatre B

Mathematical Biology
Theatre A

Number Theory Keynote:
Professor Samir Siksek (University of Warwick)
Sums of seven cubes
Theatre C
Tea & Coffee in the Foyer

Algebra / Combinatorics
Theatre C

10:00 – 10:30

09:00 – 10:00

Mathematical Physics Keynote:
Dr Jan Gutowski (University of Surrey)
Geometry and Black Holes
Theatre B

Wednesday Morning

The Brilliant Club
4 great ways to teach your research to
non-experts
Room 233
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Adelina Manzateanu (Bristol)
Rational Curves on Cubic Hypersurfaces over Fq

16:30 – 17:00

19:00 –

Winton Capital Conference Dinner (followed by Ceilidh) at Lower College Hall

The Workshop
Room 301

Kirsti Biggs (Bristol)
Waring’s problem with shifts

16:00 – 16:30

17:00 – 17:30

ThinkTank Maths Limited (Edinburgh)

Demi Allen (York)
A Mass Transference Principle for systems of linear forms

Number Theory
Theatre B

Tea & Coffee in the Foyer

Probability Theory Keynote:
Dr Jon Warren (University of Warwick)
Growth models and the eigenvalues of random matrices
Theatre C

15:30 – 16:00

15:00 – 15:30

14:00 – 15:00

Mathematical Biology Keynote:
Professor Stephen Coombes (University of Nottingham)
Mathematical Neuroscience: from neurons to networks
Theatre B

Wednesday Afternoon
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Close of Conference – Theatre A
Lunch in the Foyer

12:45 – 13:30

Game Theory Keynote:
Dr Kousha Etessami (University of Edinburgh)
Game Theory, Fixed Points, and Computational Complexity
Theatre C

12:30 – 12:45

11:30 – 12:30

Analysis Keynote:
Professor James Wright (University of Edinburgh)
A talk with two tales: from absolutely to uniformly convergent Fourier
series
Theatre B

Thibault Jougla (St Andrews)
On the energetics of a two-layer
baroclinic flow

Tse Leung So (Southampton)
Homotopy theory of gauge groups

11:00 – 11:30

Wan Nur Fairuz Alwani Wan Rozali
(Queen Mary)
Non-linear Resonances Over a
Discrete Space

Ellen Dowie (Kent)
Rational Solutions of the Boussinesq
Equation and the Non-linear
Schrödinger Equation

Hawa Milad Egfayer (Leicester)
The Stability of Non-Newtonian
Fluids

10:30 – 11:00

Ingrid Membrillo Solis
(Southampton)
Homotopy types of gauge groups
related to certain 7-manifolds

Thanatkrit Kaewtem (Bristol)
Sharp estimates of entropy numbers
in γ-Banach spaces

Wedad Albalawi (Swansea)
Asymptotic behaviour of ground
states of a quasilinear elliptic
equation with a vanishing parameter

Fluid Mechanics
Theatre C

Topology
Room 233

10:00 – 10:30
Analysis / Dynamical Systems
Theatre A

Tea & Coffee in the Foyer

09:00 – 10:00

PDEs
Theatre B

Plenary Lecture:
Dr Graeme Segal (University of Oxford)
The ubiquity of homotopy theory
Theatre A

Thursday Morning

Abstracts
Plenary Lectures
Professor Peter Cameron (Queen Mary University & St Andrews) Monday 14:00 – 15:00
Mathematics with and without CFSG
One of the greatest collective achievements of mathematics in recent times is the Classification of Finite
Simple Groups (CFSG). This major result has had consequences in many parts of mathematics including
semigroup theory, topology, number theory, game theory, and computer science. The proof is very long and
complex, and very few mathematicians even have an overview of how it works. Is it reasonable to use such
a theorem in our work?
After a brief discussion of the theorem, I will turn to some results which have been proved using CFSG,
and ask whether it is possible to avoid its use in the proof. Usually we don’t know how to do this, but
occasionally there are alternative methods available.

Professor Clément Mouhot (University of Cambridge)

Tuesday 14:00 – 15:00

to be confirmed

Dr Graeme Segal (University of Oxford)

Thursday 09:00 – 10:00

The ubiquity of homotopy theory
Our intuitions of space are based on the notion of deformation, which is formalised as ‘homotopy theory’.
Surprisingly, this turns out to be an essentially combinatorial and algebraic structure, which leads one
beyond the usual concept of a topological space. In particular, it provides a bridge between the dual ways
of looking at space, first in terms of their points, and secondly in terms of the functions on them. This
duality is one of the themes of the lecture. I shall give a short account of the strange features of homotopy
theory, with examples rather than proofs, and then I shall focus on the homotopic description of the ‘space’
of deformations of a ring.

Public Lecture
Professor Michael E McIntyre (University of Cambridge)

Tuesday 18:00 - 19:00

What has the Antarctic ozone hole to do with biological evolution?
Selfish-gene theory isn’t the Answer to Everything
The ozone hole in the Antarctic stratosphere is mainly due to man-made chemicals from the opposite hemisphere, the industrial north. It was the first global-scale environmental phenomenon to be understood well
enough to bring about a new symbiosis between international regulation and market forces. Understanding
the ozone hole was a notable scientific achievement because of its immense complexity, not only of the
chemical reactions involved, but also of their interplay with infrared and ultraviolet radiation and with the
fluid dynamics of atmospheric motion, from global scales down to the smallest turbulent eddies. As well
as a huge range of spatial scales there is a huge range of timescales, from thousand-million-millionths of a
second out to many decades or more.
Mathematical modelling of such processes, and of many others known in the physical and chemical
sciences, routinely take account of strong interactions between disparate timescales. By contrast, such
interactions have often been neglected in research on biological evolution – in particular in the old populationgenetics models that led to selfish-gene theory. Those models miss many crucial aspects of human evolution
in particular.
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Keynote Lectures
Algebra:
Professor Victoria Gould (University of York)

Monday 12:00 – 13:00

Groups and idempotents
Most people know that the word algebra has Arabic roots, stemming from “al-jabr” meaning “reunion of
broken parts” and due to the Persian mathematician al-Khwarizmi (780 – 850). It is a moot point where
the origin of algebra lies, whether in the work of the Ancient Babylonians (6th century BC), of the Greek
Diophantus (3rd century AD) or of the much later Arabic scholars. None of these early mathematicians,
who focussed on specific techniques to provide solutions of equations, would have recognised the broad and
rich theories that professional mathematicians label algebra today.
The encompassing feature of all algebraic theories in the modern sense (which is the sense we take here)
is that they are based on the study of operations on sets following given axioms. I will briefly discuss some
of the main branches of algebra studied today, hinting how they feed into other areas of mathematics. The
most well-known algebraic systems are groups (which model symmetries), rings (from which we get number
theory) and vector spaces (which model the Euclidean universe).
My own area of expertise is Semigroup Theory, where a semigroup is a set equipped with a binary
operation satisfying the associative law. Almost any algebraic structure sits on top of a semigroup, so it is
not surprising that semigroups appear in areas as diverse as analysis, theoretical physics and model theory.
Semigroup theory is perhaps the first algebraic system we meet where quotienting by a substructure does
not give us all homomorphic images: of necessity, we must consider congruences.
In the main part of the talk I will tell the fascinating story of the development of the theory of the free
idempotent generated semigroup IG(E) over a biordered set E.

Analysis:
Professor James Wright (University of Edinburgh)

Thursday 11:30 – 12:30

A talk with two tales: from absolutely to uniformly convergent Fourier series
Personally I find it fascinating when (almost) identical problems arise from two completely different contexts.
When this happens, a richer perspective on the problem can be developed leading to unexpected progress.
In this talk we will describe two instances of such a scenario, the beginnings for both stories (tales) have
their roots in classical problems about Fourier series from the 1950’s.

Fluid Mechanics:
Professor Michael E McIntyre (University of Cambridge)

Wednesday 12:00 – 13:00

Jetstreams, vortices, and the Antarctic ozone hole
Our understanding of the ozone hole involves not only stratospheric chemistry and electromagnetic radiation
(solar and terrestrial) but also a highly inhomogeneous “wave–turbulence jigsaw” in which wavelike regions,
and turbulent or vortical regions, fit together both geometrically and dynamically. This is outside the scope
of standard homogeneous-turbulence theory. The edge of the ozone hole is a wavelike region and is one of
the climate system’s great jetstreams. Other examples include the atmospheric tropopause jets that steer
cyclonic storms and bring us mild or severe winters, and narrow ocean currents like the Gulf Stream, the
Kuroshio, and the Agulhas. These are all strong jets, whose wavelike nature mediates their characteristic
meandering behaviour. Their cores are marked by concentrated horizontal gradients of a fundamental material invariant, the Rossby–Ertel potential vorticity (PV). The jets behave anti-frictionally in that they
tend to narrow or self-sharpen their velocity profiles when their natural meandering behaviour is excited.
The meanders are guided Rossby waves whose dispersion properties encourage them to break sideways on
the flanks of the jet, producing piecewise turbulent mixing of the PV, on either side but not across the
core. The recognition and eventual understanding of this anti-frictional or anti-diffusive behaviour was part
of a great paradigm change regarding the nature of large-scale momentum transport in atmospheric and
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oceanic flows. Jets behave somewhat like the veins and arteries of the climate system in that they transport
chemicals rapidly downstream, but inhibit cross-jet transport. That is why the ozone hole has a sharp edge,
with different chemical compositions on either side.

Fractal Geometry & Dynamical Systems:
Professor Maarit Järvenpää (University of Oulu)

Wednesday 12:00 – 13:00

Random Covering Sets
Limsup sets, defined as upper limits of various sequences of sets, play an important role in different areas
of mathematics. Random covering sets are a class of limsup sets defined by means of a family of randomly
distributed subsets of the d-dimensional torus. We discuss various problems related to random covering sets
with special emphasis to their dimensional properties.

Game Theory:
Dr Kousha Etessami (University of Edinburgh)

Thursday 11:30 – 12:30

Game Theory, Fixed Points, and Computational Complexity
The concept of equilibrium plays a central role in game theory, and in economic theory. Nash showed (in
1951) that every finite game has a mixed Nash equilibrium. His proof uses a classic fixed point theorem
(namely Brouwer’s). Related proofs have been used to establish, e.g., the existence of a market equilibrium
in various economic models.
How hard is it to compute or approximate an equilibrium for a given game (or given market model)? Can
one always be computed “efficiently”, in time polynomial in the encoding size of the given game (or market
model)? Algorithms for computing/approximating an equilibrium have a long and rich history, dating back
to Lemke & Howson (1964) and Scarf (1967). Yet it has remained open whether there exists a generally
efficient, polynomial time, algorithm, and there are complexity-theoretic reasons to believe these problems
are not NP-hard.
I will survey a series of results in theoretical computer science (and the subfield of “algorithmic game
theory”) which have shed light on this question, and which have led to the study of important new complexity
classes for which such problems are “complete”. These results establish an intimate link, in both directions,
between the complexity of computing an equilibrium for a given game (or a given economic model), and
that of computing a fixed point for any given Brouwer function defined by an algebraic circuit using gates
“+”, “*”, and “max”. It turns out there are important differences in the difficulty of approximating a fixed
point or equilibrium (for games with 3 or more players), depending on the notion of approximation that one
seeks, and these lead to distinct complexity classes (PPAD and FIXP).
While such complexity-theoretic considerations give us reasons to believe that it is “hard” to compute or
approximate an equilibrium for all games, or to approximate a fixed point for all such algebraically-defined
Brouwer functions, we do by now have P-time algorithms for some restricted classes of functions defined by
restricted (yet non-linear) circuit families, and these have important applications in applied probability and
game theory. I will end by highlighting some easy to state, but difficult, open questions about arithmetic
circuits, which impinge on the above.
(This talk describes, in part, some joint work with Mihalis Yannakakis.)

Logic & Set Theory:
Professor Philip Welch (University of Bristol)

Tuesday 09:00 – 10:00

Proving theorems about projective sets of reals from Reflection
In the recent decades set theorists have provided answers to thorny questions in analysis from so-called
strong axioms of infinity or ‘large cardinals’. These questions fall short of Cantor’s Continuum Problem,
but nevertheless would otherwise have been considered independent of the axioms of set theory, the ZFC
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axioms. The ostensible paradox of the last statement is resolved by strengthening the ZFC axiom base with
these strong axioms of infinity. However the justification of these axioms as postulates is considered by
some as problematic. We describe how the existence of strategies for certain two person, infinite, perfect
information games can yield regularity properties of sets of real numbers, such as their being Lebesgue
measurable. Work of Martin-Steel and Woodin answers questions, such as the existence of Banach-Tarskilike paradoxical decompositions of the sphere into projective pieces, or whether projective sets satisfy the
continuum hypothesis. We argue that recent ’Global Reflection Principles’ which bite the Cantorian bullet
of considering both sets and proper classes, can be deployed to prove such games have strategies and hence
yield these theorems.

Mathematical Biology:
Professor Stephen Coombes (University of Nottingham)

Wednesday 14:00 – 15:00

Mathematical Neuroscience: from neurons to networks
The tools of dynamical systems theory are having an increasing impact on our understanding of patterns of
neural activity [1,2,3]. In this talk I will describe how to build tractable tissue level models that maintain
a strong link with biophysical reality. These models typically take the form of nonlinear integro-differential
equations. Their non-local nature has led to the development of a set of analytical and numerical tools for
the study of waves, bumps and patterns, based around natural extensions of those used for local differential
equation models. Here I will present an overview of these techniques. I will also present recent results
on next generation neural field models obtained via a mean field reduction from networks of nonlinear
integrate-and-fire neurons. I will show how this class of models can describe the phenomenon known as
post-movement beta rebound, where a sharp increase in magnetoencephalography power is seen in the beta
frequency band following movement, typifying event-related synchronisation of brain activity.
[1] S Coombes. Lecture notes for neural field modelling. https://www.maths.nottingham.ac.uk/personal/sc/pdfs/Marseille.pdf,
2011.
[2] S Coombes, P beim Graben, R Potthast, and J J Wright, editors. Neural Fields: Theory and Applications. Springer, 2014.
[3] P Ashwin, S Coombes and R Nicks 2015 Mathematical frameworks for oscillatory network dynamics in neuroscience, The
Journal of Mathematical Neuroscience, 6:3, http://dx.doi.org/10.1186/s13408-016-0035-z

Mathematical Physics:
Dr Jan Gutowski (University of Surrey)

Wednesday 09:00 – 10:00

Geometry and Black Holes
Significant progress continues to be made investigating the mathematical and physical properties of black
holes. There have been new applications of BMS transformations to the quantum properties of black holes.
There has also been further insight into black hole uniqueness in higher dimensions. In addition, unexpected
links between index theory and hidden symmetries of black hole event horizons have been discovered. I will
describe some interesting aspects of these developments, as well as a number of the many open problems
which remain.

Number Theory:
Professor Samir Siksek (University of Warwick)

Wednesday 09:00 – 10:00

Sums of seven cubes
In 1851, Carl Jacobi made the experimental observation that all integers are sums of seven non-negative
cubes, with precisely 17 exceptions, the largest of which is 454. Building on previous work by many authors,
we explain how to complete the proof of Jacobi’s observation.

Numerical Analysis:
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Dr Penny Davies (University of Strathclyde)

Tuesday 09:00 – 10:00

Something Old, Something New...
Numerical analysis concerns the development and study of algorithms for solving problems. Although numerical algorithms date back almost to the start of human civilisation, numerical analysis itself is a young
and vibrant academic discipline, with deep connections to many other branches of pure and applied mathematics. The talk will look at the development of some traditional aspects of numerical approximation (such
as root finding or solving differential equations) into modern tools for contemporary mathematical scientists.

Plasma Theory:
Professor Philippa Browning (University of Manchester)

Monday 12:00 – 13:00

Magnetic reconnection in twisted flux ropes in solar flares and spherical
tokamaks
Two outstanding problems in astrophysics are to explain how solar coronal plasma is heated to millions of
degrees - much hotter than the temperature of the photospheric surface - and how energy is released and
transported in solar (and stellar) flares. The fundamental process of magnetic reconnection, which restructures the magnetic field topology and efficiently dissipates stored magnetic energy, plays a crucial role in
both solar coronal heating and flares. This process is also important in many other astrophysical objects,
as well as in magnetically-confined laboratory plasmas.
Twisted magnetic flux ropes are fundamental building blocks of the solar coronal magnetic field and
provide a reservoir of free magnetic energy. The talk will focus on describing mathematical models of
reconnection in such structures, and the implications for solar flares, coronal heating and beyond.
After introducing the solar corona and solar flares, the mathematical frameworks which can be used
to model the interactions of plasma and magnetic field in the corona will be described, including magnetohydrodynamics (MHD). Then, some recent developments will be described, exploiting both large-scale
MHD simulations and analytical modelling based on the concept of relaxation to a minimum energy state.
First, the energy release in an individual twisted magnetic flux rope will be discussed, in which magnetic
reconnection is triggered in the nonlinear phase of the ideal kink instability. Then, interacting magnetic flux
ropes are considered. It will be shown how instability in a single unstable loop may trigger reconnection
with stable neighbouring loops, releasing the stored energy in these loops and leading to an “avalanche”
of heating events, which can be modelled both through 3D MHD simulations and relaxation theory. The
merging of twisted flux ropes through magnetic reconnection in spherical tokamaks in the laboratory, in a
parameter regime quite close to the solar corona, will also be discussed.

Probability Theory:
Dr Jon Warren (University of Warwick)

Wednesday 14:00 – 15:00

Growth models and the eigenvalues of random matrices
In the late 90s it was discovered that a large class of growth models- the KPZ universality class- exhibited fluctuations described by the Tracy-Widom distribution. This probability distribution had previously
arisen in studying the distribution of the largest eigenvalues of certain random matrices. This is a deep and
surprising connection between two apparently very different types of models, and has led to a rich area of
research. I will describe a simple way to construct a coupling between a stochastic process that belongs to
the growth model world and one that belongs to the random matrix world, and so provide some explanation
of the connection. And then I will talk about some more recent work in which we try to find an analogue
in the growth model world of eigenvalues other than the largest.
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Statistics:
Professor Adrian Bowman (University of Glasgow)

Tuesday 12:00 – 13:00

Statistics with a human face
The analysis of shape has a long and very interesting scientific history. The traditional route to quantifying shape is through the identification of well-defined anatomical points, or landmarks. Over the last few
decades, the statistical analysis of landmark data has become very well established. Technologies such as
laser-scanning and stereo-photogrammetry are now widely available and these provide high-resolution data
on three-dimensional shape. Richer forms of surface representation commonplace and more advanced forms
of analysis are then required. The challenge then is to estimate the locations of the key features of interest,
for example through anatomical curves and surfaces.
There are many applications of interest. An important area is in the study of facial shape, and indeed
of other parts of human anatomy. One particular study aims to describe the facial shape and growth of
healthy children and to contrast this with the shape and growth of children who have been born with a cleft
lip and/or palate and who have subsequently undergone surgical repair. Asymmetry is often a feature of
particular interest. Adults also undergo facial surgery and shape analysis allows the outcome to be assessed
quantitatively. Some of these applications will be discussed in the talk.

Topology:
Professor Sarah Whitehouse (University of Sheffield)

Tuesday 12:00 – 13:00

Associativity from a topologist’s point of view
Many familiar algebraic operations, such as addition and multiplication of numbers, are associative. To
a topologist, it is more natural to consider operations which are “associative up to homotopy” and I will
discuss what this means. As soon as one does this, one is led to a rich structure with an infinite family of operations, known as an A-infinity structure. These structures have become important in many different areas
of mathematics, including algebra, geometry and mathematical physics. One can play similar topological
games with other algebraic conditions. This is a 50 year old story, with recent developments.

Workshops
ThinkTank Maths Limited
The Workshop
Dr Cyrille Mathis, Chief Scientific Officer of ThinkTank Maths Limited, gave a keynote talk at YRM 2015
entitled “Who are the Mathematicians of the Future?” The talk raised considerable interest and discussion.
The St Andrews’ team running YRM 2016 therefore asked Dr Mathis if he and his team could run a
workshop where participants would experience this novel approach to using “mathematics as languages” to
tackle real-world problems.

Dr Jonathan M Fraser (University of St Andrews)
On giving talks
Over the two sessions we will discuss the many aspects of what makes a good maths talk. This is not a
science and I will not pretend to know all the answers but through a mixture of anecdotes, group discussion,
and (biased) personal opinions I hope to shed some light on some of the issues.
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The Brilliant Club
4 great ways to teach your research to non-experts
The purpose of this workshop is to explore ways of communicating your research to the public and nonexpert audiences. In 90 minutes, we will consider ways that you, as a science communicator, might be able
to explain your research in such a way that it is clear and memorable, without over-simplifying it. We’ll
begin by concept mapping your research project, then looking at the following four techniques:
1. building narrative arcs in presentations
2. using 3D models in demonstrations
3. drawing graphics and diagrams to tell a story
4. developing robust analogies and metaphors
You’ll be challenged to think how technical language can be translated into plain English, and how you can
check your audience’s understanding in simple ways to see if your key messages have been understood.

Contributed Talks
Jinan Raheem Al-asady (University of Leicester)

Tuesday 11:00

3-Groupoid of Chain Complexes and Its Matrix Formulation
We show that 3-vectk is just enriched 2-groupiod of chain complexes. Then we form the matrix formulation
of it and give an example for 3-groupiod of chain complexes as a matrix to be an easy calculation.

Wedad Albalawi (Swansea University)

Thursday 11:00

Asymptotic behaviour of ground states of a quasilinear elliptic equation
with a vanishing parameter
We study the leading order behaviour of positive solutions of the equation
−∆p u + εup−1 − uq−1 + ul−1 = 0

in RN

where 1 < p < N , p < q < l and ε > 0 is a small parameter. We give a complete characterization of all
possible asymptotic regimes as a function of q, l and N . The behaviour of solutions depends on whether
∗
q less than, equal to or greater than the critical Sobolev exponent p∗ := NpN
−p . For q < p the solution
asymptotically coincides with the solution of the equation in which the last term is absent. For q > p∗ the
solution asymptotically coincides with the solution of the equation with ε = 0. In the most delicate case
q = p∗ the asymptotic behavior of the solutions is given by a particular solution of the critical Emden-Fowler
equation, whose choice depends on ε in a nontrivial way.

Demi Allen (University of York)

Wednesday 15:30

A Mass Transference Principle for systems of linear forms
Motivated by problems in Diophantine Approximation, Beresnevich and Velani proved the Mass Transference
Principle in 2006. This is a remarkable result which allows for the transference of Lebesgue measure theoretic
statements for lim sup sets arising from a sequence of balls in Rk to Hausdorff measure theoretic statements.
Subsequently, they extended this Mass Transference Principle to the more general situation in which the
lim sup sets arise from a sequence of neighbourhoods of “approximating”” planes. Recently we have been
able to strengthen this latter result by removing some potentially restrictive conditions from the original
statement.
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Avan Al-saffar (University of Sheffield)

Wednesday 11:30

Sustainable theory in a Logistic mosel - Fisher Information approach
Information theory has widely been used to understand the evolution of complex nonlinear systems. In
particular, Fisher information has been evoked as a useful measure of sustainability and the variability
of a dynamic system (e.g. self-organised system). The aim of this work is to examine the validity and
elucidate its utility in nonlinear systems. To this end, we revisit the logistic model which describes the timeevolution of macroscopic (large-scale) variables where the overall effect of microscopie (small-scale) variable
is incorporated by control parameters in the equation. While these control parameters are conventionally
assumed to be constant, they are likely to contain fluctuations in realistic situation. We report on the effect
of fluctuating (oscillatory) parameters on the response of these systems by theoretical and numerical study.
In particular, we show that a purely oscillatory growth rate can lead to a finite amplitude solution while
self-organisation of these systems can break down with exponentially growing solution for certain control
parameters. We then present the analysis of Fisher information and elucidate its utility in understanding
the sustainability of the population growth and saturation. The results would have important implification
for undersatnding other complex phenomena, e.g. in environmental, astrophysical and geophysical, and
biological systems.

Aamena Al-Qabani (University of Reading)

Monday 10:30

Fredholm Properties of Toeplitz Operators on Fock Spaces Fαp
In this paper we study the Fredholm property of Toeplitz operators Tf on the standard weighted Fock space
Fαp for 1 < p < ∞ and α > 0, with f ∈ L∞ (C) bounded symbols. We investigate when these symbols are in
V O and V M O spaces, we give necessary and sufficient conditions on these symbols for Tf to be Frdholm.
We also compute the index and the essential spectrum for these Toeplitz operators.

Johar Ashfaque (University of Liverpool)

Tuesday 11:00

F-Theory GUTs and LHC Di-Photon Excess
String theory is an extension of quantum field theory which incorporates quantum gravity. Recently, 10dimensional string backgrounds were found to reproduce the MSSM at low energies. However, this is only
an intermediate step as we would like to answer many questions which are left unanswered by the MSSM.
Many of these have to do the intrinsic difficulties of the theory of quantum gravity. But by effectively turning
on gravity in 4-dimensions we can fulfil many of the phenomenological requirements which have a direct
impact on particle physics. Interestingly enough, string theory allows us such freedom and in the process
provides and intuitive geometric picture through the brane worlds approach. One of the key problems that
one would like to address is the issue of gauge coupling unification. The most natural realization of such
models is still some type of GUT. In particular, one would like to have realizations of such models in type
II-B string theory where most of the recent progress in moduli stabilization, mediation of supersymmetry
breaking and other issues have taken place. Attempts have been made at constructing D-brane GUT models
which suffer from a number of diffculties like the lack of spinor representation for SO(10) or the perturbative
vanishing of the top quark Yukawa couplings for SU(5) models. In fact, these difficulties arise because the
past constructions relied on local 7-branes. Such obstacles can be avoided by considering mutually non-local
7-branes. This enlarged class of models goes by the name of F-theory. The di-photon excess observed
recently at the LHC can be explained as a Standard Model singlet that is produced and decays by heavy
vector-like colour triplets and electroweak doublets in one-loop diagrams.

Christian Bean (Reykjavı́k University)

Wednesday 11:30

Struct: Finding Structure in Permutation Sets
A common question in the study of permutations is given a set of permutations defined by some property,
how many of each length are there? A preliminary version of the algorithm Struct, being developed by the
authors, will be presented. Struct tries to guess the structure given a set of permutations, which in some
cases is sufficient to infer a generating function and provide an answer to the question. Although Struct
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is being developed for any set, we will look specifically here at the property of classical pattern avoidance,
where such sets are called permutation classes. Struct will be applied to several permutation classes. In
particular we note that it can find a structure for polynomial permutation classes.

Kirsti Biggs (University of Bristol)

Wednesday 16:00

Waring’s problem with shifts
In its original form, Waring’s problem asks whether every integer can be written as the sum of s kth powers,
where s depends only on k. In this talk, I will discuss an analogue of this problem, first studied by Chow,
in which we attempt to approximate a large, positive real number τ by a sum of ‘shifted’ kth powers.
Specifically, if θ1 , . . . , θs ∈ (0, 1) are irrational, and η ∈ (0, 1], let N (τ ) be the number of solutions to the
Diophantine inequality (x1 − θ1 )k + . . . + (xs − θs )k − τ < η in positive integers xi . We use the circle
method to show that we can obtain an asymptotic formula for N (τ ) whenever s ≥ k 2 + (3k − 1)/4, which
improves on the best previously known result.

Sam Brzezicki (Imperial College London)

Tuesday 16:30

Solving 2D Stokes Flow problems using Complex Analysis
Nearly all fluid dynamicists will know about the complex potential, w(z), used to study ideal flow and in
particular how powerful it can be in providing solutions to fluids problems. So, for those studying lowReynolds number flow, why do we not learn about something analogous?
In this talk I’ll outline how we can introduce complex variables to study low-Reynolds number flows and
I’ll show how we can use the beautiful theory of complex analysis to solve physical problems.
This talk should not only be of interest to those studying fluids or those that want to learn about
low-Reynolds number flow, but also to any mathematician that loves the complex plane!

Rachael Carey (University of St Andrews)

Monday 16:00

Graph Automatic Semigroups
Graph automatic semigroups can be viewed as an extension of both automatic semigroups and finitely
generated FA-presentable semigroups, with all three being semigroups in which the multiplication can be
recognised by finite state automata. We will consider the properties of and relationships between these
different types of semigroups, and discuss what happens when we restrict our automata to those which
recognise only languages over a single letter alphabet.

Charles Cox (University of Southampton)

Monday 15:30

When does xy equal yx?
For a finite group G, we can count the number of commuting pairs in G. I will talk about generalising this
idea to finitely generated infinite groups, and introduce an intriguing conjecture.

Casey Donoven (University of St Andrews)

Monday 10:30

Transducers and Fractals
Transducers, also known as finite state machines, are similar to functions that change each time they are
used, like the enigma machine from WWII. I will define and discuss transducers and their action on certain
types of fractals, such as self-similar sets.

Ellen Dowie (University of Kent)

Thursday 11:30

Rational Solutions of the Boussinesq Equation and the Non-linear
Schrödinger Equation
Rational solutions of the Boussinesq equation give rise to water wave solitons. By examining the form of these
solutions and considering the behaviour of the roots, the aim is to establish the behaviour of this family
of solutions. In particular, the solutions considered are the second logarithmic derivative of polynomial
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functions in x and t of symmetric degree n(n + 1) for n an integer. Solutions have been found up to n = 5.
Investigation into both the Boussinesq and the Non-linear Schrödinger equation will be discussed along
with complex root and solution plots.

Jason Tomas Dungca (University of Bristol)

Monday 16:00

Phase Transitions of the Multifractal Spectrum
We consider the multifractal analysis of the pointwise dimension for Gibbs measures on countable Markov
shifts. We analyse the set of non-analytic points or phase transitions of the multifractal spectrum. By
Sarig’s thermodynamic formalism for countable Markov shifts and Iommi’s expression of the multifractal
spectrum, we apply analyticity arguments on the pressure function for the countable shift. Finally, we apply
our results about the phase transitions of the multifractal spectrum to the Gauss map.

Hawa Milad Egfayer (University of Leicester)

Thursday 11:00

The Stability of Non-Newtonian Fluids
The purpose of our research is to investigate the stability of non-Newtonian fluids. The first phase is to
identify the laminar boundary layer where the ow is driven solely by a finite sphere rotating steadily in
power-law fluid about its diameter in a fixed reference frame. The boundary-layer equations which we
derived for a rotating-sphere are valid for laminar flow at high Reynolds numbers where the thickness of the
boundary layer is negligible as compared with the radius of the sphere.
The basic ow results are in complete agreement with the Newtonian case results and they are in complete
agreement with the boundary layer of power-law fluid on the rotating sphere results where we considered
the flow near to the poles so the boundary layer of power-law fluid on the rotating sphere reduces to those of
the rotating disk near the poles. The next phase is to investigate the laminar ow for higher order by solving
the higher order equations and obtaining the velocity distributions by similar way to the Newtonian case
which has been done. The final phase is to analyse the linear stability (absolute and convective instabilities)
and plot the neutral curves. Having discovered convective and absolute instability of the rotating sphere in
power-law fluids, it would be interesting to investigate instability using alternative non-Newtonian models.

Tom Elsden (University of St Andrews)

Monday 10:30

Sensing the Earth’s Magnetosphere: Ultra Low Frequency Waveguide
Modes
The Earth’s magnetosphere is a highly dynamic environment, supporting complex plasma wave behaviour.
This talk will provide an introduction to the structure of the magnetosphere, and to the ultra low frequency
(ULF - 1 mHz to 1 Hz) waves it supports. This will include a discussion of magnetohydrodynamics (MHD)
and it’s application in this case. Given this introduction, I aim to present an analytical model of ULF waves
which is subsequently applied to simulated satellite data. As a disclaimer, I intend to make this talk suited
to a more general mathematics audience by nature of the conference. Areas of maths which are related to
my work include vector calculus, fluid dynamics and numerical methods.

Zara Ghodsi (Bournemouth University)

Monday 16:30

From nature to maths: Improving forecasting performance in
subspace-based methods using genetics Colonial Theory
Many scientific fields consider accurate and reliable forecasting methods as important decision-making tools
in the modern age amidst increasing volatility and uncertainty. As such there exists an opportune demand
for theoretical developments which can result in more accurate forecasts. Inspired by genetics Colonial
Theory, this study seeks to bring about considerable improvements to the field of time series analysis and
forecasting by identifying certain core characteristics of Colonial Theory which are subsequently exploited
in introducing a novel approach for the grouping step of subspace based methods. The proposed algorithm
shows promising results in terms of improved performances in noise filtering and forecasting of time series.
The reliability and validity of the proposed nature inspired algorithm is evaluated and compared with popular
forecasting models with the results being thoroughly evaluated for statistical significance and thereby adding
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more confidence and value to the findings of this research.

Scott Harper (University of Bristol)
3
-Generation
2

Tuesday 11:30
of Finite Groups

The study of finite groups and their generating sets has a long and rich history. With the Classification
of Finite Simple groups it was established that every finite simple group is generated by two elements.
Moreover, two arbitrary elements are very likely to generate the whole group. For example, every nonidentity element of a finite simple group belongs to a generating pair. Groups with the latter property are
said to be 23 -generated. It is natural to ask which other finite groups are 32 -generated. In 2008, Breuer,
Guralnick and Kantor conjectured that a finite group is 32 -generated if and only if every proper quotient of
the group is cyclic. In this talk we will introduce these ideas in the wider context of generating finite groups
with two elements and we will report on some recent progress towards the main conjecture. We will also
discuss some related open problems.

Tobias Hartung (King’s College London)

Monday 11:00

Integration in Algebras of Fourier Integral Operators
Traces are an important class of functionals on an operator algebra since they give rise to invariants. If
an algebra is associated with another object of interest, then we obtain characteristic values of that object
through the invariants of the algebra. For instance, topological and geometric invariants of manifolds are
obtained in this way. In physical examples, all expectation values of physical measurements can be written
as such an invariant. Hence, we are interested in constructing many traces.
One approach to construct traces are ζ-functions where traces appear as Laurent coefficients. In particular, ζ-functions on the algebra of pseudo-differential operators are well-studied and I have extended a
large proportion of the pseudo-differential theory to algebras of Fourier Integral Operators. However, one
major obstacle remains; the pseudo-differential theory makes heavy use of the holomorphic functional calculus but most algebras of Fourier Integral Operators are not closed under any sufficiently rich functional
calculus. Thus, if we want to lift results obtained by the holomorphic functional calculus to Fourier Integral
Operators, we need to study integration methods in algebras of Fourier Integral Operators and show that
the algebra in question is closed with respect to such an ””emulated functional calculus””.
In this talk, I will have a brief look at Bochner and Pettis integration in topological vector spaces. I
will then construct the space of ζ-functions and endow it with a suitable topology such that integration
and evaluation of the ζ-function commute. This result is fundamentally important for an ””emulation”” of
the holomorphic functional calculus as it implies that the integrals obtained through replacing the phase
function are well-defined within the algebra. Furthermore, it allows us to consider stochastic Fourier Integral
Operators.

Elizabeth Holden (University of Nottingham)

Wednesday 10:30

A multiscale multiphase model for tissue growth
Many processes, across various spatial and temporal scales, constitute the growth of biological tissue, thereby
making it difficult to construct a mathematical model that captures all the detail. Such models are of
importance, however, in understanding tissue growth and mechanics, with applications to tissue engineering
and regenerative medicine.
Describing tissue at the microscale using a multiphase formulation we show how growth can occur in the
form of travelling waves, as in Lemon & King (2007). Moreover, employing a multiple scales homogenisation
technique, we obtain equations for the corresponding macroscale dynamics which incorporate explicitly the
influence of the underlying microstructure and multiphase dynamics. In particular, we extend the multiscale
growth model of O’Dea (2014) to describe interstitial growth of the tissue as opposed to accretion.
References: O’DEA, R.D. et al. 2014. A multiscale analysis of nutrient transport and biological tissue
growth in vitro. Mathematical medicine and biology, 32(3), 345-366 LEMON, G., and KING, J.R., 2007.
Travelling-wave behaviour in a multiphase model of a population of cells in an artificial scaffold. Journal of
mathematical biology, 55(4), 449-480
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Douglas Howroyd (University of Manchester)

Wednesday 10:30

Dimensions of self-affine carpets
Over the past 30 years there has been much interest in the dimension theoretic properties of self-affine sets
as they provide interesting results. One of the most common examples of such fractals are self-affine carpets,
constructed by applying several affine diagonal contractions to the unit square. In this talk we will give an
introduction to self-affine carpets and provide some of the more recent results in the dimension theory of
such sets.

Watthanan Jatuviriyapornchai (University of Warwick)

Tuesday 11:00

Coarsening dynamics in condensing stochastic particle systems
Zero-range processes and inclusion processes are well known to exhibit a condensation transition under
certain conditions on the jump rates, and the dynamics of this transition continues to be a subject of
current research interest. Starting from homogeneous initial conditions, the time evolution of the condensed
phase exhibits an interesting coarsening phenomenon of mass transport between cluster sites. The single
site dynamics of the processes form a birth death chain describing the coarsening behaviour. We introduce
a size-biased version of the single site process, which provides an effective tool to analyze the dynamics of
the condensed phase without finite size effects.

Syafiq Johar (University of Oxford)

Monday 15:30

Numerics for Singularity Formation in Ricci Flow
The Ricci flow is a non-linear heat-type evolution equation of the metric on a Riemannian manifold. Due
to the topological constraints, in addition to the non-linear nature of the equation, the solution might only
exist up to a finite time before approaching a singularity. These singularities can be modelled by a special
family of self-similar metrics which are called the Ricci solitons. The aim of this work is to study Type II
singularities in Ricci flow, also known as slowly-forming singularities. We are going to look at the degenerate
neckpinch singularity in the Ricci flow on S 3 for a special class of initial metrics.
The investigation will be done numerically to generalise previous work comparing the numerical profile
of a Type II singularity with a singularity model, which is the Bryant steady soliton . This was a crucial step
in the study for the existence of Type II singularities as their work resulted in a new non-explicit example
for such solutions. In this talk, we shall address some challenges in implementing the numerical schemes as
well as possible extensions and improvements for future work.

Thibault Jougla (University of St Andrews)

Thursday 11:30

On the energetics of a two-layer baroclinic flow
The formation, evolution and co-existence of jets and vortices in turbulent planetary atmospheres is examined
using a two-layer quasi-geostrophic β-channel shallow water model. The study in particular focuses on the
vertical structure of jets. Following Panetta & Held (1988), a vertical shear representing heating variations
on a planet is imposed on the flow and maintained by thermal damping. Idealised convection between
the bottom and top layers is implemented by adding cyclonic/anti-cyclonic pairs, called hetons, to the
flow. A wide range of simulations have been run. A characteristic simulation is examined, where there is
an alternation between two different phases, quiet and turbulent. We study the energy transfers between
different components and modes, and find the classical picture of barotropic/baroclinic energy transfers to
be to simplistic.

Natalia Jurga (University of Warwick)

Wednesday 11:00

Dimension of Bernoulli measures for some piecewise expanding maps
(Projected) Bernoulli measures are a natural class of invariant measures for piecewise expanding maps with
countably many full branches, such as the Gauss map. In this talk I shall discuss the dimensional properties
of these measures.
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Thanatkrit Kaewtem (University of Bristol)

Thursday 11:00

Sharp estimates of entropy numbers in γ-Banach spaces
Let X be a quasi-Banach space, Y a γ-Banach space (0 < γ ≤ 1) and T a bounded linear operator from
X into Y . In this talk, we show that the first outer entropy numbers of T lie between 21−1/γ kT k and kT k;
more precisely, 21−1/γ kT k ≤ e1 (T ) ≤ kT k, and the constant 21−1/γ is sharp. Moreover, we show that there
exist a Banach space X0 , a γ-Banach space Y0 and a bounded linear operator T0 : X0 → Y0 such that
ek (T0 ) = 21−1/γ kT0 k =
6 0 for all positive integers k.

George Kenison (University of Warwick)

Monday 15:30

Asymptotics in conjugacy classes for free group actions
Let G be a finite connected metric graph where the degree of each vertex is at least three. Let T denote
the universal covering tree of G and dT the the metric on T lifted from G. The fundamental group of G is
a free group F and this group acts freely and isometrically on T .
Let C be a non-trivial conjugacy class of the group F . Consider the counting function NC (T ) given by
NC (T ) = #{x ∈ C : dT (o, ox) ≤ T },
where o ∈ T is a given base vertex. Subject to an irrationality condition on the edge lengths, we establish
the asymptotic behaviour of NC (T ) as T → ∞. This is joint work with Richard Sharp.

Nayab Khalid (University of St Andrews)

Monday 11:00

An Introduction to Rearrangement Groups
Belk and Forrest used an infinite family of finite directed graphs to construct fractals. We will be looking
at the properties of the groups of rearrangements of those fractals.

Ronja Kuhne (University of Warwick)

Tuesday 10:30

Train Tracks and Laminations
In this talk we will give an introduction to train tracks and discuss how they can be used to give coordinates
to curves and measured laminations on surfaces.

Nicolas Loizou (University of Edinburgh)

Monday 16:00

A new perspective on Randomised Gossip Algorithms
Randomized Gossip Algorithms are the main methods for solving the distributed average consensus problem.
Since the seminal work of Boyd et al. many progress has been made in the area and many new faster
algorithms have been proposed. However, all of them are based their form in the initial work of Boyd. In
this talk based on tools from randomized numerical linear algebra and optimization I will present a new
approach for the design of Randomized Gossip Algorithms. New variants of randomized gossip algorithms
will be presented and a comparison of the complexities with the existence approach will be made. Our new
framework also allows to introduce duality which gives a new perspective to the area.

Adelina Manzateanu (University of Bristol)

Wednesday 16:30

Rational Curves on Cubic Hypersurfaces over Fq
Using a version of the Hardy–Littlewood circle method over the global field Fq (t), one can count Fq (t)points of bounded degree on a smooth cubic hypersurface X ⊂ PFn−1
. Moreover, there is a correspondence
q
between the number of Fq (t)-points of bounded height and the number of Fq -points on the moduli space
Mord (P1Fq , X), which parametrises the rational maps of degree d on X. In this talk I will show that for
n ≥ 10, and q and d large enough, there exists a rational curve defined over Fq on X passing through two
fixed points, one of which must not belong to the Hessian.
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Luthais McCash (Abertay University)

Wednesday 11:00

Stochastic Influence in Gene Regulatory Networks
Gene Regulatory Networks (GRNs) play a fundamental role in the control of many cellular and molecular
processes. In this case, we make particular relevance to a Network with accompanying feedback loop: that
is, that the product of a gene binds to the promoter of the same gene, and then regulates its own expression.
We consider the Master Equation for arbitrary free and bound protein degradation rates in a non-equilibrium
under steady-state conditions. We investigate the comparative nature of the GRN model’s exact solution
and the stochastic approximation of the network revealing the influence of stochastic noise.

Erietta Moulopoulou (University of Leeds)

Monday 11:00

Modelling the motion of waves in a ‘slice’ of beach
One dimensional non-linear shallow water equations have been used to model the waves observed in a HeleShaw tank, in the absence of any bottom topography. The tank consists of two glass plates, which are 2 mm
apart and waves are generated using a set of aquarium pumps, which work underwater whilst operated by
a motor controller and programmed using an arduino board and laptop. The effect of momentum damping
has been added in the model and the set of equations has been solved using a finite volume scheme. The
point of interest is the volume of water that enters the cell at the location of the left wall called volume
flux. Image processing techniques have been used to analyse consecutive snapshots of the cell. Processed
snapshots returned data that led to the acquisition of a fitted function for the flux. The model has been
“adjusted” so as to approximate the experiment more realistically, by using the fitted value of the flux at
each time step as an input. Comparisons between the simulations with and without experimental data as
an input have been carried out. The next step is to modify the existing model so as to include the bottom
topography.

Khawlah Ali Mustafa (University of Leeds)

Monday 11:30

Projective Line Over a Ring and Möbius Transformation
We talk about two interesting rings, Double (O) and Dual numbers(D), and the projective line over them.
we also present projective lines,P(D), and P(O), and how SL2 (D) and SL2 (O), act of them respectively.
Möbius Transformation, M öb(O) and M öb(D) is defined as one of the element in SL2 (D) and SL2 (O),
respectively.
Fixed points is very important concept, Here we talk about the number and properties of them and
several linear algebra over a ring concepts.

William Norledge (University of Newcastle)

Wednesday 10:30

Maximal torsion-free subgroups of certain lattices of hyperbolic buildings
and Davis complexes
An explicit construction of a maximal torsion-free finite-index subgroup of a certain type of Coxeter group
is given. The subgroup is constructed as the fundamental group of a finite and non-positively curved
polygonal complex. First we consider the special case where the universal cover of this polygonal complex
is a hyperbolic building, and we construct finite-index embeddings of the fundamental group into certain
cocompact lattices of the building. We show that in this special case the fundamental group is an amalgam
of surface groups over free groups. We then consider the general case, and construct a finite-index embedding
of the fundamental group into the Coxeter group whose Davis complex is the universal cover of the polygonal
complex.

Feyisayo Olukoya (University of St Andrews)

Tuesday 10:30

The order problem in some subgroups of the Rational group
The rational group, introduced by Grigorchuk et al, have some very interesting subgroups, not least being
Thompson’s group V. I will introduce this group, and present a solution to the order problem in another
interesting subgroup. This is joint work with Collin Bleak.
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Wojciech Ozanski (University of Warwick)

Tuesday 15:30

Singularities in the 3D incompressible Navier-Stokes equations
The 3D incompressible Navier-Stokes Equations are the central model of fluid mechanics and which have been
intensely studied since the celebrated work of Leray (1934). Despite the effort, the fundamental question
of the existence of global strong solutions remains unsolved. One of the most important contributions to
the theory during the second half of the XX century were the partial regularity results by Caffarelli, Kohn,
Nirenberg (1982). The partial regularity theory, which is concerned with the weak solutions satisfying a
localised energy inequality, enables us to estimate the the ’size’ of singular set of Navier-Stokes equations,
that is its dimension. In the talk we will introduce the definitions of dimension and we will estimate the
dimension of the singular set. We will also observe the new estimates of the dimension, some of which are
very recent!

Helena Peña (Universität Greifswald)

Wednesday 11:30

Approximation of fractal measures on R
Distributions of random sums such as ±1 ± t ± t2 ± . . . for a parameter t ∈ (0, 1) and with signs chosen
independently and in an equal manner give rise to fractal measures on the real line. Measures like this arise
as invariant measures of Iterated Function Systems (IFS), i.e. of a finite collection of mappings on R with
associated probabilities. We study these measures using tools from functional analysis as well as numerical
experiments based on Markov chains. We consider the spectrum of an IFS-associated operator and obtain
eigenfunctions which can be regarded as generalized Bernoulli polynomials. We get approximations of the
invariant measure by polynomials as well as numerical approximations by histograms.

Deepthee Madenoor Ramapriya (University of Nottingham)

Tuesday 10:30

Phase-Space approach for propagating correlation functions
We see in reality that there are a number of complex sources such as PCBs emitting electromagnetic
radiations that are stochastic. The modelling of such chaotic nature from complex sources is challenging
and a long standing research issue. In our approach we use Wigner Distribution Function (WDF) which
is a quasi-probability distribution that helps analyse radiations from complex sources statistically in phase
space. The complex sources are random and many a time we are unaware of surrounding environment,
thus, it calls for a statistical approach instead of a deterministic one. Our model helps characterize wave
propagation both in the near field and far field. This is done by exploiting the relationship between the
WDF and Correlation function (CF). Though the model presented deals with free space propagation, this
can be extended complex environments such as electronic devices in enclosures etc. At the end we see that
our theoretical model agrees with the experimental data.

Alex Rogers (University of Kent)

Wednesday 11:00

Polynomial Identity Degrees of Quantum Algebras at Roots of Unity
This talk will introduce the notion of the PI degree of noncommutative algebras, focussing on quantum
algebras at roots of unity. Some context will be provided to justify the interest in PI degrees and an
example will be given.

Daniel Rogers (University of Warwick)

Tuesday 11:00

Maximal subgroups of classical groups in defining characteristic
Understanding maximal subgroups of a group provides a lot of information about its structure. Aschbacher’s
theorem classifies the maximal subgroups of classical groups such as SLn (q) into one of nine classes. The
first eight of these, denoted C1 , ..., C8 , have been fully classified. However, understanding the ninth class C9
completely would require (amongst other things) understanding every representation of every quasi-simple
group, and thus we can typically only determine the members of this class in a given dimension. In this
talk I will introduce a subclass of C9 known as the defining characteristic candidates, and give an overview
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of the approach taken to classify the maximal subgroups which fall into this class.

Ana Rojo (University of Kent)

Tuesday 11:30

Moving frames and Finite Difference Noether Conservation Laws
The aim of this talk is to illustrate Noether’s Theorem for a finite difference variational problem with a
Lie group symmetry. First, I will introduce the definition of moving frame in both continuous and discrete
cases and I will show how they are used to obtain invariants and their syzygies. Then, I will discuss the
main result I will use in the example, which is the explicit expression of the conservation laws in terms of
the frame and the invariants. Finally, I will show how this leads to an easier solution path to the Euler
Lagrange equations for the variational problem. The Lie group used in our example will be SE(2) and the
problem a discrete version of that for Euler’s elastica.
[1] Gonçalves,T.M.N., Mansfield,E.L., On moving frames and Noether’s conservation laws., Studies in Applied Mathematics
128: 1-29, 2011.
[2] Mansfield,E.L., A Practical Guide to the invariant Calculus., Cambridge University Press, Cambridge, 2010.
[3] Hydon,P.E., Mansfield,E.L., Peng,L., Rojo,A. Moving frames and finite difference Noether conservation laws., 2016 (In
preparation).

Wan Nur Fairuz Alwani Wan Rozali (Queen Mary University of London) Monday 16:30
Non-linear Resonances Over a Discrete Space
The study of resonances of Hamiltonian systems with a divided phase space is a well established area of
research which attracted the interests of many researchers over the years. One can study such resonances
over a discrete space. This project focuses on the rotational motion (elliptic-type) of the orbits of an
invertible map of a discrete space Z2 near a fixed point. However, the dynamics of this type is not well
understood. Specifically given a point in phase space, we have to decide if its orbit is periodic or escape
to infinity in both time directions. We consider a two parameter system for which the two possibilities
depend only on the parameters, and not on the choice of the initial points. We are able to characterize
arithmetically the parameter values for which all orbits are periodic, in a simplified version of our model
describing the assymptotic behaviours of orbits of very large amplitude.

Jack Skipper (University of Warwick)

Tuesday 16:00

Energy Conservation of Euler Equations on T3 and R3+
We study the incompressible Euler equations in three dimensions on the torus T3 and the half plane R3+ .
We prove energy conservation of weak solutions under the assumption that u ∈ L3 (0, T ; L3 ) and that
Z TZ
1
lim
|u(x + y) − u(x)|3 x.t. = 0,
|y|→0 |y| 0
which is a condition similar to having a third of a derivative. This is principally motivated by Onsager’s
conjecture.

Tse Leung So (University of Southampton)

Thursday 11:30

Homotopy theory of gauge groups
Gauge theory arises from field theory in physics and it has many applications in physics and mathematics.
Mathematically, a gauge group associated to a principal G-bundles P → M is defined to be a group of
G-equivariant automorphisms of P fixing M . When G is a simply- connected, simply compact Lie group,
Theriault shows that if M is an orientable simply-connected closed 4 manifold, its gauge groups can be
decomposed into products of gauge groups of S 4 and double loop spaces of G. In this talk, I will discuss my
work talk on homotopy decompositions of gauge groups when M is certain non simply-connected closed 4
manifold.

Ingrid Membrillo Solis (University of Southampton)
Homotopy types of gauge groups related to certain 7-manifolds
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Thursday 11:00

During the last decades gauge theory has become a very active research field due the crucial role it plays in
mathematical physics and the geometry of 4-manifolds. The possibility of extending this theory to higher
dimensions has arisen interest in the study of the topology of the gauge groups associated to bundles over
high dimensional manifolds, in particular in dimension 7. In this talk I will present some results on the
homotopy type of the gauge groups associated to principal bundles over 2-connected 7-manifolds.

John Sylvester (University of Warwick)

Tuesday 11:30

Random walk hitting times and electrical resistances in Erdős-Rényi
random graphs
We will introduce the Erdős-Rényi random graph model G(n, p), in which one starts with n vertices and
includes each edge independently by flipping a p, (1 − p) coin. We then discuss the connection between
random walks on graphs and current in an electrical network of resistors. Finally, we will sketch the proof
that there are many (partially) edge disjoint paths in G(n, p) and discuss how this can be used to prove
expectation and concentration results on hitting times and effective resistances in G(n, p) when the edge
probability p is suitably low.

Laura Venieri (University of Helsinki)

Thursday 11:30

Dimension estimates for generalized Kakeya sets in an axiomatic setting
Kakeya sets in Rn are sets of measure zero containing a segment in every direction. We define a generalization of them in metric spaces satisfying certain axioms. These allow us to extend the geometric methods
introduced by Bourgain and Wolff and prove lower bounds for the Hausdorff dimension of generalized Kakeya
sets.
With this approach we can treat many different cases in a unified way. For example, we recover the
known dimension estimates for Nikodym sets and curved Kakeya sets. Moreover, we find lower bounds for
Furstenberg type sets (in dimension greater than 2), for sets containing a segment in a line through every
point of an hyperplane and of an (n − 1)-dimensional Lipschitz graph. Finally, we derive estimates for the
dimension of the usual bounded Kakeya sets (and a modification of them) in Carnot groups of step 2 whose
second layer has dimension 1, such as the Heisenberg group.

Katie Vokes (University of Warwick)

Tuesday 11:30

Geometry of curve graphs and mapping class groups
The mapping class group of a surface S is the group of isotopy classes of self-homeomorphisms of S. Given
an infinite group such as this, we are often interested in studying its geometric properties, and one way
in which we can do this is to consider its action on a metric space. The mapping class group of a surface
acts on various graphs associated to this surface whose vertices are curves or collections of curves. I aim to
describe some ways in which we can study the geometry of these graphs and to explain what it means to
think about the geometric properties of a group.

Alex Wendland (University of Warwick)

Monday 16:30

Planar Groups
When studying groups, it is natural to look at their action on a topological space and ask questions about
links between the space and the group. However, when presented with a group presentation no such space
exists. For this purpose we construct a group’s Cayley graph and ask what the planarity of this tells us
about the group? More specifically, my interest is if these groups have a natural structure-preserving way
of breaking down into a ’nice’ subclass of groups, in a way which will tell us more about the original group
itself. The talk will consist of many pretty pictures (with great clashing colours) and a liberal use of hand
waving.

Siti Fatimah Zakaria (University of Leeds)

Tuesday 10:30

Analytic properties of the 3-state Potts model partition function on square
lattices
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The Potts model is a statistical mechanical model of spins interaction on crystal lattices. Here we consider the case of 3-state Potts model on square lattices and study the analytic properties of the partition
functions. The partition functions are computed exactly for a range of finite lattice sizes to investigate the
relationship between analytic properties of the partition function and phase transitions. We focus mainly
on the polynomial equation of the 3-state Potts model partition function and its zeros. For comparison,
we extend this case by another related model with higher number of state Q > 4 called the Clock model.
The models are not the integrable models in the formal thermodynamic limit, but are amenable to transfer
matrix methods on finite lattices, given sufficiently efficient coding and computing resources. The zeros of
the partition function is plotted in a complex-temperature Argand plane for analysis. We show, for example,
that our method can be used to give numerical estimates of the specific heat critical exponent α.

Jiawen Zhang (University of Southampton)

Monday 11:30

Asymptotic growth function for coarse median groups
Coarse median groups were introduced by Bowditch, containing a lot of well known groups, like Gromov’s
hyperbolic groups, mapping class groups, and groups acting geometrically on CAT(0) cubical complex.
In my talk, I will focus on the asymptotic growth function (which is a generalization of the asymptotic
dimension) of coarse median group with finite rank, to show it is at most subexponential, which strengthens
Spakula and Wright’s result.
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