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Research Areas 

 

The School of Mathematical and Physical Sciences is actively engaged in research in 

various areas of the mathematical sciences. This includes: 

 

§ Algebra and Combinatorics; 

§ Analysis and Partial Differential Equations; 

§ Climate Science; 

§ Computational Astrophysics; 

§ Forensic Statistics; 

§ Mathematical Biology, Biostatistics and Bioinformatics; 

§ Mathematics Education; 

§ Mathematical Physics; 

§ Optimisation and Operations Research; 

§ Quantitative Finance; 

§ Sport and Exercise Science (in conjunction with Human Performance Research 

Centre, UTS Faculty of Health); 

§ Statistical Methodology and Applications 

 

During your Honours year, you will undertake specialised fourth year subjects in 

mathematics and statistics. You will also work closely with one or more members of staff 

who are experts in your chosen field. Under their supervision, you will carry out a 

research project and write up your findings as an original thesis. The choice of topic is 

open and can take a more practical or more theoretical direction according to your 

interests – you will make your choice in consultation with your prospective supervisor(s). 

 

This booklet outlines a number of potential Honours projects in these research fields and 

contact details for the researchers who could act as supervisor. This list is certainly not 

exhaustive. If you are interested in specific subject areas, please feel free to discuss your 

options with some of the researchers in that field. In many cases, it may be possible to 

tailor research problems within these areas to meet your specific interests and 

background. 

 

These topics may also be considered for potential AMSI Vacation Research projects or 

Masters (Honours) by Coursework projects. 

 

An Honours degree can make a big difference to your future career prospects. 

Experience has shown that Honours and PhD graduates are particularly sought by 

employers, with higher starting salaries and more opportunities: see for example  

https://amsi.org.au/?publications=mathsadds-2019-20 

 

For more information about Honours please contact the Maths/Stats Honours 

Coordinator A/Prof Murray Elder murray.elder@uts.edu.au and check the information 

at the website https://sites.google.com/site/melderau/teaching/honours-at-uts/ 
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Algebra and Combinatorics 

Topic: Computational complexity in algebraic and combinatorial problems 

Supervisors:  A/Prof. Murray Elder and Dr Luke Mathieson (School of Comp Sci, FIET) 
Contact:  murray.elder@uts.edu.au 

 

Description: In algebra and combinatorics there are many problems that one can state 

in terms of asking for the existence or non-existence of an algorithm. For example, given 

a group and some finite generating set for it, is there an algorithm which can decide on 

input a word in the generators whether or not the word multiplies to the identity element, 

and return yes or no. The is the word problem which is in fact undecidable.  

 

We will explore new problems from algebra and combinatorics where algorithms exist, 

and apply cutting-edge methods to prove their optimal complexity in terms of time or 

space. 

 

This topic would suit students with a strong interest and ability in algebra and theoretical 

computer science. 

 

 
 
 
 
Topic: Pattern avoidance and sorting with stacks 

Supervisor:  A/Prof. Murray Elder 
Contact:  murray.elder@uts.edu.au 

 

Description: Knuth showed that a permutation can be sorted by passing it through an 

infinite stack if and only if it avoids 231. Numerous generalisations have been studied 

since, including multiple stacks in series and parallel, pop-stacks, and general networks.  

 

This project will explore enumeration problems (finding generating functions to count the 

number of permutations sortable by some network) and the existence of polynomial time 

algorithms to decide whether or not a permutation can be sorted by some network. 

Particular current interest is in sorting with multiple stacks in series where individual 

stacks have additional restrictions placed on them, such as avoiding a particular pattern 

or barred pattern.  
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Analysis and Partial Differential 

Equations 

Topic:  Lie Symmetry Groups 

Supervisor:  Dr Mark Craddock 

Contact:  mark.craddock@uts.edu.au 

 

Description: Lie symmetry groups provide powerful methods for constructing solutions 

to differential equations.   A Lie symmetry is a transformation that maps solutions to other 

solutions.   These techniques allow us to obtain complex solutions from trivial 

solutions.   Students can learn about these powerful methods for studying differential 

equations and consider applications across a wide range of disciplines, from physics to 

finance. 

 

 

Topic:  Harmonic Analysis 

Supervisor:  Dr Mark Craddock 

Contact:  mark.craddock@uts.edu.au 

 

Description: Harmonic Analysis is the area of mathematics that, roughly speaking, 

studies complex phenomena by decomposing them into a sum of simpler 

phenomena.   An example familiar to the student would be the expansion of a periodic 

function into a Fourier series.   Modern harmonic analysis connects integral transforms 

and Fourier series with the so-called representation theory of groups.   This is a 

fascinating subject with many applications to problems in applied mathematics. 

 
 
Topic:  Harmonic analysis on Lie groups; mathematical ergodic theory 

Supervisor:  Prof. Tony Dooley 

Contact:  anthony.dooley@uts.edu.au 

 

Description: I would be keen to supervise Honours topics in the general area of 

mathematical analysis. My research areas are harmonic analysis on Lie groups and 

mathematical ergodic theory, but I am happy to supervise across a reasonably broad 

range of topics.  

 

Here is a selection of just a few of the topics I’ve supervised previously:  

- The Gribov ambiguity (Stuart Johnson) 

- Levy and affine processes (Tim Glass) 

- Aspects of G2 (Kevin Sun) 

- The ergodic approach to Szemeredi’s theorem and beyond (Anthony Morris) 

- The heat equation on a compact Lie group (Lyria Bennett) 

- Differential operators, Brownian motion Lie groups and other topics (Sylvia Mak) 

- Entropy balance methods for heat equations with a stochastic heat supply (Oliver 

Nunn) 

- The theory of quarks and the Higgs boson (Philip Carter) 
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Climate Science 

Topic:  Is Sydney’s Climate Changing? 

Supervisor: Prof. Lance Leslie 

Contact:  lance.leslie@uts.edu.au 

 

Description: A controversial issue at present is whether Australia is experiencing 

climate change, or just natural variability. This question is both important and varies with 

geographical location. Choosing one major city allows the powerful techniques available 

for the detection, attribution and prediction of climate change to be explored in a 

manageable way. Questions such as is Sydney getting hotter, wetter, windier, more 

polluted, etc., can be addressed. The techniques include wavelet analysis, PCA, and 

machine learning (support vector machines and support vector regression) of the 

meteorological and oceanographic time series available for Sydney, from the Australian 

Bureau of Meteorology’s website. The techniques are available on MATLAB and form 

very valuable additions to the students’ data mining, management and analysis skill sets. 

 

Topics include:  

- climate change impacts - many possible topics 

- extreme weather and/or climate events 

- machine learning approaches to seasonal predictions of precipitation, temperature, 

weather and climate events 

- classification of Australian climate zones 

- theoretical studies of weather events affecting Australia (or subsets of Australia) 
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Computational Astrophysics  

Topic: Merging data science and time-domain astrophysics using Australia’s 

most state-of-the-art telescope: The Murchison Widefield Array.   
Supervisors:  Dr Martin Bell  
Contact:  martin.bell@uts.edu.au 

 

Description: In this project, you will work with data collected from one of Australia’s 

most state-of-the-art low-frequency radio telescopes the Murchison Widefield Array 

(MWA; http://www.mwatelescope.org). Over the past four years we have been surveying 

the time-domain properties of the Southern hemisphere sky with this telescope, and we 

have collected over ten thousand images. The science goals of this large project are to 

detect transient and variable phenomena, for example, exploding stars and merging 

black holes. With this dataset, however, previous Honours students have gone onto 

detect entirely new phenomena i.e. plasma density ducts in the upper atmosphere (see 

https://www.youtube.com/watch?v=ymZEOihlIdU). You will specifically work on applying 

cutting-edge statistical and data science techniques to extract new insight from this time-

series data and images. You will work with our software package to filter out the truly 

exciting astronomical signals from the noise.  You will also work on developing new 

visualisation techniques to best display your results. A good proficiency in programming 

is desirable for this project.     
 

 

 

 

 

Topic: Big Data and the Parkes Radio Telescope 

Supervisors:  Dr Martin Bell and George Hobbs (CSIRO) 
Contact:  martin.bell@uts.edu.au 

 

Description: In this project the student will either work with large of volumes of data (> 

1Pb) already obtained by the Parke’s radio telescope, or they will conduct new 

observations to service the project. Depending on the interests and abilities of the 

student this project could focus on the following areas:  

- Developing intelligent algorithms for the detection of Pulsars (rapidly rotating Neutron 

stars). This may involve the application of machine learning.  

- Searching for slowly rotating stars. So far Parkes has been effective at searching for 

rapidly rotating Neutron stars with periods < 2s. This project will focus on searching 

for transient stellar objects which have periods of hours or longer.  

- Commissioning the ultra-wide band receivers. Parkes has recently had a major $2.5 

million upgrade in the form of ultra-wide band receivers. This project will focus on 
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analysing data from the new system and conducting some of the first observations 

of known pulsars with ultra-wide bandwidth.  

 

This is a co-supervised project and the student will be expected to spend some time at 

CSIRO Astronomy and Space Science working with George Hobbs 

(https://www.atnf.csiro.au/people/George.Hobbs/index.html). About Parkes: 

https://www.csiro.au/en/Research/Facilities/ATNF/Parkes-radio-telescope/About-

Parkes 

Forensic Statistics, Probabilities and 

Inference 

Forensic science research at UTS is integrated and trans-disciplinary at the intersection 

of science, technology, engineering and mathematics (STEM), information technology 

(IT), law and social sciences. Through the Centre for Forensic Science, the main goal is 

to deliver meaningful and impactful research to inform solutions to solve and reduce 

crime and to improve national security and the Criminal Justice System to deliver a safer 

and fairer society. Technology is increasingly offering new means of human behaviour 

traceability and this situation is challenging the standing, scope and role of science and 

technology in the criminal Justice System. Response to this global challenge requires a 

paradigm shift that considers forensic science as the holistic study of traces (remnants 

of activity and/or presence), which in turn enables to understand and impact on crime 

and security at large. This includes the development of holistic models to provide a 

strategy to integrate technologies, and to help scientists develop their potential to engage 

in a more significant way in policing, crime investigation and, more generally, in 

criminology. These models require a strong input from mathematics and statistics. 

Critical challenges are in the area of interpretation, decision making and analytical data 

treatment. 

 

For example, the strength of forensic evidence in court is often presented as a “likelihood 

ratio” (LR) that describes the extent to which the prior ratio of probabilities of two 

competing propositions (typically, the prosecution and defence hypotheses) is altered by 

the new evidence to give a posterior ratio.  This can be formalised as follows:  

- Hp = prosecution hypothesis 

- Hd = defence hypothesis 

- E = new evidence 

 

P"H$%E'
P(H)|E)

= P"E%H$'
P(E|H))

= P"H$'
P(H))

 

 

Stated another way:  

- posterior odds = LR × prior odds 

 

While the prior and posterior odds are left to the court to decide, the LR is presented by 

the forensic scientist and can be defined in words as the probability of observing the 

evidence given the prosecution hypothesis divided by the probability of observing the 

evidence given the defence hypothesis. 
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Topic:  The use of receiver operator characteristic (ROC) curves for analysing 

discrimination between probability densities as applied to Bayesian interpretation of court 

room evidence 
Supervisor:  Prof. Dennis McNevin 

Contact:  dennis.mcnevin@uts.edu.au 

 

Description:  Receiver operator characteristic (ROC) curves are used to determine the 

discrimination potential of a binary classification where the classification is based on a 

threshold.  They can be used to investigate the behaviour of the LR applied to a particular 

forensic test where the LR is used as a discriminator of true support for Hp (true positive 

rate) and false support for Hp (false positive rate).  The area under the ROC curve (AUC) 

is an indicator of the performance of the LR under various scenarios.  In forensic science, 

this approach has been used to assess the performance of algorithms for the prediction 

of pigmentation traits like eye colour from genotype 

 (https://www.sciencedirect.com/science/article/pii/S187249731100144X), 

 algorithms to predict ancestry from genotype 

 (https://link.springer.com/article/10.1007/s00414-016-1504-3)  

and has been recommended as an approach to assess probabilistic genotyping 

algorithms  

(https://vb6ykw2twb15uf9341ls5n11-wpengine.netdna-ssl.com/wp-

content/uploads/2018/07/5.-John-Butler-ISHI-29-Presentation.pdf).  

 

However, it could be applied to any forensic discipline where an LR is involved and for 

which experimental “ground truth” data exists, thus providing experimental probability 

densities for true and false support for Hp.  This project will involve the development of 

a mathematical formalism for the use of ROC curves to assess the performance of any 

forensic test producing a LR for weight of evidence. 

 

 

Topic:  How many DNA donors contributed to this DNA profile? 

Supervisor:  Prof. Dennis McNevin and Dr Stephen Woodcock 

Contact:  dennis.mcnevin@uts.edu.au 

 

Description: DNA mixtures are commonly encountered at crime scenes.  Any single 

individual contributes one or two alleles (DNA segments) at any genetic locus to a DNA 

profile (as an electropherogram).  These alleles may be shared (or not) with the alleles 

from other contributors.  There are typically 20 genetic loci included in a modern genetic 

profile.  When presented with a DNA mixture, the forensic investigator wants to know 

how many DNA donors contributed to the mixture.  The problem can be generalised as 

follows: what is the probability of N contributors to a DNA profile when there are n loci 

each with m alleles (a1, a2, a3, …, ai, …, am) where the relative frequency (probability of 

contribution) of each allele is p1, p2, p3, …, pi, …, pm. 

  

This project will involve the development of a mathematical formalism for the 

determination of the probability distribution for the number of contributors to a DNA 

profile.  While an analytical solution is preferred, the project may also benefit from 

computational simulations. 
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Topic:  Bayesian networks for assessing the relative probabilities of propositions 

for court room evidence 
Supervisors:  Profs. Claude Roux, Dennis McNevin and Dr Xanthe Spindler 

Contact:  claude.roux@uts.edu.au, dennis.mcnevin@uts.edu.au, 

xanthe.spindler@uts.edu.au 

 

Description:  The approach described above can be used to produce an LR for a single 

item of evidence.  However, this is rarely the case.  A typical criminal trial involves 

multiple evidence items (exhibits) and other relevant information, none of them 

independent in that they must be combined (by the court) to assess guilt or innocence.  

How can the LRs for multiple evidence items and other information be combined?  A 

technique gaining currency is the use of Bayesian networks where the output from one 

or more Bayesian nodes forms the input for one or more other nodes.  This allows an 

overall LR to be calculated for an event. For example, consider the following 

propositions:  

- H1: The defendant (A) handled the weapon 

- H2: The defendant (A) shook hands with another person (B) who handled the weapon 

 

The LR for these propositions is a combination of other pairs of propositions: 

- H3: The DNA profile (evidence) recovered from the weapon is derived from the 

defendant (A) 

- H4: The DNA profile (evidence) recovered from the weapon is derived from a random 

member of the population 

- H5: The DNA recovered from the weapon (evidence) was a result of direct handling 

of the weapon by the defendant (A) 

- H6: The DNA recovered from the weapon (evidence) was a result of secondary 

transfer from the defendant A to person B and then from person B to the weapon 

 

Propositions H1 to H6 can be assembled into a Bayesian network in order to estimate 

an LR for H1 and H2.  However, the precision of the LR depends on the data used to 

populate the network which may or may not be available and which may have uncertainty 

associated with it. Similar propositions can be considered with other traces and 

situations, for example gunshot residues, fibres and other microtraces, even 

fingermarks. Activity level evaluation has become a challenge in forensic science. 

This project will involve a theoretical exploration of Bayesian networks for forensic 

applications with a focus on sensitivity analysis to assess the applicability of Bayesian 

networks to common forensic scenarios. There is potential to team up with one of the 

existing PhD students in the trace evidence area. 

 

 
Topic:  Development of Statistical Methods for Decision Making in Forensic 

Intelligence 

Supervisors:  Prof. Claude Roux and Dr Marie Morelato 

Contact:  claude.roux@uts.edu.au, marie.morelato@uts.edu.au 

 

Description:  Forensic intelligence requires the timely analysis of data sets to identify 

possible links, trends and clusters. This analysis often requires the application of 

statistical tests to decide, for example, whether drugs seizures are linked in some ways. 

Another example includes the examination of handwriting to decide whether the writer of 

a text is a native English speaker. The concept can be expanded to many different types 
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of traces and situations, e.g. identity documents, other counterfeited goods including 

counterfeited drugs. 

 
 

Topic:  Chemometrics for Data Treatment in Forensic Science 
Supervisors:  Prof. Claude Roux and Dr Xanthe Spindler 

Contact:  claude.roux@uts.edu.au, xanthe.spindler@uts.edu.au 

 

Description:  Many forensic analyses are based on chemical data, especially spectral 

data. While chemometrics are well developed and established in the broad analytical 

chemistry field, they are still not widely used in forensic science, most of the time spectra 

being submitted to an ‘eyeball’ comparison. Part of the problem is that academic papers 

to date may have been convincing on the ability of such techniques to perform reliable 

classifications, but they fail to demonstrate how these techniques could be applied in 

practical situations and whether they are more effective than traditional methods. Data 

of interest include UV-visible spectral characteristics of weathered paint, fibre dyes, 

washing powder residues, etc. 

Mathematical Biology, Biostatistics and 

Bioinformatics 

Mathematical Biology is a diverse and interdisciplinary scientific field. Researchers 

within the School of Mathematical and Physical Sciences are actively engaged in 

projects to describe a wide range of biological phenomena within a mathematical 

framework. By formulating such systems in a quantitative manner, their behaviour can 

then be simulated and hence properties may be found analytically which would not be 

so readily observed in experiments.  

 

Biostatistics is the application of statistical techniques to research in medicine and 

health-related fields. It includes the analysis of environmental factors that affect health, 

risk factors for various diseases, the design and analysis of clinical trials and 

interventions that may improve health or quality of life for patients. 

In this area, collaborations are ongoing both within the UTS Faculty of Science (C3 and 

ithree and the Faculty of Health) and external to the University (with CSIRO, with other 

universities and with several public health organisations.) 

 

 

Topic: Modelling the Movement of Bacteria 

Supervisors:  Dr Christian Evenhuis (C3), Dr Stephen Woodcock and A/Prof. Justin  

Seymour (C3) 
Contact:  stephen.woodcock@uts.edu.au 

 

Description: There are many different ways that microorganisms move through water 

(“run and tumble”, “run and reverse” etc). This project incorporates microscopy data 

tracking the movement of cells under a variety of changing physical (e.g. thermal and 

turbulent) and chemical (e.g. nutrient gradients) conditions. By analysing their 

trajectories, inferences can be made about the mechanisms and strategies which they 
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employ. Familiarity with random walks and the fitting of simple stochastic models is 

required. No prior knowledge of biological systems is assumed. 

 
 
Topic: The Effects of Stochastic Forcing upon Biological Systems. 

Supervisors:  Dr Christian Evenhuis (C3) and Dr Stephen Woodcock  
Contact:  stephen.woodcock@uts.edu.au 

 

Description: This project examines the ability of biological systems to respond to 

unpredictable changes in their physical and chemical conditions. In the laboratory, they 

can be subjected to a variety of conditions, for example looking at the effects of constant 

laminar flow regimes vs hugely unpredictable turbulent flows. 

The strength of this stochasticity can be manipulated experimentally, so the randomness 

can be turned off or on independently of other factors, allowing its effects to be studied 

in relative isolation. Both ordinary differential equation and stochastic differential 

equation models will be examined and fitted. Some familiarity with likelihood theory and 

AIC/BIC information criteria and/or Bayesian methods for model selection is required. 

No prior knowledge of biological systems is assumed.  

 
 

Topic:  Development of Algorithms to Study the Evolution of Organisms 
Supervisors:  Dr Mathieu Fourment (ithree) and A/Prof. Aaron Darling (ithree) 

Contact:  aaron.darling@uts.edu.au 

 

Description: Evolution has been at work for billions of years, generating an incredible 

diversity of life, ranging from simple organisms such as viruses to complex multicellular 

eukaryotes. Genome sequences can give a glimpse of evolution’s path by providing us 

with data from which evolutionary relationships can be computationally predicted. 

Understanding the evolutionary history using these so-called phylogenetic methods has 

an intellectual appeal but it also has important medical and industrial applications, for 

example guiding the development of vaccines and other strategies to circumvent 

diseases. 

 

Markov chain Monte Carlo algorithms have been the workhorse of Bayesian inference in 

phylogenetics for almost three decades. Although these algorithms have been 

successfully used in a wide range of applications they do not scale well to large numbers 

of sequences. We propose an honours project to investigate other methods such as 

variational inference and sequential Monte Carlo. We have developed prototypes 

implementing these algorithms and preliminary results show that these methods are 

more efficient and orders of magnitude faster than other algorithms. These projects are 

interrelated and can be tailored to match the student’s interests. These projects would 

suit students with a strong interest in bioinformatics and some experience in 

programming and/or statistics. 

 

The student will develop skills in computational biology, phylogenetics, evolutionary 

biology, programming and statistics. The project will require learning to use 

bioinformatics programs, including alignment and phylogenetic software. 

 
 
Topic:  Unpredictability in Ecosystem Modelling 

Supervisors:  Dr Stephen Woodcock, Prof. Peter Ralph (C3)  
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and Dr Mark Baird (CSIRO) 
Contact:  stephen.woodcock@uts.edu.au 

 
Description: In 1962, Edward Lorenz famously stated that weather prediction is 

feasible for week or more in advance, but not a month. The model on which he based  

this assertion bears little resemblance to today's sophisticated weather model - yet they 

too have diminishing skill past one week - because he captured dominant processes 

driving unpredictable behaviour.  

 

In most ecological systems, predator-prey interactions are dominant non-linear 

processes inhibiting prediction. In this project, numerical models of simple predator-prey 

systems will be used to establish the time-scale of prediction for ecological models. The 

project will require programming in Matlab (or similar), an understanding of non-linear 

systems, and the ability to conceptualise complex results for application to generic 

systems. No prior knowledge of biological systems is assumed.  

Mathematics Education 

Topic:  Theoretical Issues for Research in Mathematics Education 
Supervisor:  Dr Mary Coupland   
Contact:  mary.coupland@uts.edu.au 

 

Description: The research field of Mathematics Education is younger than in 

Mathematics itself. Its foundations can be found in other fields such as Social and 

Cognitive Psychology, Sociology, and Philosophy. An important part of research in 

Mathematics Education is the role of theories of learning. In this project a student will 

have the opportunity to survey theories of learning that inform research in Mathematics 

Education.  

What makes this project engaging is that current research into the structure and function 

of the human brain is forcing educational researchers to rethink their models of how 

people learn. Improving learning and teaching is a major way to contribute to the 

progress of individuals and to society as a whole, and research-based innovations are 

much more likely to succeed. This project would be of interest for anyone considering a 

career in teaching mathematics or related disciplines. 

Mathematical Physics 

Topic: Modelling acousto-mechanical properties of porous materials 

Supervisor:  Dr Irina Kabakova and Prof. Chris Poulton 
Contact:  Irina.Kabakova@uts.edu.au, christopher.poulton@uts.edu.au 

 

Description:  Biological materials, such as cells and tissues, are soft materials that 

consist of solid porous network (often structured from polymer fibres) and liquid filling. 

The mechanical properties of these materials are linked to their functioning, and 

maintenance of appropriate elasticity levels is critical for their healthy life cycle. It has 

been recently shown that cells change stiffness with progression of several diseases 



 

August 2019 13 

(e.g. cancer, fibrosis etc.) Thus, it is important to understand the mechanisms that 

influence the cell and tissue’s stiffness and be able to control it.  

In this project, the numerical 

algorithms will be developed to assist 

with the understanding of mechanical 

and acoustic properties of soft porous 

materials. This will ultimately play a 

pivotal role in interpretation of 

experimental studies based on opto-

acoustic interactions in biological 

materials such as those using Brillouin 

microscopy and spectroscopy. 

 

The objectives of this project are:  

- to study and implement finite element algorithms using commercially available 

software COMSOL and Matlab;  

- to construct a physically relevant model of a soft porous tissue; 

- to obtain velocities and frequencies of acoustic waves propagating through such a 

material; 

- to connect these findings with mechanical properties of the material such as 

longitudinal and shear elastic moduli.  

     

Following learning outcomes of this research project are expected:  

- Knowledge and practical skills in finite element modelling using COMSOL packages; 

- Training of critical thinking and problem solving skills; 

- Experience of working on a “real” multidisciplinary research project typical for 

academic research and R&D engineering. 

 

 
Topic: Statistics of Light Propagation in Disordered Topological Photonic 

Crystals 

Supervisor:  Prof. Chris Poulton  and Dr Ara Asatryan 
Contact:  christopher.poulton@uts.edu.au, ara.asatryan@uts.edu.au,  

 

Description: The subject of topological photonics has attracted substantial attention 

recently. This interest was sparked by the existence of the direct photonic analog of 

topological chiral Hall edge states in photonic systems. Such strong interest in the 

properties of photonic chiral Hall edge states is based on their intrinsic properties - 

immunity to both disorder and backscattering. Both of these properties can be utilized to 

construct highly efficient nanoscale nonreciprocal devices such as one-way waveguides, 

optical isolators and buffers. The topological chiral Hall edge states exist at the interface 

of two photonic crystals which have bands with different topological Chern numbers. The 

immunity to disorder of chiral Hall edge states originates from the fact that moderate 

disorder cannot change the value of an integer Chern number, leading to the 

preservation of a waveguides guiding properties. 

 

The aim of this project is to investigate the effects of disorder on wave propagation in 

disordered topological photonic crystals and investigate the statistics of light 

transmission. The project is addresses the fundamental properties of wave propagation 

in disordered topological photonic crystals. Deeper understanding of this problem 
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underpins the future technological advances in photonics and optics. No prior knowledge 

of the subject is required. 

 

 

Topic: Surface acoustic waves and surface plasmons: waves at the extremes of 

nonlinear optics 

Supervisor:  Prof. Chris Poulton, Dr Stefano Palomba, Dr Birgit Stiller, Dr Alessandro 

Tuniz  and Prof. Benjamin J. Eggleton (University of Sydney) 
Contact:  christopher.poulton@uts.edu.au 

 

Description: Metals are interesting materials in wave physics – not only are they highly 

reflective, but they also support waves that travel along edges. These waves, known as 

surface plasmons, are seen as a bridge between optics and electronics, and have 

extremely high nonlinear properties. Interestingly, there is another family of waves that 

travel along edges: these are Rayleigh waves, which are mechanical vibrations that often 

arise in earthquakes. At very high frequencies and on the nanoscale these two types of 

waves can interact, creating a new type of optical nonlinearity that can potentially be 

used for a range of breakthrough applications in sensing, filters, and laser sources.  

 

However this interaction has just now been proposed and the physics of this interaction 

has not yet been explored. This project will investigate this new type of nonlinearity in 

metallic films and waveguides, and will lead to experiments done on structures to be 

fabricated in the group, potentially as part of the project. The project will suit a student 

with an interest in theoretical or wave physics, expertise in calculus and differential 

equations, and some experience with programming. This project will involve 

collaboration with an experimental group at the University of Sydney. 

 

      

                                          

 

Topic:  Sound-light Interactions in Nanophotonics 

Supervisor:  Prof. Chris Poulton   
Contact:  christopher.poulton@uts.edu.au 

 
Description: This project will study the mathematical problem of the coupling between 

mechanical vibrations of solid materials and light on very small scales. This classical 

problem has recently been given new emphasis by a growing interest in the field of 

nanophotonics, in which mechanical vibrations have been suggested as a route to 

studying quantum effects on a large scale. The project will consist of developing a new 

Surface acoustic 

wave in metal 

Glass cladding 

Metal nanowire 

Input laser  
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simple theory for the study of the interaction between sound (vibrations) and light in very 

small objects. The theory developed over the course of the project should be 

implemented numerically, so some programming experience is required.  

Optimisation and Operations Research 

Topic:             Combinatorial Optimisation for Statistical Learning/Machine Learning 
Supervisor:    Dr Hanyu Gu 
Contact:         hanyu.gu@uts.edu.au 
  
Description:   Nonlinear Optimisation has played a critical role in many important 

statistical learning problems including dimension reduction, model selection, regression 

procedures, and classifiers. Recently, combinatorial optimisation has been shown with 

strong potential to solve hard statistical learning problems with combinatorial structure, 

e.g, Lasso and Baysian graph structure. In this project student will apply the latest 

advances in Integer Programming techniques to a selected statistical learning problem.  

 

The student should have good knowledge of statistics, optimisation, and programming 

skills in python and/or C++. 
  
  
Topic:             Stochastic Programming for Social Networks 
Supervisor:    Dr Hanyu Gu 
Contact:         hanyu.gu@uts.edu.au 
  
Description:   Our world is becoming more and more connected with the exploding 

popularity of social networks such as Facebook, LinkedIn, Google+ and Twitter. In 2014 

Facebook has boasted of 1.35 billion monthly active users and 864 million daily users on 

average. Naturally social networks have evolved to become one of the major advertising 

channels. One of the critical questions for marketers with limited budgets and resources 

is to identify a small number of key influencers to maximise the information propagation. 

In this project student will study the simulation, modelling and optimisation of influence 

propagation considering the stochastic factors. The student should have good 

knowledge of statistics, simulation, optimisation, and programming skills in python and/or 

C++. 

  
  
Topic:             Decomposition Method for Scheduling Problems with Network Structure 
Supervisor:    Dr Hanyu Gu 
Contact:         hanyu.gu@uts.edu.au 
  
Description:   Decomposition is a powerful technique to solve large industrial 

optimisation problems such as transportation, manufacturing, mining and supply chain 

management. It can take advantage of the underlying large-scale network structure to 

improve computational efficiency. The student will select an application area and apply 

one of the most famous decomposition techniques (column generation, Lagrangian 

relaxation and Benders decomposition). As an example, the student can study the 

Lagrangian relaxation method for maximising the net present value of resource 

constrained project scheduling problem which arises in open-pit mining.  
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The project consists of developing and comparing different algorithms on a large set of 

benchmark problems. The student should have undertaken at least three subjects in 

optimisation, and have good programming skills in Python and/or C++. 
 

 

Topic:  Optimal Control of Battery Storage 

Supervisors:  A/Prof. Juri Hinz and Prof. Alex Novikov 

Contact:  juri.hinz@uts.edu.au, alex.novikov@uts.edu.au 

 

Description:  In the current environment, Battery Energy Storage Systems (BESS) 

represent a technology which are becoming an increasingly viable option in the power 

sector. Nevertheless, optimal operational management of BESS is crucial 

for the economic justification of their installation due to high costs. In an ideal situation, 

they are recovered by positive effects resulting from load shift/shaving of price spikes.  

This requires optimized integration of the two major components under some restrictions: 

the energy prices and the uncertainty of energy output from generation, while taking into 

account the so-called deep discharge costs. In this project, we use a novel algorithmic 

methodology for solving the relevant optimization problems.  

 
 
Topic: Complexity Analysis and Algorithm Design for Scheduling Optimisation 

Problems  
Supervisor: Dr. Feng-Jang Hwang  

Contact: feng-jang.hwang@uts.edu.au 

  

Description: Scheduling is a process of decision making about how to allocate the 

limited resources such as funds, raw materials, manpower, machines, and energy to the 

processing of projects or tasks for single- or multi-objective optimisation. From the 

practical point of view, efficient scheduling plays a pivotal role in manufacturing and 

service industries owing to its indication of enterprise competitiveness. The application 

of scheduling can be found in production, transportation, communication, information 

processing, etc. In academic aspect, the theory of scheduling develops into a foundation 

of knowledge about mathematical models, combinatorial optimization, algorithmic 

methodologies, heuristic techniques and simulation approaches. Based on 

computational complexity theory, one significant branch in scheduling theory is devoted 

to investigating the efficient solvability of scheduling problems and the computing efforts 

required by their solution techniques. This research stream aims to explore whether the 

studied scheduling problems are intractable and determine their complexity statuses.  

 

The well-developed complexity hierarchies of scheduling problems can provide valuable 

information about the direction of effective problem-solving approaches and make a 

substantial contribution to industrial enterprises in real-world situations. 

The project aims to provide students with experience in investigating the computational 

complexities of the scheduling optimisation problem. The research will be conducted by 

establishing the polynomial solvability through the development of polynomial-time 

algorithms or producing the NP-hardness (intractability) proof through the reduction from 

notable NP-complete problems. Numerical experiments for the designed algorithms are 

also considered. The fundamental knowledge of linear algebra, operations research, 

combinatorial optimisation is assumed. The basic skills of C/C++, Matlab or Mathematica 

programming may be required. 
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Topic: Efficient models and algorithms for real-world optimisation problems  
Supervisor:  Dr Amir Salehipour 

Contact:  amir.salehipour@uts.edu.au 

 

Description: Optimisation problems are found almost everywhere and across variety 

of domains including routing and transportation, resource allocations in manufacturing 

and service areas, portfolio optimisation and finance, roster and staff planning, 

operations scheduling, and warehouse/site selections, among others. The optimisation 

problems aim to better utilise the scarce resources through optimal allocation of limited 

resources to available services and operations. For practical reasons, designing and 

implementing efficient models and algorithms play an important role in optimisation, 

particularly, due to today’s enterprise competitiveness, which demand for cost-effective, 

resource-efficient, and environmental-friendly solutions. 

 

The project aims to provide students with experience in investigating the practical 

solution methods, including models and algorithms, for real-world optimisation problems 

addressing the real-world challenges and complexities.  

Preliminary knowledge of optimisation is required, as well as basic programming and 

data analysis skills. At the end of the project, students obtain advanced knowledge and 

broad insights into optimisation modelling, algorithm design and implementation, and 

programming, which may assist them in pursuing their academic or industry careers. 

 

 

Topic: Scheduling with rejection 

Supervisor:  Dr Amir Salehipour 

Contact:  amir.salehipour@uts.edu.au 

 

Description: Scheduling problems aim to determine the start or completion time of 

tasks such that a criterion (or a set of criteria) is optimized. Certain scheduling problems, 

particularly in the delivery and service domains, allow for rejecting a task if certain 

penalties are agreed upon. For example, imagine a courier company, which offers a 

range of delivery products with the objective of minimizing the delivery time. Depending 

on the amount of orders and their types, the company may either accept or reject certain 

orders. Here, the penalties include lost revenue and company’s reputation for example. 

Then an important question is “Which orders must be rejected?” At an advanced level, 

an important concern is “What the reject policy might be?” This project aims to answer 

those questions. 

 

Preliminary knowledge of optimisation is required. Programming and data analysis skills 

are a bonus.  

The project provides students with broad insights into real-world optimisation modelling 

and strategies. 

 

 

Topic: Resource constrained project scheduling 

Supervisor:  Dr Amir Salehipour 

Contact:  amir.salehipour@uts.edu.au 

 

Description: A project (e.g. construction, manufacturing, a new product development, 

etc.) involves many tasks, and each task is given a start and end dates, not to mention 

that the tasks typically have precedence requirements. The aim of project scheduling is 

to schedule project tasks such that the project completes on time and budget. Certain 
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resources may be needed to complete a task. An important type of resource is human 

resource. In fact, due to people different skills and their availability project scheduling is 

a very complex problem. This research project investigates modelling and heuristic 

solution methods for the “resource constrained project scheduling” problem. 

 

Preliminary knowledge of optimisation and programming is required.  

The project provides students with advanced knowledge of modelling and algorithm 

design and implementation. 

 

 

Topic:  Optimisation Algorithms for Deterministic Scheduling Models 

Supervisor:  A/Prof. Yakov Zinder   
Contact:  yakov.zinder@uts.edu.au 

 

Description: Mathematical methods are widely used in scheduling problems arising in 

computer science, manufacturing, transportation, and many other areas. The project will 

provide a student with experience in the development of optimisation scheduling 

algorithms and analytical and experimental analysis of different discrete optimisation 

techniques.  

 
 
Topic: Mathematical Models and Methods for Planning and Scheduling in the 

Transportation Sector 

Supervisor:   A/Prof. Yakov Zinder   
Contact:        yakov.zinder@uts.edu.au 

 
Description:  Mathematical models and methods play a significant role in the 

transportation sector. Three different practical optimization problems, arising in the 

transportation sector, are offered below as three separate honours projects. Students 

can choose any of these three projects. Regardless of what project has been chosen, 

the student will gain an experience of solving an important practical optimization problem 

and will learn new ideas and methods in the field of optimisation. Since all three projects 

closely relate to my collaboration with industry, it is envisaged that each project will 

provide the student with an experience of direct communication with industry. The aim 

of each of these three projects is twofold: to facilitate a successful career in industry and 

to build the foundation for a PhD study. The offered projects are    

- Vehicle Routing with Time Windows and Simultaneous Pickups and Deliveries in the 

Retail Sector 

- Design of Delivery Zones for a Fleet of Vehicles Under the Uncertain Demand 

- Scheduling of Rolling Stock Maintenance.   

Quantitative Finance 

Topic:  The Pricing of Derivative Securities 

Supervisor:  Dr Mark Craddock 

Contact: mark.craddock@uts.edu.au 

 

Description: There are many different types of derivative securities currently being 

traded in financial markets.   A derivative is a financial security whose value depends 

upon the value of another underlying product.   For example, a call option on a share 
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allows the holder to buy a share at an agreed upon price at some date in the future.   The 

accurate pricing of derivatives is a crucial problem in financial mathematics.   The 

interested student can study the theory of pricing for particular securities, by focussing 

on special techniques such as eigenfunction, symmetry and transform methods. 

 

 

Topic:  Risk measurement of investments (SRM) 

Supervisors:  Dr Nadima El-Hassan 

Contact:  nadima.el-hassan@uts.edu.au 

 

Description: The Standard Risk Measure is the most commonly published measure of 

investment risk for superannuation products and investment funds in Australia. It was 

developed by the Financial Services Council and the Association of Superannuation 

Funds of Australia, and it is based on the likely number of negative annual returns 

expected over any 20 year period.  

- Research and review the method for calculating the SRM 

- Using suitable proxies for asset classes Australian equities, international equities, 

Australian listed property, Australian fixed income and cash, estimate the SRM using 

historical returns and volatilities over 5, 10, 15 and 20 year periods 

- Estimate the SRM for a diversified portfolio of investments, using suitable weights 

and returns and covariance estimated from the historical data     

- Compare the SRMs you calculated with published values for several real funds in 

each asset class, and several diversified funds. Cover a range of product providers 

including industry super funds and retail funds. 

- Discuss the consistency of the different estimates. Are the SRMs of real funds 

consistent across product providers? Where they are not, how much difference does 

this imply in the risk or return estimates underlying the SRM calculations? Use 

historical values as a starting point, and document your assumptions. Are there 

improvements that could be made to the SRM methodology? 

 
 
Topic:  Study of models of the continuous-time dynamics of a limit order book 

Supervisors:  Dr Nadima El-Hassan 

Contact:  nadima.el-hassan@uts.edu.au 

 

Description:  The models should be estimated from data and should capture key 

empirical properties of order book dynamics.  

 
 

Topic:  Mathematical problems in algorithmic and high-frequency trading 

Supervisors:  Dr Nadima El-Hassan 

Contact:  nadima.el-hassan@uts.edu.au 

 

Description: The design of trading algorithms requires sophisticated mathematical 

models, a solid analysis of financial data, and a deep understanding of how markets and 

exchanges function. In this context consider the execution of large orders, market 

making, VWAP, trading pairs or collection of assets, and execution in dark pools.  

 

Topic:  Implementing a Robust Portfolio Investment Strategy 

Supervisor:  Prof. Erik Schlögl 

Contact: erik.schlogl@uts.edu.au  
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Description: Traditional quantitative methods for managing investment portfolios in 

shares are very sensitive to modelling assumptions which are unlikely to hold exactly in 

reality, and also very sensitive to model inputs which must be statistically estimated 

from financial market data. Thus the methods entail a substantial amount of model risk 

(the risk of financial losses due to the model or its inputs being wrong). This project will 

involve the implementation and testing on real financial market data of a portfolio 

investment strategy which explicitly takes model risk into account, thus resulting in an 

investment strategy which is more robust with respect to misspecification of the model 

and/or the model inputs. A student taking up this project should have knowledge of 

probability theory and linear algebra. 

Sport and Exercise Science                                     

(In conjunction with Human 

Performance Research Centre, UTS 

Faculty of Health) 

Topic:  Sports and Exercise Science  

Supervisors:  Dr Job Fransen (Human Performance Research Centre, Faculty of 

Health) and A/Prof. Mark Watsford (Human Performance Research 

Centre, Faculty of Health) 

Contact:  job.fransen@uts.edu.au, mark.watsford@uts.edu.au  

 

Description: Sport scientists regularly deal with large amount of data in order to make 

decisions in sport, and have strong working relationships with a range of professional 

sporting organisations from Rugby Australia to the Sydney Swans Football Club. For 

example, UTS sport and exercise scientists currently use data to inform coaching staff 

about their athletes’ training and match running demands in order to optimise 

performance and reduce the risk of injuries. UTS sport scientists also use commercially 

available data on the skill involvements of team sport athletes to analyse team sport 

performance, so they can make sure athletes’ skill training meets the demands of 

competition. Students who are interested in how data around sport and exercise could 

be used to inform the sports practice are invited to collaborate with the Sport and 

Exercise research group, and can contact Job Fransen (job.fransen@uts.edu.au) or 

Mark Watsford (mark.watsford@uts.edu.au) to find out more. 

Statistical Methodology and 

Applications 

Topic: Fast estimation of Bayesian models for predicting the promotional effects of 

marketing 

Supervisor: Dr Matias Quiroz 

Contact: matias.quiroz@uts.edu.au 
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Description: Estimating the time-varying baseline sales allows marketers to effectively 

evaluate the successfulness of their promotions. The sales time series often has complex 

structures, exhibiting structural breaks and heavy tails, among other features. State-of-

the-art dynamic linear models, i.e. state space models, can account for these complex 

structures. However, their estimation using a simulation technique that combines the 

Gibbs sampler with Kalman filtering/smoothing can be very time consuming. This project 

aims at exploring the usefulness of an alternative estimation approach based on 

optimization that is called variational inference. Variational inference provides an 

approximate answer at a much lower computational cost than the simulation technique 

described above (which provides an exact answer).  

 

This project will explore the following key questions. Can variational inference estimate 

the posterior distribution of the baseline sales accurately? Can the approximate posterior 

distribution obtained by variational inference provide accurate sales predictions? The 

project is suitable for a student with a good programming knowledge and eager to learn 

about Bayesian inference for state space models and their application in marketing. This 

project will be done in collaboration with Formulate (https://www.formulate.app/), a 

Swedish company that specialises in developing AI solutions for marketing. 

 

 

Topic: Predicting costumers’ financial behaviour 

Supervisor: Dr Matias Quiroz 

Contact: matias.quiroz@uts.edu.au 

 

Description: This project aims at developing suitable statistical models that can predict 

bank costumer’s behaviour. Behaviours that are of interest include modelling time 

deposits and identifying operational deposits. This project involves advanced statistical 

models and their estimation and interpretation. The latter is of importance for the models 

to be useful in the banking industry. Since the supervisor’s knowledge of banking is (very) 

limited, this project is suitable for a student who either knows banking or is willing to learn 

independently. The supervisor will provide guidance on the statistical aspects of the 

project. The project will be done in collaboration with a Senior Quantitative Analyst at 

Handelsbanken (one of the three biggest banks in Sweden). 

 

 
Topic: Bayesian estimation of intractable models 

Supervisor: Dr Matias Quiroz 

Contact: matias.quiroz@uts.edu.au 

 

Description: Intractable models arise when the likelihood function cannot be evaluated 

point-wise due to computational intractability. It is often possible to obtain a cheap 

estimate of the likelihood function point-wise and use the estimated likelihood in place of 

the true likelihood to conduct posterior inference. Recent advances in the literature have 

made it possible to obtain exact posterior inference using Markov chain Monte Carlo 

methods without ever evaluating the true likelihood function, but only evaluating the 

estimated likelihood. These advances have revolutionized Bayesian inference for 

intractable models. However, an important class of intractable models, so-called doubly 

intractable models, fall outside the framework. Doubly intractable models are common in 

network applications, for example when modelling social networks or traffic networks. 

This project will explore various techniques, both simulation and optimization based, to 
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estimate these models. The project is suitable for a student with a strong background in 

computational statistics and programming, who would be interested in eventually 

pursuing a PhD in the area. The student will learn state-of-the-art techniques for 

Bayesian posterior computation and tackle problems that are on the research frontier in 

modern computational statistics. 

 

 

Topic:  Covariance matrices and how to estimate them 
Supervisor:  Dr Shev MacNamara 
Contact:  shev.macnamara@uts.edu.au 

Description: How do you estimate a covariance matrix? What if some entries are 

missing? That sometimes happens when data is not available to estimate a subset of 

the pairwise relationships. Do you simply set the missing entries to zero?  Setting missing 

entries to zero sometimes results in a matrix that is not positive definite, which is a 

serious problem.  Instead, neat Local Inverse Formulas provide a much better 

approach.  This project surveys methods to estimate covariance matrices from 

data.  There are connections to finance. For example, the covariance matrix is important 

when selecting an optimal portfolio. We will work with MATLAB. (Or R or Python or Julia, 

if that is appropriate).  

 
Topic: Aphasia diagnosis and prognosis: application of statistical and machine 

learning techniques to understand factors that affect language and 

speech recovery after a stroke  
Supervisor:  A/Prof Tapan Rai (UTS) and A/Prof Erin Godecke (Edith Cowan) 
Contact:  tapan.rai@uts.edu.au 

   
Description: Aphasia is a language impairment which is caused by damage to the 

language centre of the brain as a result of a stroke or traumatic brain injury. Recovery 

of language and speech function after a stroke or traumatic brain injury is affected by a 

number of factors. Some of these factors are believed to include age, education, 

gender, size and location of lesion (on the brain), stroke severity etc.  

 

Speech and Language Therapy are the mainstay of rehabilitation. However, it is not 

currently known, what aspects of therapy are most likely to result in a good outcome, or 

what (if any) demographic or other factors affect the outcome. This is partially due to 

the fact that till now, statisticians have had limited involvement in aphasia research. 

 

Data gathered as part of a recently concluded international clinical trial (conducted by a 

Team led by A/Prof Godecke) provides a rich data set which forms the basis for a number 

of projects through which statisticians can contribute to medical science. Some examples 

of questions that these projects will attempt to answer are:  

- Is it possible to use statistical classification techniques to determine aphasia severity 

and type? 

- Is it possible to use statistical classification techniques to determine whether a patient 

will respond to speech therapy? 

- What characteristics of the therapy lead to a good outcome? 

 

These projects will build on previous work undertaken by Tea Uggen as part of her 

Honours and PhD research under the supervision of A/Prof Rai and A/Prof Godecke. 
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They provide opportunities for students to be trained as applied biostatisticians, while 

making a real-world impact. 

 
 
Topic:  Real-time Flexible Regression for Streaming Data 

Supervisor:  Prof. Matt Wand 
Contact:  matt.wand@uts.edu.au 

 
Description: Streaming data is now common in areas such as finance and astronomy 

and often there is a premium on fast and informative processing of it. This project is 

concerned with real-time fitting of flexible regression models, such as generalised 
additive models, The Wand research group within the School of Mathematical and 

Physical Sciences already has a track record in this area with e.g. the 2014 “Journal of 

Computational and Graphical Statistics” article by Luts, Broderick and Wand and the 

web-site  http://realtime-semiparametric-regression.net/. This project will investigate 

accuracy improvements based on the approximate Bayesian inference approach known 

as expectation propagation. It will involve a blend of methodological development, theory 

and computing. 

 


