Fellowship Reports

1. DR CHEN CHEN

Dr Chen Chen’s research is in the area of modelling with Differential Equations.

In the first month of the fellowship, I looked at the two-periodic diffusion problem proposed by Bunder & Roberts. I
extend the problem by assuming Dirichlet boundary conditions to replace the original periodic boundary conditions.
Introducing the new boundary condition made the problem more complicated. I then modified the original published
algorithm to accommodate the new boundary conditions. Then I compared and contrasted the simulation models
given by both multiscale modelling methods. As the model was linear, I also compared the eigen spectrum of the
macroscale models given by two methods. The difficulty I faced during comparing the eigen spectrum came from that
most of the eigenvalues are complex and sorting complex eigenvalues in the best order is the a trivial task (sic).

During this fellowship, I completed a manuscript titled “boundary conditions for macroscale waves in an elastic
system with microscale heterogeneity”, which summarises my PhD research. I plan to submit this manuscript to an
A-ranked journal.

With the funding provided by AustMS, I also managed to participated in emac 2015. During the conference, I
presented and exchanged my research ideas on multiscale modelling with other mathematicians in this field. I
thankfully acknowledge the support of AustMS and the Lift-off Fellowship. It provided me a fantastic opportunity to
broaden my knowledge in multiscale modelling.

2. DR DANIEL LADIGES

Dr Daniel Ladiges research is in the area of Fluid Dynamics

For my Australian Mathematical Society Lift-off Fellowship I was awarded $5,000 for use as a stipend while
continuing work begun during my PhD.

My principal goal during this period was to write a manuscript for publication, which covered and extended on work
contained in the final chapter of my PhD thesis. The chapter describes a variational method for obtaining approximate
solutions to the Boltzmann equation 4AS this approach is ideal for simulating nano-scale gas flows. When this work
was almost complete we decided to split the material into two separate papers. The first has been finished and will
shortly be submitted to Physical Review Fluids, the second is nearing completion.

In addition to the above, we have commenced collaborations with several experimental groups, using the techniques
developed during my PhD to help interpret the results of experiments involving micro- and nano-scale gas flows. This
includes work modelling the flows in nano-scale squeeze film pressure sensors in order to understand the effects of
gas rarefaction, and simulating the flow through hollow core optical fibres in order to characterise the boundary
conditions. We have collected a large amount of data and made several findings regarding each of these systems,
which should form the basis for several papers in the near future.

Finally, I am developing a general implementation of Monte Carlo algorithms from my PhD thesis, allowing
simulation of 2D nano-scale gas flows. The program emphasises ease of use, and will be made freely available to
researchers investigating nano-mechanical systems operating in a gaseous medium. This work has been significantly
advanced since the beginning of my fellowship, and an initial version should be completed within the next month.

I am shortly commencing a post-doctoral position, during which I will be able to see each of these projects through to
completion. The Lift-off Fellowship was invaluable in starting my academic career, and I with to thank the selection
committee, and my supervisor Prof. John Sader.

3. DR ASHISH GOYAL

Dr Ashish Goyal’s research concerns the Mathematical modeling of hepatitis B and hepatitis D viruses.

Outcomes:

(1) The possibility of the existence of cell-to-cell transmission in the spread of hepatitis B virus was proposed and
investigated for the first time using computational modelling. This project has recently been accepted for
publication under the title of “Modelling the Impact of Cell-to-cell Transmission in Hepatitis B Virus” in PLOS
ONE.

(2) The impact of ignoring HDV presence in the population on socio-economic outcomes of policies aimed at
eliminating HBV prevalence was studied and this study has been accepted for publication as “Recognizing the
impact of endemic hepatitis D virus on hepatitis B virus eradication” in Theoretical Population Biology.

(3) During the period of the fellowship, a new collaboration with Dr. Harel Dahari from Loyola University was
established. We are currently investigating how HCV cures after a short term of direct antiviral agents related
drugs.
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(4) T have additionally initiated a project aimed at explaining the correlated dynamics of HBsAg and HDV RNA
levels in HBV/HDV coinfected patients. The model has been developed and initial testing of the model to the real
world data has been performed successfully.

Future work: The research during this fellowship helped improve our understanding of hepatitis viruses and may
lead to the development of a successful vaccine and/or therapy. The models proposed are novel and generic in nature
that can be employed for the investigation of other viruses. This probably will be a profit to the scientific community
as our research can be employed as a building tool in fields such as mathematical biology, epidemiology and public
health policymaking. This fellowship will definitely improve my career opportunities in the future.

. DR CHRIS BOURNE

Dr Chris Bourne’s work is in the area of of Mathematical Physics known as Noncommutative Geometry and Index
Theory.

Summary of Research. The purpose of the Fellowship was for funding to attend the workshop on “Refining
C'-algebraic invariants for dynamics using KK-theory”, that was held at the University of Melbourne, Creswick
Campus on 18-29 July 2016. The Fellowship also funded a research visit to the University of Wollongong to work
with A/Prof. Adam Rennie following the KK-theory workshop.

During this period, I worked with A/Prof. Rennie on the problem of index theory of twisted crossed product
C'-algebras by R%. Our motivation comes from continuous models of topological quantum systems in condensed
matter physics, whose algebra of observables is a twisted crossed product acting on L?(R%). In particular we studied
the semifinite index theory of such algebras from the perspective of Kasparov theory. Expressions for the semifinite
index pairing were derived and can be considered as the continuous analogue of the ‘“noncommutative Chern
numbers” studied by Prodan and Schulz-Baldes (3). We were able to generalise Prodan and Schulz-Baldes results as
well as expand on earlier work of ours on the problem (1). We expect to finalise and submit these results for
publication soon (2).
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. DR JOSHUA HOWIE

Dr Joshua Howie’s work is in the area of Topology, in particular Knot Theory.

In my PhD thesis I introduced the class of weakly generalised alternating (WGA) links, and proved that they have
essential checkerboard surfaces. I used the Lift-off fellowship to work with Jessica Purcell at Monash University to
study the hyperbolic geometry of WGA links.

We used the essential checkerboard surfaces to detect when a WGA diagram represents a hyperbolic, satellite, or
torus link, including a complete classification for diagrams on the torus, a project begun in my thesis. For the
hyperbolic WGA links, we were able to give criteria for when the checkerboard surfaces are accidental,
virtually-fibred, or quasi-fuchsian. We also proved volume bounds on the complements of hyperbolic WGA links in
terms of properties of a WGA diagram.

I also used the fellowship to attend conferences in Europe in July. In particular, I presented my work at a
low-dimensional topology summer school run by Central European University and Alfréd Rényi Institute in
Budapest, Hungary, and at Knots in Hellas in Olympia, Greece.

. DR HAYDEN TRONNLONE

Dr Hayden Tronnlone’s research is in the area of Fluid Dynamics.

Much of my thesis was devoted to the development of models for the stretching under gravity of fluid cylinders with
internal air channels, leaving limited scope for a thorough comparison of the model with extruded preforms. Owing to
this, I applied for an AustMS Lift-Off Fellowship that would provide financial support while I extended the brief
analysis from my thesis into a thorough study of three representative preform designs, in each case comparing the
behaviour observed in experiments with the predictions made by the model.

This work showed that surface tension contributes significantly to deformation during preform extrusion and can
explain some of the features observed in experiments; however, surface tension alone cannot explain all of the
deformation. We concluded that surface tension and a second effect, extrudate swell, work in concert to deform the
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geometry once the fluid has left the die. In particular, extrudate swell may expand holes and reduce hole spacing,
leading to a greater interaction between holes and hence greater surface-tension-driven deformation. The results of
this investigation have been submitted for publication [1].

I would like to offer my thanks to AustMS and the Lift-Off Fellowship committee for providing me with the
opportunity to continue this research. Through this Fellowship I not only received financial support between the
completion of my PhD and the commencement of a postdoctoral position but was able to continue my work and
identify avenues for future research and collaboration. I highly encourage all graduating PhD students to consider
applying to this worthy scheme.
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. DR ALEX AMENTA

Dr Alex Amenta’s research is in the area of differential equations.

During my Lift-off Fellowship, working with Pascal Auscher, I improved the results of my thesis on adapted
Besov-Hardy-Sobolev spaces and boundary value problems and added some new ones, with the intention of
eventually publishing them as a research monograph. We finally finished this in July 2016 (1).

Recently, Chen, Coulhon, Feneuil, and Russ showed that for Vicsek manifolds (whose large-scale geometry
resembles the global geometry of a Vicsek fractal) of any dimension, (R,) holds if and only if p < 2. Their proof of
LP-unboundedness of the Riesz transform for p > 2 is quite simple, and during my Lift-off Fellowship I recognised
that the combinatorial structure underlying this proof is that of a “spinal graph” (G, X): an infinite graph G with a
subset ¥ C V(G) such that G is a collection of finite graphs attached only along 3. For any spinal graph (G, ) with
certain volume and dimension assumption—roughly speaking, 3 should be 1-dimensional, while G should have
dimension greater than 1 — (R,,) fails for p > 2 for all manifolds with geometry “close to” that of G. This gives a
mechanism for constructing manifolds which fail (R,) for all p > 2, and which need not have any fractal-like
structure (unlike Vicsek manifolds). Following my Lift-off Fellowship I identified concrete examples of spinal graphs
(G, X) satisfying the relevant volume and dimension conditions: it is not obvious that many examples other the
Vicsek graph exist, but indeed they do. However, the question of whether the associated manifolds satisfy (R),) for

1 < p < 2 remains open.

Thanks. I thank the AustMS for their generous support, which allowed me to keep working after submitting my
thesis and thus maintain momentum before starting a postdoc. Thanks!
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. DR ELENA TARTAGLIA

Dr Elena Tartaglia’s research is in the area Mathematical Physics

We are interested in studying two-dimensional lattice models in statistical physics that satisfy the Yang-Baxter
equation and are, therefore, exactly solvable. At criticality, these models exhibit universal behaviour that can be
characterised by a corresponding conformal field theory. It is the aim of our research to study exactly solvable models
and discover their corresponding conformal field theory.

This AustMS Lift-off Scholarship has allowed me to conduct research further to my recent paper with collaborators
Jean-Emile Bourgine and Paul A. Pearce titled “Logarithmic minimal models with Robin boundary conditions.” In
this paper we applied Robin boundary conditions to the logarithmic minimal lattice models and showed that the
conformal dimensions of the related conformal field theory, the logarithmic minimal models, has Kac label s taking
half-integer values, instead of the standard integer values.

The work during this scholarship began the search for boundary conditions corresponding to half- integer values for
the other Kac label, . We began by modifying parameters in the previous Robin boundary conditions, but this did not
lead to the discovery of any new conformal dimensions. We are currently looking for a new solution to the boundary
Yang-Baxter equation which gives conformal dimensions with half-integer Kac label r.

. DR MATTHEW TAM

Dr Matthew Tam’s research is in the area of optimisation.

Stated abstractly, the feasibility problem asks for a point contained in the intersection of a finite family of constraint
sets. Many fundamental problems arising in mathematics, science and engineering can be phrased in this language.
For instance: systems of linear equations and inequations, imaging reconstruction (phase retrieval, ptychograpy),
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combinatorial optimisation (knapsack feasibility), and various matrix completion problems (correlation and distance
matrix reconstruction). Iterative projection methods are class of general purpose algorithms which can be applied to
these problems and remain popular due to their relative simplicity, easy-of-implementation, and experimentally
observed good performance. These features are particularly appealing to the practitioner.

Whilst there are a number of books which touch on the topic of projection methods, there exist few which are
dedicated to their in-depth treatment and, those which do, offer little on current state-of-the-art. In this direction, two
examples of recent progress in the area include the discovery the cyclic Douglas—Rachford method (1) and the use of
regularity assumptions on the local geometry to analyse the methods in non-convex settings (2).

I was fortunate enough to receive a Lift-off fellowship to fund a three week visit at the beginning of 2016 to the
University of Alicante (Spain) where I was a visitor of Dr Francisco Aragén Artacho. During this visit, we
commenced our ongoing preparation of a book, which we hope will provide an up-to-date account of projection
methods covering aspects of both theory and applications. It is our hope that the book will be of interest to those
working in optimisation theory as well as practitioners interested in using projection-type algorithms.

I wish to thank the Lift-off fellowship for their generous support as well as Dr Aragén Artacho and the University of
Alicante for their warm hospitality.
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DR NARJESS AFZALY

Dr Narjess Afzaly’s work is in the area of Graph Theory.

The focus of my PhD studies was on the efficient isomorph-free generation of different classes of graphs. Our results
were considerably in excess of the previous results of the many people who worked on the same problems. I have
been awarded a Lift-off Fellowship that facilitates my visit to Professor Brendan McKay at the Australian National
University where I continue my research and prepare journal publications as follows:

e Employing advanced generation algorithms, we have identified and catalogued the set of small Turdn graphs for
collections of short cycles. Currently we are preparing 4 manuscripts based on these results.

e We have introduced a new method of canonical labeling and a modified version of the Orderly Generation based
on the new method. Our aim is to expand the application of this novel method to other classes of combinatorial
objects such as Latin rectangles.

e During my PhD studies, in collaboration with C. Menon, we have developed an efficient algorithm to generate
4-regular graphs. It is the most efficient known software for graphs up to 18 vertices. We are currently preparing
a manuscript on this topic for publication.
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