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M1. Filtering formulations for fuel freight
Candidate: Chris O'Brien
Advisor:  AsPrMichael Forbes

Abstract: Have you ever wondered how petrol stations (almost) always have fuel? Does mathematics have
arole to play? Fuel distribution companies must decide how they route their vehicles every day to ensure
they efficiently deliver fuel to their stations. In particular; the transportation of fuel presents some addition-
al complications: different fuels cannot be mixed, vehicles must deliver full compartments for safety rea-
sons, deliveries may be split over multiple visits as they demand more fuel than one vehicle can carry. We
present new integer programming formulations based on fragments and full routes to accommodate
these rules; however, the sheer number of options can make the model impossible to solve for even mod-
erate instances. To overcome this, we introduce formulation leveraging, a novel variable fixing technique
that can be used to remove superfluous variables in the fragment formulation prior to optimisation. Our
computational tests showed that more than 90% of variables could be removed in some cases while solv-
ing every instance in the benchmark to optimality (including 25 for the first time). This demonstrates the
technique's utility and indicates it as a useful augmentation for fragment formulations in other vehicle rout-
ing problems.

M2. The Geometric Wall: Manifold Structure Predicts Layerwise Sparse
Autoencoder Scaling Laws

Candidate: Eslam Zaher
Advisor:  Prof Farbod Roosta-Khorasani

Abstract: Sparse autoencoders (SAESs) operationalise the linear representation hypothesis: they recon-
struct model activations as sparse linear combinations of interpretable dictionary atoms, on the implicit
assumption that activation space is well approximated by a globally linear structure. Their reconstruction
error varies sharply across layers in ways that existing scaling laws, fitted at single layers, do not explain. We
argue that this variation is the empirical trace of a geometric mismatch: where the activation manifold is
curved and its intrinsic dimension varies across layers, no sparse linear dictionary can match it uniformly;
and the SAE's width-sparsity scaling becomes a layer-dependent function of manifold structure rather
than a single universal law. We conduct the first cross-layer SAE scaling study; fitting and regressing on 844
residual-stream Gemma Scope SAE checkpoints across 68 layers of Gemma 2 2B and 9B. Stage 1 fits a per-
layer scaling-law surface; Stage 2 regresses the fitted parameters and the derived per-layer width expo-
nents on four layerwise geometric summaries. We find that manifold geometry predicts the per-layer
width exponent in both models, and that the same regression coefficients learnt on one model predict the
other model's per-layer exponents under cross-model transfer; indicating a transferable geometric law: At
the showrcase layers where richer width grids permit identification of the asymptotic floor; we find that the
fitted floor tracks the layerwise geometric ordering: higher curvature and intrinsic dimension correspond
to higher floor; consistent with the irreducible second-order residual that any sparse linear approximation
of a curved manifold must leave behind. SAEs thus encounter not a finite-resource ceiling but a geometry-
dependent wall, set by the manifold they are trying to reconstruct.



M3. Ricci Flows With Symmetry
Candidate: Henry Wood
Advisor:  DrRamiro Lafuente

Abstract: We study Ricci flows on principal bundles with nilpotent structure group and compact one-
dimensional base. Lauret proved that homogeneous Ricci flows on simply connected manifolds with
nilpotent symmetry are type-IIl. Recently; Gindi-Streets proved that Ricci flows on four-dimensional princi-
pal bundles with nilpotent structure groups and compact one-dimensional base are type-IIl. We allow the
structure group to be any nilpotent Lie group and prove that the corresponding Ricci flows are type-IIL To
do so, we extend Lauret's bracket flow to principal bundles. The results are new for Ricci flow.

M4, Distilling small and well-performing tree policies for reinforcement
learning

Candidate: Joel Woodfiled

Advisor:  DrNanYe

Abstract: Neural networks have been successfully applied to reinforcement learning to solve difficult se-
quential decision-making problems. However; they are generally hard to interpret, motivating recent inter-
est in learning decision tree policies as decision trees are more interpretable. One technique for learning
tree policies is distillation, where a complex neural network policy is trained first and the learned policy is
projected onto the set of tree policies. However, these techniques may struggle to learn small, well-
performing trees as the neural network may be too complex for projection to work effectively. We investi-
gate a novel method for training the neural network with a regulariser that encourages the model to be
close to the set of tree policies so that the projection is more effective. We test our methods on benchmark
reinforcement learning problems.

MS5. Theoretical Convergence Analysis of Gaussian Process MARL
Candidate: Jonathan Mavroforas
Advisor:  Prof Farbod Roosta-Khorasani

Abstract: We develop an approach for learning how multiple decision-making agents should act when the
dynamics of their environment are known. Our method learns from a single stream of experience and pro-
vides mathematical guarantees for convergence toward an approximate equilibrium.



M6. The Fino—Vezzoni conjecture

Candidate: Joseph Kwong
Advisor:  DrRamiro Lafuente

Abstract: A complex manifold is a space that locally looks like C”n, but globally may look completely differ-
ent. Complex manifolds admit many Hermitian metrics: different ways of measuring distances. One way of
distinguishing between complex manifolds is by studying Hermitian metrics that satisfy different differen-
tial equations: the most infamous are Kahler; balanced, and pluriclosed metrics. The Fino--Vezzoni conjec-
ture asserts that a complex manifold admitting both balanced and pluriclosed metrics must also admit a
Kahler metric.

M7. Ensuring sufficient sampling effort to monitor an elusive Australian
mammal

Candidate: Kevin Foo

Advisor:  DrMatthew Holden

Abstract: Monitoring koala populations is critical for their protection, as the species faces threats such as
habitat loss and disease. It is important to ensure that surveys conducted to monitor changes in the pro-
portion of sites used by koalas have sufficient sample sizes. If not, declines or increases in the proportion
may be unlikely to be detected. Koalas are elusive, and regional surveys cover larger areas. For this reason,
presence-absence surveys are often conducted using the presence of koala droppings as evidence of site
usage. These surveys, however, have problems with observational error: We have created a minimum sam-
ple size formula applicable for total revisit, no revisit and partial revisit surveys, and dependent on observa-
tional error and transition probabilities. This formula, validated using Monte Carlo simulations, has broad-
er applicability to the detection of trends of binary data where observation units may or may not be revisit-
ed.

M8. Einstein Manifolds with Symmetries
Candidate: Marcos Martinez Wagner
Advisor:  DrRamiro Lafuente

Abstract: Riemannian geometry studies shapes in an intrinsic way. Among Riemannian manifolds, we
study Einstein manifolds which are of importance both to physicists and geometers. The Einstein equation
is notan easy PDE, but we can simplify the equation by imposing symmetry.

M9. What is a G_2-manifold?
Candidate: Stepan Hudecek
Advisor:  Prof Artem Pulemotov

Abstract: What are G_2-manifolds and why you should care? What is so interesting and important about
seven dimensions? In this poster; we introduce a very active geometry topic, G_2-manifolds, a certain spe-
cial type of 7-dimensional spaces. We also explore their unique mathematical properties and their connec-
tion to physics.



M10. Geckos, Grasses and Logistic Growth
Candidate: Tapash Alister
Advisor:  DrMatthew Holden

Abstract: Weeds are a serious threat to many species and ecosystems. While they can be removed, any gar-
dener will tell you the biggest challenge is keeping an area weed free (since they grow back), with repeated
clearing is required to maintain a habitat. However; if you clear too much area, the weed will grow back
before you can re-clear and if you clear too little area, you will not have enough weed-free habitat. This
leads to the natural question: how much area should we be clearing to maximise a local species popula-
tion? My research aims to answer this question through analysis of sequences of solutions to ODEs and
general optimisation techniques, with two distinct methods tailored to protection of the endangered Bor-
der Thick-tailed Gecko and protection of native plants generally.

M11. Existence and uniqueness of the Yang-Mills flow
Candidate: Chak Hoi Chan
Advisor:  AsPrMin-Chun Hong

Abstract: The Yang-Mills flow equation was introduced by Atiyah and Bott in 1982. Itis the gradient flow
of the Yang-Mills functional. The poster will represent our works on the existence and uniqueness of the
Yang-Mills flow. We proved the existence of weak solutions of the Yang-Mills flow in higher dimensions (m
> 4). We proved a parabolic gauge fixing theorem and a compactness theorem for the Yang-Mills flow. By
improving our parabolic gauge fixing theorem, we aim to prove uniqueness as well.

M12. A Band-Aid on Australia’s Housing Crisis
Candidate: Grace Burtenshaw
Advisor:  DrMeagan Carney

Abstract: In recent years Australia has observed a growing, unexplained resilience of increasing house
price against mortgage rate hikes. Here, we seek to understand what is driving Australia’s indestructible
asset using insights from market experts. We construct a differential equation model of house price to de-
velop intuition for its historical behaviour and responsiveness to changes in mortgage rates. Using this
model, we identify a point of "decoupling’ between house price and mortgage rate in the system with sup-
ply limitations found to be the main driver for this change. From there, modern extreme value techniques
are implemented on real-world data to investigate how the effectiveness of mortgage rate in moderating
extreme house price has changed before and after this historical decoupling. We find that without an in-
crease in the housing supply chain, through either deregulation or reduced competition with government
building, a 9% increase in mortgage rate will be needed to slow extreme housing costs.



M13. Biologically guided machine learning for Long COVID classification
Candidate: Huan Zhou
Advisor:  DrMeagan Carney

Abstract: Long COVID remains an important clinical problem, yet there is still no single validated laborato-
ry test for it. Proteomics provides a way to look for molecular differences between people with persistent
symptoms and those who have recovered. But good predictive performance alone does not show whether
a classifier is using disease-related biology or other study-related structure. We asked whether prior infor-
mation could guide model fitting while retaining discrimination. Using serum proteomics from 104 do-
nors, we compared LASSO, RRR (Right for the Right Reasons) and a Continuous negative prior with donor-
grouped resampling. The negative prior penalised proteins more strongly when they were associated with
preparation or cohort structure. In linear models, AUC changed little while preparation and cohortreliance
decreased. In a nonlinear protein-plus-clinical model, AUC was 0.831 versus 0.832 without a prior; while
gradient-based cohort reliance fell from 0.226 to 0.088. The guided models showed similar discrimination
while relying less on study-related protein patterns.

M14. Integer Programming for N-Fractions Puzzle
Candidate: Ruoxuan Shi
Advisor:  AsPr Michael Forbes

Abstract:  We present a case study in which we solve the N-fractions puzzle using a Mixed Integer Pro-
gramming model. The N-fractions puzzle is problem 41 in CSPLib, a library of test problems for Constraint
Programming solvers. We first propose a model which is correct assuming exact arithmetic and show how
to modify the model to account for floating point rounding errors. We then reuse ideas from constraint
programming approaches to the puzzle and limit the lowest common multiple (LCM) of the denominators
in the solution. This massively reduces solution time and means we can finally close the remaining open
case to the puzzle. The apparent simplicity of the puzzle, the novelty of the modelling techniques used and
the speedups achieved through limiting the LCM make the puzzle an interesting teaching case.

M15. Deformations of QFTs for String Theory and Gravity
Candidate: Nicola Baglioni
Advisor:  Dr Gabriele TartaglinoMazzucchelli

Abstract:  We study deformations of two-dimensional quantum field theories that preserve integrability;
with particular emphasis on stress-tensor deformations such as the TT™ deformation. These theories re-
main remarkably tractable, with controlled deformations of their Lagrangians, spectra and S-matrices, and
admit connections to string theory and topological gravity. Using auxiliary fields, we construct a broader
class of such deformations and show that they can be interpreted geometrically through a coupling to a
Beltrami metric. This suggests a new family of solvable gravitational theories and motivates further work
on curved backgrounds, non-conformal seed theories, higher-dimensional origins, renormalizability and
holographicapplications.






