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Abstract: In this talk, a domain-dependent mathematical analysis of reaction-diffusion sys-
tems is presented to understand the role of geometry and cross-diffusion in pattern for-
mation. Linear stability analysis is employed to derive the constraints which are necessary
in understanding the dual roles of linear cross-diffusion and domain-size for studying the
instability of a reaction-diffusion system. Theorems are stated for the conditions for Turing,
Hopf and transcritical instabilities and are proven in terms of lower and upper bounds of
the domain-size together with the reaction, self- and cross-diffusion coefficients. These
bounds allow for the full parameter classification of the model system, which is presented in
terms of the relationship between the domain size, self and cross-diffusion parameters. Re-
gions showing Turing instability, Hopf and transcritical types of bifurcations are demon-
strated using the parameter values of the system. To support theoretical findings, a state-of-
the-art finite element method is employed. The finite element method is a numerical method
that solves highly nonlinear systems of partial differential equations on complex geome-
tries. The finite element numerical solutions reveal spatial and spatiotemporal patterns on
rectangular, circular, and annular geometries, with no flux boundary conditions. Observed
patterns on non-convex geometries, for example, resemble ring-shaped cross-sectional
scans of hypoxic tumours. Specifically, the cross-section of an actively invasive region in a
hypoxic tumour can be effectively approximated by an annulus.
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Biography:

Giilsemay Yigit received a Bachelor's degree in Mathematics from Eskisehir Osmangazi
University, Tiirkiye, in 2010. In 2012, she obtained a Master's degree in Mathematical Engi-
neering from Yildiz Technical University, Tiirkiye, followed by a PhD in Mathematical Engi-
neering from Yildiz Technical University, Tiirkiye in 2019. She is currently working as an
Assistant Professor in Mathematics in Bahcesehir University. Her research lies at the inter-
sectional interfaces between computational biology, numerical analysis and analysis of par-
tial differential equations (PDEs). One of the fields of her research interest is to explore effi-
cient algorithms for solving PDEs in the areas of applied mathematics. Her goal is to use these
numerical methods to simulate and study complex natural systems, focusing on understand-
ing the underlying physical principles that govern these systems. She conducts research on
exploring the spatiotemporal analysis to study pattern formation in cross-diffusive reaction-
diffusion systems on two dimensional geometries explaining the ability of mathematical
models to describe and predict the behaviour of pattern formation as observed in nature.
More recently, her research interests include mathematical modelling of single and collective
cell migration. This research seeks to unravel how single cells, as fully three-dimensional ge-
ometric entities navigate through their complex and generally non-isotropic native environ-
ments. What are the mechanisms associated with single cell migration and what is their de-
cision process as they navigate through complex and stiff environments? She seeks to answer
some of these questions as part of her postdoctoral research funded by the International Post-
doctoral Research Fellowship Program, awarded by The Scientific and Technological Re-
search Council of Tiirkiye (TUBITAK).
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