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Understanding of the mechanism of pattern formation with reaction-diffusion systems:
Reaction-diffusion systems play an important role in studying the mechanism of pattern
formations in biological phenomena. To understand its mechanism, I work at so-called
an activator-inhibitor system and consider the effect of parameters on the behavior of
solutions and on the shape of spatial patterns generated by the system.

Numerical analysis: Numerical simulations help us to understand the dynamics of
reaction-diffusion systems. I also study the dynamics of a discrete model which is used
in numerical simulations. Understanding the dynamics of discrete model, I want to
explain the difference between discrete models and original reaction-diffusion systems.
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Designing low-congestion sparse networks: To restore a
road network (modeled by a graph) after a disaster, we
need a fast algorithm for constructing a sparse
subnetwork (i.e. a spanning tree) of the original network.
We are studying such algorithms that minimize the
congestion of the constructed subnetwork.

Graphs with good properties: Many natural problems on
graphs (including the one above) are known to be hard in
general. However, for many natural problems, their
inputs have some restrictions in practice (e.g. planarity).
We are trying to determine which restrictions make hard
problems easy.
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Statistical Physics of Complex Networked Systems: Phase Transitions on Complex
Networks and Nonamenable Graphs. Complex networks have been actively studied in
recent years. Lattice models (such as percolation, spatial stochastic models, spin
models) on complex networks exhibit considerably different behaviors from regular
lattice systems. In this project, I will analyze the phase transitions on complex networks

and nonamenable
graphs, and clarify
the relation between
network topology
and dynamics.
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Application of information geometry to data analysis in fields such as neuroscience:
Conventional methods for stationary data analysis cannot be applied successfully to
non-stationary time series, such as dynamical brain activities. I am developing a
mathematical method for extracting invariant information from non-stationary data by
using geometric "projections". I hope to collaborate with experts in various areas to
illuminate new perspectives and to discover previously-undetectable parameters.
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