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The purpose of this study is to create a system of multilevel mathematical
models to elucidate the mechanism of self-organization of bacterial population morphology. As a
result, we were able to construct two types of multi-level modeling methods. The first is a hybrid
mathematical model in which cells are individual cells in the form of spheres or capsules
(spherocylinders) and other environmental variables are fields described by continuous functions in
space and time. This model has a large number of degrees of freedom, and therefore, for many
research subjects, it is desirable to simplify the mathematical model. Therefore, we constructed
another modeling method, a multi-phase model based on self-density signals. This model is simpler
than the first one and thus allows for mathematical analyses, which is also useful to elucidate the
bifurcation structures of the colony morphology.
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