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Abstract
In order to study the interplay between 3D neuronal architecture and electrical and biochemical signaling it is
necessary to develop detailed mathematical models, based on physical first principles, that integrate accurate re-
constructions of neuronal and organelle morphology. The computational workflow therefore begins with methods
to reconstruct neuronal and organelle morphology in three space dimensions. From such reconstructions surfa-
ce and volume grids are generated to define the computational domain on which systems of partial di�erential
equations (PDE) (the model) are solved numerically. Discretization of the PDE leads to, typically, very large linear
systems that need to be solved e�ciently. Highly parallel and e�cient numerical solvers need to be developed for
the purpose of solving ultrastructural problems.
To address all aspects of the computational workflow from raw morphology data, e.g. in form of 3D confocal mi-
croscopy data, to detailed 3D simulation results, we present reconstruction methods and numerical solvers that
were specifically developed for dealing with neuronal signaling in an e�cient way.
The presented methods are used in the context of neuronal calcium signaling at the level of single organelles, to
ultrastructural domains (e.g. synaptic spines) to whole cell and network dynamics. Results demonstrate various
aspects of structure-function interplay in neurons that demonstrate the ability of neurons to structurally adapt to
fine-tuned biochemical function.
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