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Summary y 

Thiss thesis is a treatment on the simulation of growing nerve eells during the de-
velopmentt of' the nervous system. While there is a basic understanding of how the 
connectionn forming axons find their target neurons by means of chemotaxis, the un-
derlyingg precise mechanisms are far from clear. To complement the experimental 
researchh by the use1 of computational models, a framework for modelling these growth 
processess mathematical ly is presented, together with numerical methods for use in 
simulation.. A basic assumption is that it should be possible to set up a model and 
carryy out the simulations without extensive programming activity. 

Thee framework consists of a set of finite-dimensional vectors and a two-dimensional 
domainn with fields defined on it. The vectors are referred to as states, and can 
bee interpreted as objects that move through the domain. The fields are subject to 
diffusion,, absorption, and excretion processes, the latter being the result of highly 
localizedd source terms that are situated at the locations of the states. 

Ass a start an examination of a representative equation system is given. It serves 
too get acquainted with some specific features of' the systems at hand, in particular 
thee occurrence of a feature called self-interaction. When present, the use of point 
sourcess is prohibited and the resulting dynamics are very sensitive to the width of the 
sourcee supports. Also, the use of quasi steady-state approximations for fields with 
fastt diffusion may cause large changes in the dynamics. 

\ \\ hat follows is an exposition on the domains of models in the framework can 
bee specified. To make the definition of complex domains easy, the boundaries of the 
domainss are specified by means of Bézier paths. However, the numerical methods for 
solvingg the field equations work with boundaries that are specified as sets of points 
connectedd by straight lines. It is shown how point sets on the Bézier paths that 
representt the boundaries well can be selected, making use of the arc-length and the 
curvaturee of' the paths. 

Afterr that, the spatial discretization of the field equations is discussed. Two prop-
ertiess of the systems at hand are of importance. First, the sources for the diffusion 
equationss are made1 up of highly localized source terms of which the locations may 
changee over time. Second, the domains can be rather complex, making the use of 
regularr grids difficult . To address these two issues, an unstructured discretization 
iss presented in which the fields are discretized on the basis of arbitrary node sets. 
Thiss approach is flexible with respect to domain geometries and allows for easy re-
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fiiiementt and adaptation needed for the moving sources. It uses Voronoi diagrams for 
discretizingg the operators as well as for choosing the underlying set of nodes. 

Thee thesis continues with a description of the modelling framework. After an 
introductionn to its basic concepts the underlying mathematical model is presented. 
Bothh the field and state dynamics can occur in two forms that are referred to as dy-
namicc and static, respectively. Dynamic fields give rise to parabolic partial differential 
equationss (PDEs). while static fields produce elliptic PDEs. Likewise, dynamic states 
givee ordinary differential equations (ODEs) and static states give algebraic equations. 
Inn total, the model can be a system of coupled parabolic PDEs. elliptic PDEs, ODEs. 
andd algebraic equations. 

AA description is given of different regimes that are based on the combination of 
typess of equations that make up the models. As a result, these regimes are connected 
too the numerical methods needed for the simulations. Included is a presentation of 
examplee models that show how the framework can be used to test different mech-
anisms.. As the focus lies on the modelling aspect, the discussed models all fall in 
aa regime for which the simplest set of numerical methods is needed. Those models 
merelyy encompass static fields that are in their steady-states. 

Thee final chapter concerns the simulation of models in which all types of equations 
aree present. It discusses the numerical methods used by AGTools; a set of Matlab 
scriptss written especially for use with the framework. Its most important characteris-
ticss are the use of a Runge-Kutta IMEX-method for time integration and the earlier 
presentedd spatial discretization technique based on Voronoi diagrams. In addition, 
thee use of a standard finite element package is considered, where the package Kardos 
wass taken as a representative. It is examined how Kardos can be used for the simula-
tionn of the framework models. In particular, the use of Rosenbrock time integration 
forr the models is discussed. For three example models the use of AGTools and the 
usee of Kardos are compared. 


