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Determination of Calculation Procedure for Ordinary Differential Equations
of Cell Models using Graph Theoretical Structural Analysis

TAKAO SHIMAYOSHI, AKIRA AMANO* and TETSUYA MATSUDA

The numerical simulation of whole cell models is important to understand cellular mechanisms. However,
implementaion of simulation codes of whole cell models, which can include nonlinear equations, formulated
as ordinary differential equations demands high effort. This research intends to enable automatic numerical
calculation of initial-value problems of explicit method of whole cell models. For this purpose, using a
graph theoretical method to analyze the structure of equation systems, a method to set boundary conditions
with analysis of structural solvability, and a method to reduce numerical calculation cost by transforming of

equations are introduced.
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<?xml version="1.0" encoding="iso-8859-1"7>

<model name="sample" cmeta:id="sample" xmlns="http://www.cell \
ml.org/cellml/1.0#" xmlns:cellml="http://www.cellml.org/cellm \
1/1.0#" xmlns:cmeta="http://www.cellml.org/metadata/1.0#">

<!-- Definition of a component-->
<component name="sodium_channel">

<!-- Definition of variables -->

<variable name="i_Na" public_interface="out" units="micro \
A_per_cm2" />

<variable name="g_Na" initial_value="120.0" units="milliS \
_per_cm2" />

<variable name="E_Na" units="millivolt" />

<variable name="time" public_interface="in" private_inter \
face="out" units="millisecond" />

<variable name="V" public_interface="in" private_interfac \
e="out" units="millivolt" />

<variable name="E_R" public_interface="in" units="millivo \
" />

<!-- Definition of mathematical equations -->
<math xmlns="http://www.w3.org/1998/Math/MathML">
<apply><eq />
<ci> E_Na </ci>
<apply><plus />
<ci> E_R </ci>
<cn cellml:units="millivolt"> 115.0 </cn>
</apply>
</apply>

<apply><eq />
</é§§1y>
</math>
</component>
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