The Silicon Cell

Mathematical / computational challenges

Modelling / Analysis

- control anolysus (networks cell cycle models)
- model reduction into functional modules (modular control analysis,
combinatorial optimization, choice of metric definition)
- modelling dynamic structures
- DNA supercoiling
- aggregates
(protein, chromatin)
- membranes
(growing cell, cell division)

Spatial Effects in Chemical Pathways
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Continuum hypothesis (# molecules: O(10000))
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Numerics
- time infegration aspects
- stiff ODE/DDE solvers
- split-methods
- data sensitivity
parameter estimation
- spatial aspects
- (stochastic) PDEs on adaptive
grids with dynamically changing
boundaries/interfaces
- particle-based methods
- coupling of the above
- dynamical systems

- model reduction
Membrane simulation
DNA
Membrane: phospholipid WGW
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Energy minimization (see, e.g., Fraaije et al. 1997)

%Eg ; = N = 2 §§ ; u-;:‘uf-) i chamical polntils
RN I g r- h‘--—vynudn eachins
%333?3%5 5 e §L i —_—
Modelling spatial structures %é%gg g&%g . a&% gésg
S e 5éé2a3;%522&22;;;;%@3;;;;;zze&zss 332??5
1 ;{#-’w T
Visualization / Virtual Reality
Software
.(m:e:!: i fuid) uﬂr-?c-u;&u ¥ Iarge Scale Compthﬁons Chromatin decondensation and essential protein dynamics in virtual reality
S e - coupling PDE-based and A e st

particle-based codes
- systematic data access
- model validation / calibration
- reduction into functional modules
(algorithmic + human steering)
- software management
- visualization / Vlrtual R
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