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Figure 3: (A) Geometry and mesh modeling of an E. Coli cell. (B) Temporal average
concentration of MinD protein as a function of position along the long axis of the E. Coli
cell (top), and the time series plot of the oscillations. (C) Six E. Coli cells of increasing
lengths, as specified in the parameter sweep described in Table 1. The color intensity shows
the temporal average concentration of MinD protein along the membrane. (D) Parameter
sweep shows how the relative concentration of MinD changes as the bacterium grows.
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the temporal average concentration of MinD protein along the membrane. (D) Parameter
sweep shows how the relative concentration of MinD changes as the bacterium grows.
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concentration of MinD protein as a function of position along the long axis of the E. Coli
cell (top), and the time series plot of the oscillations. (C) Six E. Coli cells of increasing
lengths, as specified in the parameter sweep described in Table 1. The color intensity shows
the temporal average concentration of MinD protein along the membrane. (D) Parameter
sweep shows how the relative concentration of MinD changes as the bacterium grows.

in the system. E↵ectively, as the mesh becomes finer a larger and larger percentage of the
simulation events will be di↵usion jumps. A similar phenomenon, stochastic sti↵ness, often
occurs in simulations of well-stirred models and has led to extensive methods development
[6, 7, 42, 53]. The DFSP algorithm is an approximate spatial stochastic simulation algorithm
which aggregates a large number of di↵usive transfers over a time-step. It does this by cal-
culating the probability distribution of a molecule starting in a given voxel after some fixed
time-step ⌧D, and then samples from this distribution to redistribute the molecules. DFSP
can in this way give great enhancements in simulation speed at the cost of approximation
errors which can be controlled (see [9] for a more extensive analysis).

Integration of a new solver into the URDME framework is designed to be a simple
process, with the largest fraction of the required new code being specific to the underlying
solver algorithm. URDME solvers have three main components: the solver source code,
a Makefile, and an optional pre-execution script. The Makefile creates a standalone Unix
executable from the source code. The DFSP solver uses a pre-execution script in Matlab
to calculate data specific to the algorithm. This data is then added to the input file that
URDME creates upon execution of the solver. Table 2 describes the files that are part of
the DFSP solver.
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