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Task 1 (Schlögl model1)

We will focus on an autocatalytic, trimolecular reaction scheme, �rst proposed by Schlögl

(1972),
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with propensities (stochastic reaction rates)

α1 = k1x2x1(x1 − 1)/2, α2 = k2x1(x1 − 1)(x1 − 2)/6, α3 = k3x1, α4 = k − 4x3,

and parameter values k1 = 3, k2 = 0.6, k3 = 0.25 and k4 = 2.95. Assume x2 and x3 are

held at constant concentrations a and b, respectively, which are now parameters of the

system, and let x be the concentration of x1. The system is assumed to be homogeneous

in space, and the volume of the system will be denoted as V .

(a) Derive the RREs. Characterize the steady states of the system and identify the

region of bistability in the a-b-plane.

(b) Derive the CME with birth and death rates depending on the ODE parameters and

compute its steady-state distribution.

(c) Under bistable conditions, the stochastic and deterministic models yield di�erent

predictions. In the deterministic model, the system will tend towards one of the two

stable �xed points, depending on the initial condition. The stochastic model also

predicts that the system will quickly relax towards one stable point, but randomly

switch between the two attractor regions on a time scale related to the system size.

Illustrate this behavior with corresponding simulation runs.

(d) Fix a = 1 and plot the steady state in the CME model as b changes (with V = 1)
or V changes (with b = 2). You should observe that the two peaks exchange their

relative heights. The volume size is a critical part of this bifurcation: the value of

a or b at which the peaks have equal height depends on the volume size. Thus, this

change cannot be observed through studying the ODE model.


