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1. We consider new numerical methods for second-order-in-time stochastic differential equations 

that accurately reproduce the stationary distribution for all values of damping.  A complete analysis 

is possible for linear second-order equations. The "reverse leapfrog" method has remarkably good 

properties in the postion variable. The analysis permits the construction of new family of explicit 

partitioned Runge-Kutta methods. (Joint work with Kevin Burrage). 

 

2. Numerical solutions of stochastic differential equations can be carried out using successive time 

increments that are independent random variables with a symmetric exponential distribution. Such 

''exponential'' timestepping algorithms are efficient for escape-time problems because a simple 

boundary test can be performed at the end of each step. (Joint work with Kalvis Jansons). 

 

3. Kinks are localised coherent structures are a striking feature of noisy, nonlinear, spatially-

extended systems in one space dimension with local bistability.  At late times, a steady-state density 

is dynamically maintained: kinks are nucleated in pairs, diffuse and annihilate on collision. Long-

term averages can be calculated using the transfer-integral method, developed in the 1970s, giving 

exact results that can be compared with large-scale numerical solutions of the SPDE. (Joint work 

with Salman Habib). 

 

4.  Stochastic models of immune system dynamics, describing millions of cells that interact with 

each other and with their environment, are more realistic than deterministic ones. Fortunately, 

stochastic models are also practical because analytical and numerical methods, and open-source 

software, are available.  In the simplest approximation, where each type of cell independently 

follows the same rule at any time, the population of cells can be described by a continuous-time 

branching process. The possible cell fates: death, division and differentiation, are described by 

probabilities per unit time, or rates. (Joint work with Carmen Molina-Paris). 
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