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We will discuss B—series for the solution of a stochastic differential equation of the
form

M
dX(t) = <AX(t) + go(X(t))>dt + Z gm (X (1)) xdW,, (), X (0) = o,
m=1
for which the exact solution can be written as
t M t
X(t) = ey + / ™40y (X (s))ds + Y / e=94g (X (s)) % AWy (s).
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Based on this, we will derive an order theory for exponential integrators for such
problems. We will then discuss how the order theory for exponential integrators
derived can be simplified and adjusted to a semilinear SDE with time-dependent
additive noise, and present a mean square order 1.5 method based on these condi-
tions. The method has been applied to a semi-discretized diffusion-reaction PDE
with bounday noise, and some implementation issues will be discussed.

References

[1] S. ANMARKRUD, K. DEBRABANT, AND A. KVERN®, General order condi-
tions for stochastic partitioned Runge-Kutta methods, BIT, 58 (2018), pp. 257—
280.

[2] A. A. ARARA, K. DEBRABANT, AND A. KVERN®, Stochastic B-series and
order conditions for exponential integrators, in Numerical Mathematics and
Advanced Applications, vol. 126 of Lecture Notes in Computational Science
and Engineering, Springer, 2019, pp. 419-427.



[3] ——. B-series for SDEs with application to exponential integrators for non-
autonomous semi-linear problems, J. Comput. Dyn., 11 (2024), pp. 533-546.

[4] K. DEBRABANT AND A. KVERN@, B-series analysis of stochastic Runge-
Kutta methods that use an iterative scheme to compute their internal stage
values, SIAM J. Numer. Anal., 47 (2008/09), pp. 181-203.



