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ABSTRACT

The numerical simulation of large-scale systems on modern computers presents a

challenge due to both lengthy processing time and finite memory capacity. This

motivates the development of efficient methods and models that reduce the scale

of computations without losing too much accuracy in the numerical solutions. The

field of Wave Turbulence (WT), which studies weakly nonlinear interactions in wave

systems, is particularly in need of such methods because the commonly studied sys-

tems have a large separation in the relevant time scales and spatial scales. Because

of this, one typically needs to resort to simulating a small subdomain of interest

in a large WT system due to an inability to directly simulate the full system. A

simple, commonly used approach to simulate the subdomain is to introduce periodic

boundary conditions (PBC), but these artificial boundary conditions can reduce the

accuracy of the simulation.

In this thesis, we present an efficient and accurate method for simulating a

subdomain of a large WT system which models the influence of the external domain

as a stochastic forcing. Through both analysis and numerical simulations, we show

that this method is capable of generating accurate statistics of the subdomain when

it is in the thermalized state. We also discuss how the method may be generalized

to handle arbitrary non-equilibrium states, and we numerically demonstrate the

accuracy of the method in this context. Our findings show that our stochastic

method produces simulation data which is far more accurate than what one would

obtain by using PBC.
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