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The Complete Set of Efficient and Precise Simulation
Methods for Langevin and Molecular Dynamics
Abstract: One of the most basic computational struggles in computational science of dynamical
systems is how to appropriately balance the desire for simulation accuracy, obtained in the small
time step limit, with simulation efficiency, obtained for large time steps. Thus, understanding the
influence of discrete-time on the behavior of equations of motion is crucial for the understanding
and optimization of numerical simulations in physical science and engineering. We argue that for
many applications the core of the problem is not that discrete-time errors are enhanced as the time
step is increased, but instead that the errors are inconsistently affecting spatial and kinetic degrees of
freedom. From this observation we developed a new, yet famil-
iarly looking, complete set of Langevin simulation methods that
yield exact thermodynamics for both configurational and kinetic
sampling for any stable time step. In light of representative ex-
amples, we discuss the applicability and convenience of these
methods, and conclude that these are the optimal methods for
Langevin simulations of the thermodynamics.
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