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"Mapped averaging" is a recently published scheme that provides alternative, rigorous expressions for the ensemble
averages that underlie molecular simulation. The approach introduces knowledge from approximate theories while
relying on the molecular simulation to measure the deviation from the theory. The scheme also exploits the
knowledge of the forces and the Hessian of the potential. In this manner, calculation of the mapped averages by
molecular simulation can proceed without contamination by noise produced by behavior that has already been
captured exactly by the theory, thereby yielding results of unprecedented precision with minimal computational
effort. The approach can be applied in principle to any property that can be expressed as a derivative of the free
energy. It does not affect sampling, so it can be used for many properties in the same simulation. We describe our
recent advances in formulating and applying these methods, focusing in particular on two broad cases: (1) the free
energy, which can be obtained with great efficiency via thermodynamic integration of first-derivative properties;
and (2) second-derivative properties such as the dielectric constant, which are of great practical interest, but which
suffer particularly from stochastic uncertainty because their evaluation is based on averaging ensemble fluctuations
when performed using conventional methods.



