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Abstract 
The usefulness of atomistic simulations is generally hampered by the presence of several metastable 
states separated by high barriers leading to kinetic bottlenecks. Transitions between metastable states 
thus occur on much longer time scales than one can simulate in practice. Numerous enhanced sampling 
methods have been introduced to alleviate this time scale problem, including methods based on identi-
fying a few crucial order parameters (generally called collective variables) and enhancing their sampling 
through the introduction of an external biasing potential [1].  
 
Variationally Enhanced Sampling [2,3] is one such enhanced sampling method that is based on a vari-
ational principle where an external bias potential is constructed by minimizing a convex functional. The 
method is generally applicable where one can define good collective variables and allows for obtaining 
both free energy landscapes and kinetics of rare events. Variationally Enhanced Sampling is imple-
mented in the VES code [4], which is an open-source library for the PLUMED 2 plugin, allowing usage 
of the method in a wide range of molecular dynamics codes.  
 
In this talk I will review the theory behind Variationally Enhanced Sampling, and present numerous ex-
amples from physics and chemistry which show the flexibility and practicality of the method. I will then 
present various new developments and applications of the method. This includes for example wavelet-
based bias potentials, and an extension for biasing permutationally invariant local collective variables.  
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