Scientific report on the CPMD 2019 Meeting
Pushing the Boundaries of Molecular Dynamics
CECAM-HQ-EPFL, Lausanne, Switzerland
July 22, 2019 – July 24, 2019

CPMD meetings have a tradition stretching back two decades in bringing together a diverse mix of
computational scientists working on different aspects of molecular dynamics simulations, combining
aspects of electronic structure theory and statistical sampling methods, as well as state-of-the-art
applications ranging from materials science to biophysics.
This edition of the meeting – which marked the 20th anniversary of the first CPMD meeting at
Ringberg Castle (Munich) – focused on identifying the most pressing challenges in the field, and on
discussing the most promising directions to face such challenges. Given the growing relevance of
machine-learning methods in the field of atomic-scale modelling, the topic was given a particular
focus, informed the choice of the speakers and the organization of the program.
A total of 24 speakers presented oral contributions, while 46 participants presented a poster. The
meeting was attended by a total of 95 participants (including organizers and speakers) from 19
countries. Full details of the program can be found on https://www.cecam.org/workshop1738/ and
on https://sites.google.com/view/cpmd-2019/home.
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Scientific scope
The meeting has seen a broad overview of the state of the art in atomic-scale modelling of materials
and molecules. While machine learning has been a recurring theme, it has been presented not as an
end in itself, but considered in the broader context of the challenges faced by molecular dynamics
simulations. Three distinct perspectives emerged:
1. Pushing the boundaries for electronic structure methods in ab initio molecular dynamics.
With the advent of machine-learning potentials, it becomes even more crucial to provide
very accurate reference values, that can be used not only for direct sampling, but also to
train surrogate quantum models. During the meeting we saw several examples of
simulations that use beyond-DFT methods, and high-performance computing optimization
to enable more accurate and/or lower-cost electronic structure calculations to be used in
AIMD simulations.
2. Data-based science and machine learning. Speakers presented several new developments in
the application of data-driven techniques to atomistic modelling. These developments are
changing the landscape of molecular modelling — for instance through the development of
machine-learning potentials, the design of optimal descriptors to predict material properties,
and the automatic determination of order parameters for sampling
3. Pushing the boundaries for sampling, and long time-scale modelling. Several approaches
were presented to compute more accurate free-energies for both stable phases, reactive
events, and conformational changes in proteins, including effective thermostatting schemes,
replica exchange methods, nested sampling, and biased sampling algorithms.
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