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Monte Carlo simulations of real fluids

Johann Duffek, Chair for High Performance Computing (HSU/UniBw H)
Philipp Stroker, Chair of Thermodynamics (HSU/UniBw H)
Karsten Meier, Chair of Thermodynamics (HSU/UniBw H)

Abstract
Our research aims at the very accurate prediction of thermodynamic properties and

phase equilibria of noble gases, nitrogen, and carbon dioxide using sophisticated ab initio
potentials, which are derived from quantum-chemical calculations of the interaction
energies, by semi-classical Monte Carlo simulations. We include non-additive three-
body interactions and Feynman-Hibbs corrections for quantum effects, which yield
significant contributions to the macroscopic properties. The evaluation of the pairwise
interactions between molecules scales with N?, the evaluation of the non-additive three-
body interactions with N3, where N is the number of particles (typically N = 100...1500). A
typical simulation run with 500 particles for the noble gas argon requires about 40 days on
a 28-core compute node. Our aim of this project is to reduce the runtime of our software
by at least a factor of two.

Project Results

Initial tests lead the focus primarily onto core
routines (kernels) whose runtime contributions
overshadowed the concurrent routines and
their waiting times and indicated a low CPU
utilization after some subsequent refactoring
and profiling.

Some kernel calculations where partially
restructured to increase the utilization by
instruction pipelining decreasing the program
runtime by ~8%. Further efforts were made to
enforce vectorization of the kernels by routine
restructuring and blocking and by buffering
of compute relevant data for vectorized
processing. The sum of those efforts reduced
the program runtime of some test cases to

0 Figure 1: Performance improvements compared to
~50%. original source code version.

A short overview of the used tools and techniques has been provided during the project
finalization in order to allow for a knowledge transfer and further independent HPC aware
development.
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Outlook

Overall, the results of this project contribute to the development and improvement of
HPC software for Monte Carlo simulations of fluids in different statistical ensembles
using ab initio potentials. The significant reduction in runtime is key to a more widespread
application of accurate ab initio potentials in Monte Carlo simulations in the molecular
simulation community. Moreover, the restructuring of some code sections supports an
easier maintenance of the code and enables a simpler adaption of the code to simulations
of other fluids than those considered in this project. The developed optimization strategy
and lessons learned will be applied in future projects to simulate thermophysical
properties of more complex fluids than noble gases, i.e., fluids consisting of linear and
nonlinear molecules, and to investigate more complex physical phenomena such as
phase equilibria or surface tension. Further optimization of the code will be carried outin
the project consortium of the BMBF project 3xa.
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