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Molecular Monte Carlo Simulations on GPUs
Philipp Marienhagen, Thermodynamics (HSU/UniBw H)

Johann Duffek, High Performance Computing (HSU/UniBw H)

 
Abstract
Recently, it has become possible to combine accurate ab initio potentials with Monte 
Carlo simulations, which allows the theoretical prediction of thermodynamic properties of 
fluids with an accuracy challenging the most accurate experimental results. This requires 
the use of a combination of pair and nonadditive three-body potentials with additional 
corrections for quantum effects to describe the intermolecular interactions. The three-
body algorithms scale with the order of N³ instead of standard simulations which only 
consider pair potentials (order N²) limiting the number of particles in the investigated 
system. Monte Carlo simulations typically utilize HPC because of the large computational 
resources required, i.e., long simulation runs, and their good suitability for parallelization. 
Here the numerically expensive ab initio potentials increase the computational effort 
significantly due to their complicated functional forms. This project aims at examining 
the viability of the use of accelerators for our computations using scalable algorithms for 
the calculation of three-body potentials

Project Results
We restructured the provided Fortran code with the usage of GPUs in mind. A key part was 
the separation of the potential calculation from the particle management routines.
The second step encased the investigation of viable mechanisms for the GPU porting with 
a minimal impact on the code and its usability with CPU only environments. We choose 
CUDA-Fortran over OpenMP-offloading and OpenACC due to its better control and inbuilt 
support of Fortran intrinsics – enabling a port to GPU aware code with minimal changes 
and in comparison, better performance.

The use of the GPUs led to a significant speed-up to the – sequential – program version. This 
demonstrates the viability of accelerators as probable computing platforms. Additional 
investigations showed further optimization potential which implies that the new code is 
a viable alternative to a multi core and/or multi node parallelized version of this program. 

The changed code, findings, and approaches were communicated with the project 
finalization.
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Outlook
The results of the project demonstrate that offloading the main parts of the code is a viable 
option. The analysis of the implementation, however, showed that a significant overhead 
for memory transfers between host and device currently impact the performance. In a 
next step, further parts of the code could also be transferred to the device to increase 
the efficiency. We presume that this would enable the investigation of system sizes in the 
range of about 2000 particles. This would allow the accurate prediction of thermodynamic 
properties for state points in the critical region and at high densities in the liquid phase, 
where pronounced finite size effects currently limit a highly accurate investigation.


