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Large scale particle simulations like Molecular Dynamics can nowadays contain many million 
or even billion particles and are executed on thousands of processors in parallel. For such 
large systems it is important to develop scalable algorithms for parallel computer architectures 
that distribute the computational work well among the available processors to limit the 
simulation runtime. The typical parallelization strategies are domain-decomposition schemes, 
where the simulation volume is subdivided into equally sized domains, each handled by one 
processor. 
However in case of large-scale simulations, inhomogeneous particle distributions, and thus 
the computational load, are becoming more and more common, e.g. due to complex sample 
geometries in mechanical tests or in coating simulations by a solid-vapor interfaces. In such 
cases, regular domain decomposition schemes may cause serious performance bottlenecks. 
 
In the first part of this talk, adaptive load-balancing schemes are discussed including a new 
approach which has recently been implemented into the IMD code. If features non-
orthogonally shaped domains that are able to balance highly inhomogeneous and constantly 
changing particle distributions. Most importantly, it is build on top of existing data-structures 
and the communication scheme within IMD, requiring no modifications in the force 
computation routines. 
 
In the second part of this talk another issue of large scale simulations is addressed. 
As the number of particles in a simulation increases, classical post-processing of data, where 
the full atomic information is stored for later analysis is becoming more and more infeasible. 
Reducing the data by on-the-fly analysis algorithms during the simulation is one way to 
address this problem. However, to retrieve complex data it is required to develop algorithms 
specifically tailored for the studied problem. As an example, it will be discussed how 
dislocations in crystalline solids can be detected and classified in a parallel simulation, 
bridging the gap between an atomistic simulation and a continuum modeling of deformation 
processes. 
 
 
 
 
 


