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Current and future applications of rigid body dynamics involve an ever growing number of particles. Example
applications are in the pharmaceutical industries, chemical industries or additive manufacturing. Simulations of
billions of particles can only be performed by using specialized software. This software must use today’s largest
supercomputers efficiently. In these highly parallel environments special attention must be paid to the load balance
between the processes. Since the overall performance is dependent on the slowest process overloaded processes
will lead to a decrease of the performance. Typically rigid body dynamics algorithms are parallelized by partition-
ing the domain spatially into subdomains. These are subsequently assigned to processes. Each process evolves the
particles contained in its subdomain(s) in time. The domain partitioning must be chosen carefully. The workload
associated with each subdomain is related to the number of contacts within. Deciding on the domain partitioning
at the beginning of a simulation and using it throughout the whole simulation works well for homogeneous setups
where the particle density does not fluctuate much. But typical rigid body dynamics simulations involve a huge
number of moving particles. This may change the workload of the subdomains constantly throughout the simula-
tion. Therefore a static domain partitioning that achieved a good load balance at the beginning of the simulation
might not be appropriate later on. To guarantee good performance over the whole simulation the software frame-
work needs to dynamically rebalance the workload. It has to update its domain partitioning and redistribute it at
regular intervals. This allows to avoid unbalanced workloads.

We present the load balancing strategies implemented in the waLBerla multi-physics framework. The domain
partitioning of the framework is based on a distributed forest of octrees. We discuss benefits and drawbacks of this
domain partitioning for load balancing and large scale simulations. Measurements with different load balancing
algorithms for various scenarios are analyzed to evaluate the overall performance.


