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ABSTRACT 

In this contribution we highlight key modeling, numerical solution, and parallel implementation 
aspects of Chrono [1], a multi-physics simulation framework used to investigate fluid-solid 
interaction problems and the dynamics of large systems of rigid and/or flexible bodies. 

Chrono has a modular structure built on top of five foundation elements that provide support for (1) 
modeling; (2) numerical solution; (3) proximity computation and contact detection; (4) domain 
decomposition and inter-domain communication; and (5) pre- and post-processing. The modeling 
component provides support for the automatic generation of large and complex sets of equations for 
different classes of applications. The numerical solution component provides the algorithmic support 
required to solve the set of equations governing the dynamics of interest. For discrete problems, the 
proximity computation and contact detection component handles contact detection tasks, while for 
CFD problems handled in a meshless and Lagrangian framework, it produces the list of neighboring 
markers contained within the compact support associated with each marker of the discretization. The 
domain decomposition and inter-domain communication component manage the splitting of large 
problems into subdomains and provides support for the required inter-process communication to 
facilitate distributed parallel computing using MPI. Finally, the pre/post-processing component 
supports the task of setting up a model using the Chrono API and provides support for efficient 
visualization of simulation results from problems involving millions of states resolved at frequencies 
of hundreds of Hertz. 

Chrono provides support for several different types of physics, namely rigid body simulation, fluid 
simulation and the simulation of flexible objects. Depending on the underlying physics, various 
parallel solvers are employed. For rigid body dynamics problems with contact and friction, 
optimization problems arising from the DVI approach require fast iterative or direct solvers. When 
solving nonlinear problems arising in the context of rigid and/or flexible body dynamics, Chrono 
relies on implicit integration and Newton-Krylov solvers for the solution of the discretized equations 
of motion. For fluid dynamics, Chrono uses SPH approaches and relies on explicit integration 
formulas. 

Chrono leverages heterogeneous parallel computing architectures to accelerate the simulation of 
large systems by drawing on GPUs, using OpenCL and CUDA; multi-core CPU processors, using 
OpenMP; and distributed memory architectures, using MPI. Optimizing Chrono to run on different 
parallel accelerators presents its own challenges when dealing with vectorization, low level caching, 
use of shared memory, etc. Results from a series of benchmarks will highlight how the choice of 
software libraries and hardware platforms influences the execution speed in several of Chrono’s 
computational bottlenecks. 
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