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Large-scale Topology Optimization on a desktop using the GPU
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Topology optimization is a rapidly maturing form of design optimization which already
has shown great results in many practical applications. In most industrial applications
of topology optimization solving large-scale problems is necessary, as the feature size of
the optimized designs is directly tied to the computational effort required. An approach
to solve these large-scale problems is the use of HPC clusters [1]. While HPC clusters
enable the solution of large-scale problems, there is a large financial cost associated with
using HPC systems, which can make topology optimization prohibitively expensive for
some would-be practitioners in both industry and academia.

This presentation will discuss the efficient implementation of topology optimization for
desktop systems. Enabling the solution of large-scale topology optimization problems on
such systems is of high interest, as even high-end desktop solutions are an order of magni-
tude cheaper to acquire and operate than HPC systems. Three separate implementations
of linear elastic topology optimization are presented; a distributed memory implementa-
tion based on MPI, a shared memory CPU implementation using OpenMP, and a single
GPU implementation using Futhark [2]. All implementations use a geometric multigrid
preconditioner, and are able to solve large-scale topology optimization problems of 30
million elements within a reasonable time-frame (less than 24 hours).

The distributed memory implementation is furthermore able to solve unstructured prob-
lems which typically arise in industrial settings, shown by an example of a flywheel used
in a direct-drive wind turbine, which makes this implementation a suitable reference for
the single desktop implementations. These three implementations are used as a basis for
discussing the possibilities and limitations of performing large-scale topology optimization
on a desktop machine.
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