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A machine learning-based soft finite element method
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The Soft Finite Element Method (SoftFEM) has recently been introduced as a generalised
optimisation framework seamlessly combining two numerical methods: a partial differen-
tial equation solver (FEM) and a wrapper made of several stochastic heuristic optimisation
methods taken from soft computing, to provide a generalised optimisation framework for
engineering and physical problems [1]. SoftFEM uses Multiple Offspring Sampling (MOS)
[2] as the overarching framework used as a “black box”, in which continuous or discon-
tinuous problems can be considered by leveraging simultaneously optimisation techniques
for exploration and exploitation in the search for the optimum configurations, without
the need to know a priori which one of the two strategies is best fitted to the problem at
hand.

The use of a fitness function based on FEM calculations leads to considerable compu-
tational cost. To enhance the computational performance of SoftFEM in this work, we
further enrich SoftFEM with machine learning (ML) based surrogate models that approx-
imate the results of the actual FEM calculations, thus allowing the optimisation methods
to explore more areas of the search space without the need to run additional FEM simu-
lations beyond the learning phase.

The developed ML-accelerated SoftFEM is applied here to a series of engineering chal-
lenges, ranging from metamaterials to civil engineering.
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