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Abstract

Significant progress has been made in the development of neural networks (NNs) for
the constitutive modeling of (anisotropic) hyperelastic solids, with wide-ranging applications
ranging from biomechanics to soft robotics. Some examples of these include constitutive
artificial neural networks (CANNs) (1), input convex neural networks (ICNNs) (2, 3), and
neural ordinary differential equations (NODEs) (4). These neural networks based consti-
tutive models (NNCMs) are far more flexible than traditional constitutive models whilst
maintaining important attributes such as objectivity, material symmetry, and polyconvexity.
The ultimate goal of these constitutive models is to be deployed in a scalable finite element
method (FEM) framework for analyzing large-scale mechanical boundary value problems.

We, however, demonstrate that the integration of NNCMs in a conventional FEM frame-
work destroys their respective compute scalability due to mismatch in how NNCMs and
FEM capitalize on hardware parallelization. To address this, we reimagine a scalable FEM
architecture that takes synergistic advantage of the single instruction multiple data archi-
tecture of NN frameworks to maintain computational performance despite the additional
floating-point operations that NNCMs introduce relative to traditional constitutive models.
We demonstrate efficient compute-scaling of the framework with increasing size and com-
plexity of mechanical boundary value problems. The architecture is realized in C++ using
the deal.II finite element library (5) and torch deep learning library (6) and featuring dis-
tributed memory parallelism. With the launch of an open-source codebase of the algorithm,
we invite the solid mechanics community to adopt our code, and finally start harnessing the
power of NNCMS in their research and work.
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