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Solving partial differential equations (PDE) is an indispensable part of many branches of natural science.
The analysis of experimental data by numerical simulation typically requires costly optimisation or grid-scan
which is very costly. Machine Learning based surrogate models denote promising ways for fast approxima-
tion of these simulations by learning complex mapping from parameters to solution. However, recent surro-
gate models require a considerable amount of training data derived from full simulation runs, introducing a
high storage demand as well as computational complexity especially if high-dimensional high-fidelity simu-
lations are considered. Physics-informed neural networks denote a mesh-free approach which rely only on
data for initial/boundary conditions. However, the most recent implementations of PINNs are not suited for
high-fidelity problems because there is no multi-gpu implementation available making them intractable for
scientific applications at FWK. We, the Helmholtz AI YIG at FWK, developed a library called Neural Solvers
enabling large-scale distributed training of Physics-informed Neural Networks. We primarily aim at solving
forward and inverse problems in Laser- as well as Plasma Physics such as 3D laser propagation for advanced
understanding of Laser-plasma accelerators with very low storage footprint while retaining physical correct-
ness of the trained surrogate model. The framework is ready for cross-disciplinary applications such as atom
physics for simulation and inversion of density functional theory, geophysical inversion of acoustic wave
equation, as well as inversion of 2d heat equation based on experimental neuroimaging data. Our experi-
ments have shown that Neural Solvers can reach the accuracy of recent numerical methods while introducing
excellent speedup up to at least 180 NVIDIA V100 GPUs making them ready for upcoming exascale systems.
In the future, we will be researching parameterized PINNs to learn the solution of a set of simulations concur-
rently while transfer learning will be used to transfer knowledge from data of lower fidelity to high-fidelity
problems.

Physical Presentation
I am not so sure at this point if I would present physically.
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