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Topic
Investigation of vector neuron
Announcement networks as effective physical

Master Thesis invariance embeddings in ML-
PDE methods.

Team ) Work Packages
Numerical Methods « WP1 : Investigation of vector neuron MLPs
* WP2 : Performance/cost comparison with graph
nets

» WP3 (time-permitting) : combining vector neurons
with graph-nets

Prerequisites:
« Strong background in fluid-dynamics
» Strong background in calculus and PDE theory
 Cursory knowledge of basic machine learning
e multi-layer perceptrons
« gradient descent algorithms
» Strong background in programming
e Python (required)
« tensorflow/other ML libraries (good to have,
not a deal-breaker)

Machine learning based PDE methods have garnered a lot of attention in recent years,
primarily owing to their promise of offering faster and more generalizable solutions. Graph nets
are specialized neural networks that can embed rotational and other invariances inherent to
physical systems such as the Navier-Stokes equations into the neural net architecture. This is
desirable since having these physical constraints be a part of your method invalidates the need
to enforce them superficially. Vector neurons are another option of doing the same, with
reduced complexity but also reduced flexibility. This project would investigate the
performance/training of vector neuron MLPs in comparison to graph nets, and time permitting
also work towards incorporating vector neurons in graph nets themselves.

Advisors: Msc. R. Kaushik, Dr.-Ing. A. Schwarz, Prof. A. Beck
* Starting Date: as soon as possible
* Auf das “Merkblatt fiir die Anfertigung von Bachelor- und Masterarbeiten”

wird hingewiesen.
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