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Zusammenfassung:

Graph Neural Networks (GNNs) are a fundamental deep learning model for graph-structured data,
with applications ranging from social networks to molecular modelling. A fundamental result states
that GNNs distinguish graphs in the same way as the 1-dimensional Weisfeiler-Leman algorithm, but
this only captures their ability to tell graphs apart. A broader and more fundamental question is: what
functions on graphs or their vertices can GNNs compute? In this talk, we analyse the expressive power
of GNNs through the lens of Boolean circuit complexity and descriptive complexity. We see that the
class of graph queries computable by a polynomial-size, bounded-depth family of GNNs corresponds
exactly to the class of queries definable in the guarded fragment GFO+C of first-order logic with
counting and built-in relations. This places GNNs within the circuit complexity class TC®, providing a
new characterization of their computational strength. An interesting and nontrivial aspect of this re-
sult is that GNNs are “analogue” computation models, operating over and with real numbers. Thus, a
key challenge is capturing their computational behaviour in a discrete logical framework. We introduce
a formalism that allows us to simulate, at least approximately, GNN computations and the rational
arithmetic involved therein within the logic GFO+C. Furthermore, we investigate the role of activation
functions, proving results for a wide class of functions—including RelU, logistic sigmoid, GELU, and
GLU variants—which are widely used in modern architectures. In particular, we show that a single
GNN with piecewise polynomial activations and rational weights can compute queries definable in
GFO+C without built-in relations, thus remaining within uniform TC°. We invite you to join the discus-
sion on the computational properties of GNNs and their implications for complexity theory and neural
network design.
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