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Graph Neural Networks (GNNs) have become the cornerstone of graph machine learning, yet their perfor-
mance is fundamentally limited by two intertwined phenomena: over-smoothing, where node representations
become indistinguishable as depth increases, and over-squashing, where long-range information is compressed
through structural bottlenecks. This talk explores graph rewiring strategies to alleviate these phenomena by
leveraging structural, topological, and feature-based priors of the underlying graph. We begin by introducing a
fundamental topological trade-off between over-smoothing and over-squashing in GNNs, highlighting its connec-
tion to the spectral properties of the graph [1]. To navigate this trade-off, we present curvature-driven rewiring
methods that explicitly modify graph connectivity to control spectral characteristics and improve information
propagation across the graph. We then discuss feature-aware methods that exploit node attributes as signals for
graph rewiring. By leveraging triangulations and task-informed triangle selection mechanisms, these methods
introduce feature-consistent connectivity patterns enabling more effective information propagation [2]. Finally,
we outline future directions and broader perspectives on moving beyond rewiring strategies within message
passing architectures, aiming toward more expressive, adaptive, and scalable graph learning models [3, 4].
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