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Graphs

Edges in a graph represent pairwise relations



Hypergraphs

Hyperedges can connect any number of nodes



Topological Architectures
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Parametrizing higher-order relations via hypergraphs (lifting)



Topological Architectures
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Parametrizing hypergraphs as graphs (clique expansion)



Topological Architectures
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To leverage hypergraph parametrizations in relational learning, we can define 
message-passing on hypergraphs. Is this the solution?

Graph Neural Networks (GNN) Hypergraph Neural Networks (HNN)

HNNs are two-phase schemes: Messages
are passed from nodes to hyperedges and
then back to nodes (Huang and Yang,
2021).

GNNs vs HNNs



Topological Characterizations

7

GNN on clique expansion outperforms HNN



Enhancing Representational Power of GNNs
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Data Augmentation: Encodings computed at the graph level

Structural (SE) and Positional (PE) encodings endow GNNs with information that it 
cannot learn on its own.
• Graph Laplacian
• Substructure counts
• Node degrees
• Discrete curvature
• Random walks statistics

Can we endow GNNs with additional structure? Yes! 



Hypergraph-level Encodings
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How to best leverage higher-order relational information?
Augment graph with structural information, computed at the hypergraph-level.

1. Eigenvectors of the Hodge Laplacian (H-LAPE)

2. Hypergraph curvature (H-LCP)
3. Hyper-degree profiles (H-LDP)
4. Hypergraph random walk statistics (H-RWPE)

H-Encodings are more expressive than G-Encodings



Hypergraph-level Encodings
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H-Encodings provide additional boost to GNNs compared to G-Encodings

GNN with G-Encodings 
vs. H-Encodings



Hypergraph-level Encodings
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H-Encodings are more expressive than G-Encodings



Thank you!

https://arxiv.org/abs/2502.09570
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