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Machine learning on hypergraphs

Hypergraph, where a hyperedge can contain more than two nodes, is
better in modeling higher-order relations.

Examples: subspace clustering, hierarchical
species classification of a FoodWeb.
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Naive approach: clique-expansion (CE).
▶ Issue: known to lose information.123

1The total variation on hypergraphs-learning on hypergraphs revisited, Hein et al.
NeurIPS 2013.

2Submodular hypergraphs: p-laplacians, cheeger inequalities and spectral clustering,
Li et al. ICML 2018.

3HS2: Active learning over hypergraphs with pointwise and pairwise queries, Chien et
al. AISTATS 2019.
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Hypergraph learning beyond CE

Many sophisticated propagation rules directly applicable on
hypergraphs, and related to tensor eigenproblems, have been studied
as well.

▶ Multilinear PageRank4: related to Z eigenproblem in spectral
hypergraph theory.

▶ Tudisco et al. also show that CE-based propagation can be suboptimal
on several tasks5.

Natural questions:
▶ Is there a general framework that includes CE-based, Z-based and

other propagations on hypergraphs?

▶ Can we learn propagation schemes for hypergraph neural networks
suitable for different datasets and different learning tasks?

4Multilinear pagerank, Gleich et al. SIMAX 2015.
5Nonlinear higher-order label spreading, Tudisco et al. WWW 2021.
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The answer: AllSet framework

We give affirmative answers to both questions.

AllSet: a general multiset function framework.
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Expressive power of AllSet framework

We prove that many existing hypergraph neural network layers have
strictly less expressive power compare to AllSet framework.

Idea: AllSet can model both these layers and Z-based propagation,
but these layers cannot model Z-based propagation.
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Expressive power of AllSet framework

We also show that AllSet framework is a generalization of Message
Passing Neural Network (MPNN).
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Designing learnable AllSet layers

While being powerful, it is still unclear how to design learnable AllSet
layers with the same expressive power?

Equipped with AllSet methodology, an intuitive way is to replace both
fV→E and fE→V with deep set function learners.

▶ DeepSets6 and Set Transformer7

Both are provably universal set function approximators.

Hence, we get two hypergraph neural network layers, AllDeepSets and
AllSetTransformer, which has the same expressive power as the
general AllSet framework.

6Deep Sets, Zaheer et al. NeurIPS 2017
7Set Transformer: A framework for attention-based permutation-invariant neural

networks, Lee et al. ICML 2019.
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Experiments

We focus on node classification task in this work.

Graph case: OGB or PyG library including many benchmark datasets.

Hypergraph learning mostly focus on citation and coauthor networks
only.

In our codebase, we not only collect 8 different datasets from
literatures, but also curate 3 new benchmark datasets.

Hence, our work also make a first step toward benchmarking
hypergraph neural networks.
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Experiments
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Thanks for your attention!

Please also check our work on improving GNNs with raw data8!

8Node Feature Extraction by Self-Supervised Multi-scale Neighborhood Prediction,
Chien et al. ICLR 2022
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