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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.
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@ Examples: subspace clustering, hierarchical
species classification of a FoodWeb.

e Naive approach: clique-expansion (CE).

» lIssue: known to lose information.123

The total variation on hypergraphs-learning on hypergraphs revisited, Hein et al.
NeurlPS 2013.
2Submodular hypergraphs: p-laplacians, cheeger inequalities and spectral clustering,
Li et al. ICML 2018.
3HS?: 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 PageRank*: related to Z eigenproblem in spectral

hypergraph theory.
» Tudisco et al. also show that CE-based propagation can be suboptimal
on several tasks®.

o Natural questions:
> |s 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?

*Multilinear pagerank, Gleich et al. SIMAX 2015.
®Nonlinear 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.

o 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).

a b A Vst '°°uf £V
o i z," : |z
QB e

-

X(U 1 2 4 5) 6 ’1‘2‘3‘4“
SEPEb b <300

2,/ = £ (XX, X U Z, ) X, = (22X, )

Eli Chien (UIUC) AllSet ICLR 2022

6/10



Designing learnable AllSet layers

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

o Equipped with AllSet methodology, an intuitive way is to replace both
fy_¢e and fe_,y, with deep set function learners.

» DeepSets® and Set Transformer”

@ 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.

5Deep Sets, Zaheer et al. NeurlPS 2017
"Set 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

Table 2: Results for the tested datasets: Mean accuracy (%) =+ standard deviation. Boldfaced letters
shaded grey are used to indicate the best result, while blue shaded boxes indicate results within one
standard deviation of the best result. NA indicates that the method has numerical precision issue.
For HAN™, additional preprocessing of each dataset is required (see the Section 6 for more details).

Cora Citeseer Pubmed Cora-CA DBLP-CA Zoo 20Newsgroups  mushroom
AllSetTransformer 78.59+1.47 7308 £1.20 88.72+0.37 8363+ 147 9153:023 9750+359 R8138+058 100.00 £ 0.00
AllDeepSets 76.88+1.80 70.83+ 1.63 887520.33 81.97=150 91.27+027 9539£477 8106054 99.99+0.02
MLP 75.17 £ 121 [126TE156 8747+051 7431189 8483+022 87.18+444 | 81423049 10000000
CECGN 76.17+1.39 70.16+131 8645043 77.05+126 88.00+026 51.54+11.19 OOM 95.27 +0.47
CEGAT 76.41+153 70.63+130 8681042 76.16=1.19 8859 +029 47.88+14.03 0OM 96.60 + 1.67
HNHN 76.36 +1.92 [7264 £ 157 86.90+0.30 77.19£149 8678 +029 93.59+588 8135061 10000001
HGNN T939E136 7245+ 1.16 8644+044 8264165 9103020 9250+458 8033+042 9873+032
HCHA 7914 £102 7242+ 142 8641+0.36 8255097 9092+022 93.65+6.15 8033+080 98.70+039
HyperGCN 7845+126 7128 +082 82.84+8.67 7948+208 8938025 N/A 8105059 4790+1.04
UniGCNIT 78.81+1.05 [7305£221 83.25+040 8360114 9169019 93.65+437 | 8112067 99.96+0.05
HAN (full batch)® 'S0I8E 115 7405143 8621048 8404102 9089023 85.19+8.18 0OOM 90.86 +2.40
HAN (mini batch)* 79.70£1.77 7412£1.52 8532+225 81.71£1.73 90.17+065 7577+7.10 79.72+062 9345+131
NTU2012 ModcINct40 Yelp Housc(1)  Walmart(1) Housc(0.6) Walmart(0.6) avg. ranking (1)
AllSetTransformer  88.69+ 1.24 98.20 £ 0.20 36.89 £0.51 69.33+220 6546+0.25 83.14+192 7846040 2.00
AllDeepSets 88.09+ 152 96.98026 30.36+1.57 67.822240 6455033 80.70+1.59 | 78.46+0.26 447
MLP 8552+ 149 96.14+£036 3196044 67.93+£233 4551+024 8153+226 6328037 6.27
CECGN 81.52+1.43 89.92+046 0OM 6280 £2.61 5444+0.24 6436%241 59.78+0.32 9.66
CEGAT 82.21+1.23 9252039 0oM 69.09£3.00 51.14+056 77.25+253 5947+1.05 R.80
HNHN 8901 £ 144 9784025 31.65+044 67.80£259 47.18+035 78.78+1.88 65.80+0.39 5.87
HGNN 87.72+135 9544+033 33.04+0.62 6200+024 66.16+180 77.72+021 573
HCHA 8748 +1.87 9448+028 3099+0.72 6245+026 6791+226 77.12+026 6.40
HyperGCN 56.36+4.86 75.80+526 2942+154 4474281 7822246 5531030 9.87
UniGCNIT 8930+ 133 9807+ 023 31.70+052 5445+037 8065+196 72.08+0.28 3.87
HAN (full batch)® 8358+ 146 9404041 00M OOM 8327+ 162 0OOM 6.73
HAN (mini batch)® 80.77+236 9152096 26.05+1.37 4857+ 104 8204+268 63.10+096 7.60
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Thanks for your attention!

Please also check our work on improving GNNs with raw data®!

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