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Summary

• Goal: to learn informative node embeddings in hypergraphs without
any supervision (e.g., labels) or extra information (e.g., features)

• Previous Work:
‒ Requires external node features.
‒ Captures only structural information (no label information)
• Proposed Method (VilLain):
‒ Inspired by higher-order label homogeneity in real hypergraphs;
‒ Learns virtual labels (v-labels) to reproduce the observed pattern 

without relying on actual labels and input features;
‒ Generates embeddings from v-label probability assignment vectors
→ Captures potential structure-label relationships

• Advantages:
‒ Minimum Requirements: Does not require any supervision (e.g., 

node labels) or external information (e.g., node features)
‒ Versatility: Generates general-purpose embeddings
‒ Accuracy: Outperforms the competitors up to 72% ↑ accuracy

Observations

• Obs 1. Label homogeneity in real-world hyperedges
‒ Hyperedges tend to contain the same labeled nodes.

• Obs 2. Higher-order label homogeneity in real-world hyperedges
‒ Label homogeneity is maintained strong even when labels are 

propagated for multiple steps.

Background: Hypergraphs

• Hypergraphs model group interactions.
‒ Each hyperedge is a subset of any number of nodes
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• Hypergraph Representation Learning (HRL) learns node embeddings. 
‒ Self-supervised HRL learns embeddings without external node labels.

Proposed Method: VilLain

Experimental Results

Motivations

• Most HRL methods require external features. 
‒ External features are often missing in real-world hypergraphs.
• Existing HRL methods that do not require external features

consider only structural information. 
‒ They do not consider potential interplay with labels. 
‒ They can be suboptimal in some applications (e.g., node cls.). 

• VilLain learns versatile node embeddings for hypergraphs. 
‒ Learns distributions of “virtual” labels (v-labels) w/o actual labels;
‒ V-labels are propagated across the hypergraph;
‒ Versatile node embeddings are generated from v-label probability 

assignment vectors.

• VilLain aims to reproduce the higher-order label homogeneity
present in real-world hypergraphs by optimizing v-label distributions.

‒ Specifically, it aims to minimize the following self-supervised losses:

• Q1. Accuracy: VilLain outperforms graph and hypergraph 
baselines.

• Q2. Versatility: VilLain performs best in various downstream 
tasks.

• Q3. Scalability: VilLain scales linearly with hypergraph size and #steps.

✓ Node classification
✓ Node clustering
✓ Node retrieval
✓ Hyperedge prediction

Latent Space Various Applications

Latent Space
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0-hop node v-labels 

𝐗 𝟎 = Softmax ෩𝐗
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1-hop hyperedge 
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Local Loss

Capture the higher-order homogeneity of v-labels, 

motivated by the observations in real-world hypergraphs.
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• Q4. Generalizability: VilLain performs well on unobserved nodes.

Make v-label distribution distinctive by inducing 

v-label clusters disjoint from each other.

Make v-label distribution balanced to

prevent any single v-label’s dominance.
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