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Most real-world data are connected

• Social networks: User−User

• Recommendation: User−Item

• Academic: Author−Paper

• Entertainment: Movie−Actor

• Chemistry: Atom−Atom

2Figure: Sa Wang. “Social Network Graphs: Concepts, Metrics & Tools” PuppyGraph.



Hypergraph models diverse relations

• Hyperedges connect multiple nodes

▪ e.g., Author (node) − Paper (hyperedge)

• Pair-wise interactions can also be hyperedges

3Figure: Kim et al. “Hypergraph Neural Networks: An In-Depth and Step-By-Step Guide.” KDD 2024.



Hypergraph models are complex

• Capturing higher-order interactions increases model complexity

• Key limitations: 

▪ Generalizability

▪ Scalability

▪ Interpretability
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Label scarcity is a key challenge

• Complex models fail under scarce labels on real-world data

• Our goal: Simplify model without losing expressive power

• Result: We reduce the number of parameters to ZERO! 
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ZEN: Method overview

• Zero-Parameter Hypergraph Neural Network

• ZEN consists of three main ideas:

1. Linearize existing models

2. Remove remaining parameters

3. Refine the propagation scheme

6



Start by linearizing existing models

• Simplify existing models via linearization − general form:

▪ 𝐘pred ∈ ℝ 𝒱 ×𝑐: Prediction matrix

▪ 𝐏 ∈ ℝ 𝒱 × 𝒱 : Propagation matrix

▪ 𝐖 ∈ ℝ𝑐×𝑑: Weight matrix
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𝐘pred = 𝐏𝐗𝐖⊤



Remove remaining parameter 𝐖

• Boost efficiency via approximated closed-form solution:

▪ 𝐘trn ∈ {0,1}|𝒱|×𝑐: One-hot label matrix for training nodes; otherwise, 0
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𝐖 ≈ 𝐘trn
⊤ 𝐏𝐗

∴ 𝐘pred = 𝐏𝐗 𝐏𝐗 ⊤𝐘trn



Refine propagation matrix 𝐏

• Remove strong self-correlation from 𝐏:

• Residual self-information RSI 𝐀𝑙 : Degree of correlation to 𝐀0
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𝐏∗ = σ𝑙 𝛼𝑙 𝐀𝑙 − RSI 𝐀𝑙

∴ 𝐘pred = 𝐏∗𝐗 𝐏∗𝐗 ⊤𝐘trn



ZEN is accurate

• Outperforms all on 8 of 10 datasets (classification accuracy)
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ZEN is extremely fast

• Overwhelming speed advantage (relative running time)
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ZEN is interpretable

• Domain-aligned representations by ZEN (color-coded 𝐖⊤)
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ZEN: Summary

• Parameter-free (training-free)

• Highly expressive, low complexity

• Accurate, fast, and interpretable
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