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1⃣ Challenge — GNNs Fail under Heterophily.
Their message passing mechanism assumes similar 
neighbors, but this breaks down when connected nodes 
belong to different classes.
2⃣ Core Issue — Heterophily Mixing.
Messages from dissimilar classes become entangled 
during aggregation, diluting class-discriminative info.
3⃣ Limitation — Existing Fixes Are Coarse.
Spectral filters, signed messages & rewiring lack class-
awareness and fail to adapt to local heterophily patterns.
4⃣ Key Insight — Route Messages by Class.
Information should propagate along class-specific tracks 
to prevent semantic interference.
5⃣ Our Solution — XMan-GNN Disentangles Mixing.
We model nodes on a mixed-curvature product manifold, 
guiding message flow into class-aligned submanifolds.

💡 Basic Idea
• XMan-GNN assumes that nodes of different classes lie 

on distinct geometric manifolds.
• During message passing, information is constrained to 

flow within class-specific submanifolds, preventing 
semantic interference from heterogeneous neighbors.

Step 1: Attention-based Soft Label Assignment
• We employ attention scores to estimate the likelyhood of 

two nodes belonging to the same class, which dynamically 
guide message routing toward the correct submanifolds.

🧩 Key Steps

Step 2: Manifold-aware Message Aggregation
• Messages are assembled and aggregated separately on 

each submanifold using Möbius gyromidpoint as the aggre-
gator, weighted by their attention scores.

Step 3: Initial Residual Connections
• To preserve the node's intrinsic features, we introduce 

initial residual connections using the Möbius gyromidpoint.

• Performance on heterophilic graphs 

• Performance on homophilic graphs 

• Evaluation on Synthetic Benchmarks

• Over-smoothing Analysis

• Conclusion: XMan-GNN disentangles 
heterophily mixing by routing messages 
on class-specific manifolds in mixed-
curvature space, achieving state-of-the-
art performance on diverse graphs.
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