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Background: Transformer PE

• Positional Encoding (PE): relational bias in attention

A Vaswani et al. “Attention Is All You Need”. NeurIPS 2017.
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Motivation: Graph Transformer PE

• Positional Encoding: introducing 

pair-wise relation beyond adjacency

• Complexity: 
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C Ying et al. “Do Transformers Really Perform Bad for Graph Representation?”. NeurIPS 2021.



Method: Hub Labeling

• Hub Labeling: adding links to selected hub nodes → distant 

node pairs can be easily reached through hubs

• Shortest Path Distance (SPD) can be computed through hubs
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T Akiba et al. “Fast exact shortest-path distance queries on large networks by pruned landmark labeling”. SIGMOD 2013.



Method: Hub Labeling

• Subgraph SPD (ours): querying any node pairs within a subgraph
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Framework: Two-stage Processing

• Hub node → hierarchical subgraph → input token

• SPD value → positional encoding → attention bias

CPU GPU



Results: Complexity Analysis

• Only linear time & memory complexity

Not scalable to large m and n Insufficient memory

Decoupled mini-batch learning



Results: Experimental Evaluation

• Effectiveness: Expressive under heterophily

• Efficiency: Faster precomputation and inference
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