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OVERVIEW

« Extension of mechanistic interpretability to graphs.
To the best of our knowledge, this is the first mechanistic
interpretability work applied to understand graph transformers.

- [Observation 1] Early degree-like feature extraction.
We observe the model extracts degree-like information for all node
token in early layers (layer 0~1).

» [Observation 2] Task-specific composition.
The models build upon early degree-like features towards solving
more complex tasks (ring membership, shortest-path)

* [Observation 3] Universal node ID matching behavior.
Across tasks, the model first learns how to match ID vectors,
behaving like a general incident-edge retrieval module at layer O.
This is crucial for permutation-aware computations.
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PROBLEM SETUP

Possible node permutations

Convert to sequence (Following TokenGT [1])
I + Pre-constructed type/node ID vectors

ﬂ+ Node ID shuffling per batch (permutation aware)
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] Kim et al., “Pure Transformers are Powerful Graph Learners”, NeurlPS 2022
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* Degree direction wdeg at layer O (residual)

@ Thinks itis aring node

() Thinks it is not a ring node

@ Root node of a BFS-like tree
(determined by the model,
often the highest closeness
centrality node)
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We observe the model's performance
changes for all three tasks when we add

By training a linear probe, we observed that to
override the ring assumption, the model looks if
any of the neighbors are leaf nodes (degree 1).
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vector awc(i) at the residual stream - L3 + task head are responsible for refining
eg ) . .
« Explicit alaorithm test. more distant node pairs.
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NODE ID MATCHING BEHAVIOR LIMITATIONS & DISCUSSIONS

* Limited experimental settings.

We have chosen a vanilla transformer with

0.04 Task  Sel(M) > 3? Strongest runtime heads

002 5 DC 8/8 H2 2.310,H4 2.170, HS 1.950

o ¥ RM 8/8 H4 2.270,H2 1.920, H7 1.590
3 SPD 7/8 HS5 2.340, HO 2.150, H7 1.840

TokenGT-style input, with small synthetic
graphs. Future directions for more general
models, graphs, and tokenization are important.
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» Heads that identify same node IDs in other tokens
universally exist at layer O across tasks.

Also, several aspects (e.g., node ID matching
emergence) needs to be investigated.

* One of the first mechanistic interpretation of

* This is even possible when # of IDs > QK dim., since how a graph transformer model understands
a soft ‘'nearly’ orthogonal matching is sufficient.

and process graph input.




