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Symmetry in Graph Learning: 
Passive Symmetry and 

Active Symmetry

Learning on a Fixed Domain 
with Approximately Equivariant 

Graph Networks

Empirical Evidence:
Using Active Symmetries in GNN 
Outperforms Passive Symmetries 

Theoretical Results:
Bias-Variance Tradeoff in 

Symmetry Model Selection

Traffic Forecasting

Pose Estimation

Equivariant Graph Networks 
using Graph Automorphisms

Graph: Input or Domain?

Passive Sym. Active Sym.

Large real-world graphs tend to be asymmetric…
How to introduce meaningful symmetries?

Approximate Symmetries: 
Graphon Analysis

Theorems

GNN Symmetry CNN Symmetry

Ø Domain: fixed graph
Ø Signal: X: Ω → ℝ&
Ø The group acts on signals only
Ø Network Architecture:

• Equivariant linear map
• Pointwise nonlinearity

Graph coarsening and 
blow-up to induce more 
symmetries:
Ø local permutation
Ø global automorphism 
induced from   

blow-up
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[Defn 4]
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Define approximate equivariant mapping using 
notions of induced graphons and coarsening error

Example: Random Geometric Graph

Ø Approximate symmetries: local deformations

Ø Approximate equivariant mapping: functions 
that are stable to local deformations.

Example: Node Relabeling Example: Signal Swapping

Ø Domain:: different graphs
Ø Signal: X: Ω → ℝ&
Ø The group acts on signals 
and domain together

Ø Domain:: grid Ω = ⁄) * ) × ⁄) * )
Ø Signal: X: Ω → ℝ,
Ø The group shifts the signals, 
keeping the domain fixed
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Permutation invariance Translation invariance

Our contribution: enforce active symmetries in GNN


