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Problem Setting: Finding Permutation Equivariant linear Layers
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Problem Setting: Finding Permutation Equivariant linear Layers

● Find all linear layers F s.t. F(px) = pF(x) for any permutation p ∈ G



Problem Setting: Finding Permutation Equivariant Layers

● Find linear layers F s.t. F(px) = pF(x) for any permutation p ∈ G
● A crucial architecture component for geometric domains

○ such as sets, graphs and weight spaces.



Problem Setting: Finding Permutation Equivariant Layers

● Find linear layers F s.t. F(px) = pF(x) for any permutation p ∈ G
● Traditionally this was done by finding explicit parameter sharing.
● However explicit parameter sharing tend to be tedious.

Illustration: Navon et al., Equivariant Architectures for Learning in Deep Weight Spaces



Irreducible Representations and Schur’s Lemma
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Irreducible Representations and Schur’s Lemma
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Irreducible Representations and Schur’s Lemma

f: V V

V = U + W

G-equivariant layer

irreducible decomposition

U Uf: W Wf: U Wf:

scalarscalar zero



Re-deriving Permutation Equivariant Layers

● We re-derive known equivariant characterizations using irreducible 
decompositions and Schur’s lemma

● Case studies:
○ DeepSets (Zaheer et al.)
○ Graph Invariant Networks (Maron et al.)
○ Deep Weight Spaces Networks (Navon et al.) 
○ Wreath-equivariant layers



Case Study: DeepSets

● DeepSets (Zaheer et al. 2017): S_n acting on R^n.
● two irreps: scalars and sum to zero
● decompose x in R^n to x=x_bar*1n + (x-x_bar*1n)
● Now we get Tx = a*x_bar*1n + b*(x-x_bar*1n) by Schur 
● this is exactly the original result of DeepSets!
● We do the same for IGN and DWS



Wreath-Equivariant Layers

● Sets of unaligned symmetric elements (v
1
,...,v

k
)

● Equivariance with respect to the joint action of:
○ k-tuple of group elements (g

1
,...,g

k
) on each coordinate independently

○ a permutation τ ∈ S
k
 of the k-tuple

● This corresponds to the action of the wreath product G≀S
k
 on Vk

● We seek for wreath equivariant linear layers
● Applications: alignment problems, hierarchical structures



Full Characterization of Wreath-Equivariant Layers



Full Characterization of Wreath-Equivariant Layers

siamese layers



Full Characterization of Wreath-Equivariant Layers

Siamese layers

additional s2

non-siamese layers!

s = num. of trivial irreps



Experiments: Graph Anomaly Detection

Find anomalous graph within k graphs with n nodes each.

Non-siamese layers are crucial!



Experiments: Wasserstein Distance Computation

Learning Wasserstein distances is a S
n
≀ S

2
 invariant task.



Experiments: Weight Space Alignment

● v
1
, v

2
 are elements in weight space

● Find the group element that optimally aligns v
1
 and v

2
.

Non-siamese layers improve error rates.



Thanks!
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