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Masking as a powerful inductive bias in Transformers
● Causal attention ● Padding ● Packing ● stochastic-RPE (Liutkus et al 2021) 

mask M has low-rank decomposition 

f(x-y)● Relative Position 
Encoding (RPE)

● Star-Transformer ● Longformer ● ETC ● BigBird 

…

https://arxiv.org/abs/2105.08399


f(x-y)

How to incorporate general masking into scalable Transformers ?



All You Need is Fast Matrix-Vector Multiplication

masking softmax attention

masking kernel attention

Lemma (Choromanski et al. 2021):

As long as matrix M supports fast (sub-quadratic) matrix-vector multiplication, the 
corresponding masking mechanism can be incorporated into Performers (low-rank linear 
attention Transformers) in the sub-quadratic time.



Graph-induced masking
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(G,f) tractable if M supports sub-quadratic 
matrix vector multiplication 

e.g. shortest-path distance



Graph-induced masking
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(G,f) tractable if M supports sub-quadratic 
matrix vector multiplication 

● If G is a d-dimensional unweighted grid then (G, 
*) is tractable

D-level block Toeplitz matrices1D-RPE (Liu et al.)

e.g. shortest-path distance

https://arxiv.org/pdf/2106.12566.pdf


Graph-induced masking
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(G,f) tractable if M supports sub-quadratic 
matrix vector multiplication 

● If G is a d-dimensional unweighted grid then (G, 
*) is tractable

● If G is a forest and: (a) f is exponentiated affine 
mapping or (b) G is unweighted or (c) G is of 
sublinear diameter then (G, f) is tractable 
(molecular assembly trees)

e.g. shortest-path distance



Graph-induced masking
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● If G is a forest and f is exponentiated affine 
mapping then (G, f) is tractable 

e.g. shortest-path distance



Graph Kernel Attention Transformers (GKAT)

● Main idea: define M as a graph kernel matrix for a 
kernel defined on graph nodes.

● Examples: Graph Diffusion Kernels (GDKs)

● Execution: Support fast mask-vector multiplication 
via: (a) stochastic low-rank decompositions or: (b) 
spectral graph algorithms coupled with new methods 
for computing the actions of matrix exponentials. 

● negated adjacency matrix
● Laplacian matrix
● normalized Laplacian matrix



Low-rank decomposition and Random Walks 
Graph-Nodes Kernels (RWGNs)



:



2-level block Toeplitz masking for images

                           ImageNet classification

Code: https://github.com/google-research/google-research/tree/master/topological_transformer

https://github.com/google-research/google-research/tree/master/topological_transformer


Thank you for your Attention !

Fig: Masked Transformer in action.


