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https://youtu.be/hYdO9CscNes https://youtu.be/gmsMY5kc-zw
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Fixed Pattern 

c.f. CNN
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Internal transformer 
construction (ITC)

Extended transformer 
construction (TTC)



Fixed Pattern 

Different heads use different patterns.



Fixed Pattern 

• Longformer

• Big Bird 

https://arxiv.org/abs/2004.05150

https://arxiv.org/abs/2007.14062
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Learnable 
Patterns

keyquery

Reformer 
https://openreview.net/forum?id=rkgNKkHtvB

Routing Transformer
https://arxiv.org/abs/2003.05997

Clustering
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Learnable Patterns
Sinkhorn Sorting Network

https://arxiv.org/abs/2002.11296

(simplified version)
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Input sequence

NN Jointly learned



Do we need full attention matrix?

𝑁

𝑁 𝐾Many redundant 
columns

Linformer
https://arxiv.org/abs/2006.04768
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Representative 
keys



Reduce Number of Keys

Conv Conv Conv Conv

𝑑

𝐾

𝑑

𝐿

𝐿 × 𝐾

Linear combination 
of 𝐿 vectors 

Linformer
https://arxiv.org/abs/2006.04768

Compressed Attention
https://arxiv.org/abs/1801.10198
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softmax
ignore

𝑑 × 𝑁

𝑑 × 𝑁

𝑑 × 𝑁



Review
= 𝑊𝑞

= 𝑊𝑘

= 𝑊𝑣

Q

K

V

𝐾𝑇 QV≈

I

O

I

I

Attention Mechanism is three-matrix Multiplication 

𝑑 × 𝑁

𝑑 × 𝑁

𝑑′ × 𝑁

𝑑′ × 𝑁

𝑁 × 𝑑

𝑑 × 𝑁𝑑′ × 𝑁



𝐾𝑇 QV≈O

𝑑′ × 𝑁

𝑁 × 𝑑

𝑑 × 𝑁𝑑′ × 𝑁

𝐾𝑇 QV≈O

𝑑′ × 𝑁

𝑁 × 𝑑

𝑑 × 𝑁𝑑′ × 𝑁



Review Linear Algebra

https://youtu.be/yO8lDzf4jMs
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Realization 

• Efficient attention

• Linear Transformer

• Random Feature Attention

• Performer

𝑒𝑥𝑝 𝒒 ∙ 𝒌
≈ 𝜙 𝒒 ∙ 𝜙 𝒌

𝒒 𝜙 𝒒𝜙

https://arxiv.org/pdf/1812.01243.pdf

https://linear-transformers.com/

https://arxiv.org/pdf/2103.02143.pdf

https://arxiv.org/pdf/2009.14794.pdf


