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Transformers
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Self Attention
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Think of this as your 
Dictionary keys used for 
addressing

Single Head Attention
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Detailed information - what I 
want to read out from 
memory
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My current word embedding
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1] Relate
Compatibility bet. each 
embedding in the 
dictionary to myself

Scalar, Pairwise
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1] Relate

Scaled: because for large values of     
→large values of dot product  
→ pushes the softmax to have small 
gradients.



http://jalammar.github.io/illustrated-transformer/

Aggregate 
information from all 
tokens 

2] Aggregate



Single-Headed Attention
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Single-Headed Attention

Relate
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Single-Headed Attention

Relate

Aggregate
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Self Attention: A New Perspective

Aggregate Function 

Fixed Weights

Convolutional Networks



Tokens: Flattened CNN features

Think of these as  
Visual Words

Self Attention: A New Perspective

Aggregate Function 

Content Adaptive Weights

Transformers



Self Attention: A New Perspective

Aggregate Function 

Local

Convolutional Networks



Tokens: Flattened CNN features

Self Attention across  
all the features not locally

Self Attention: A New Perspective

Aggregate Function 

Global Context

Transformers



Self Attention vs Cross Attention
Q 

K

V

Q 

K

V

Cross 
Attention

Self 
AttentionMultiHeaded Attention in both



Cross Attention

Learnable Queries

N × C
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Cross Attention

Cross  
Attention

N × C C × HW

N × HW
Attention Maps

Relate



Cross Attention

Cross  
Attention

HW × CN × HW
Attention Maps

N × C

Aggregate



MaskFormer

Cheng, Bowen, Alex Schwing, and Alexander Kirillov. "Per-pixel classification is not all you need for semantic segmentation." Advances in Neural Information Processing 
Systems 34 (2021): 17864-17875.
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Mask2Former CVPR22 Work

Cross  
Attention

Q

K, V

Mask2Former 
 Multiscale Transformer Decoder

Cheng, Bowen, et al. "Masked-attention mask transformer for universal image segmentation." Proceedings of the IEEE/CVF conference on computer vision and pattern 
recognition. 2022.
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Mask2Former 
 Masked Attention

Cross  
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Mask2Former 
 Masked Attention

Cross  
Attention

N × C

HW × C

Ml−1
N × HW

Binary Mask Predictions {0, 1}



Mask2Former 
 Masked Cross Attention



Questions

?
Mask2Former, CVPR’22 MaskFormer, NeurIPS'21

MED-VT, CVPR’23


