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Background and previous work

• Self-Attention
• Absolute Position Encoding and Relative Position Encoding (RPE)
• Shaw’s RPE 
• RPE in Transformer-XL 
• Huang’s RPE 
• RPE in SASA 
• RPE in Axial-Deeplab



Self-attention



Absolute Position Encoding and Relative 
Position Encoding (RPE)

• Absolute Positional encoding

• Relative Position Encoding (RPE)



Shaw’s RPE



RPE in Transformer-XL



Huang’s RPE



RPE in SASA



RPE in Axial-Deeplab
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New relative position encoding methods

• Bias Mode

• Contextual Mode

• A Piecewise Index Function

• 2D Relative Position Calculation



Bias and Contextual Mode

• Bias

• Contextual



A Piecewise Index Function

• mapping a relative distance into an integer in finite set



2D Relative Position Calculation

• Euclidean method:

• Quantization method



2D Relative Position Calculation

• Cross method

• Product method



Experiments

• Compare each of the proposed methods
• Compare proposed methods to SOTA image classification and object 

detection
• Visualization of RPE



Implementation details

• DeiT with same training settings
• RPE added to keys
• Ratio for piecewise function constants

• α:β:γ = 1:2:8

• Add 1 to β (# buckets) for RPE of classification token



Directed vs. Undirected
Bias vs. Contextual



Shared v.s. Unshared



Piecewise v.s. Clip

Image Classification with DeiT

Object Detection with DETR



Number of buckets



Component-wise analysis



Complexity Analysis

• Inefficient Implementation:

• Efficient Implementation:



Comparison on image classification



Comparison on object detection



Visualization

• Visualize the extra for different positions
• RPE makes patches focus more in block 0



Conclusion

• Review existing relative position encoding methods
• Propose four methods dedicated to visual transformers. 
• The experiments show effectiveness of their methods on both 

classification and detection tasks.
• Their methods are easily adapted to other models.
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