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Introduction
• Transformer is powerful for vision. 
• Softmax attention has 𝒪𝒪 𝑁𝑁2 complexity. 
• Linear attention improves scalability. 
• But kernel choice remains underexplored. 



Motivation
• Existing linear attention mostly uses Gaussian kernels. 
• Empirical Q/K distances are heavy-tailed. 
• Gaussian decays too aggressively and suppresses useful mid-range interactions. 
• Laplacian kernel better matches sparse and heavy-tailed token relations. 



Problem Statement

• How to design a better kernel for linear attention? 
• How to preserve expressiveness under low-rank approximation? 
• How to implement it efficiently on GPU? 



Methodology
• Laplacian kernel attention 
• Injective normalized feature map 
• Nyström approximation for low-rank efficiency 
• Newton–Schulz iteration for fast inverse approximation 
• CUDA implementation for practical acceleration 



Results
• Better accuracy-efficiency trade-off on ImageNet 
• Linear memory scaling with sequence length 
• Faster convergence than Gaussian-kernel counterparts 
• Competitive downstream performance on detection/segmentation 



Results



Conclusion
• Laplacian is a better kernel choice than Gaussian for linear attention 
• Injective representation improves expressiveness 
• Efficient approximation and CUDA implementation make deployment practical
• Limitations & Future Works:
 Developing learnable or adaptive kernel functions.
 Exploring task-specific kernel parameterization.



Thank you!
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