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Attention mechanism

• Asymmetry

• Computational overhead

𝐾 𝑥𝑖 , 𝑥𝑗 = 𝜎 𝑞 𝑥𝑖 , 𝑘(𝑥𝑗)

𝑜 𝑥𝑖 =෍

𝑗=1

𝑁

𝑣(𝑥𝑗)𝐾 𝑥𝑖 , 𝑥𝑗

𝑊𝑞𝑥𝑖 ,𝑊𝑘𝑥𝑗 ≠ 𝑊𝑞𝑥𝑗,𝑊𝑘𝑥𝑖

𝑞(𝑥𝑖) 𝑘(𝑥𝑗) 𝑞(𝑥𝑗) 𝑘(𝑥𝑖)

Where does asymmetry come from?
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𝒓𝑗 = 𝒇𝑋𝑾𝑟𝝓𝑘 𝑥𝑗 .

Key idea: Using primal-dual relationship to remodel

the attention mechanism on graphs
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The standard 

attention formulation

Expressivity and UAT

Takes away

• Primal representation can be an efficient module 

• Primphormer preserves good theoretical property


