
inputs  x∈ NxDℝ
key  k∈ NxDℝ  kb∈ NxD𝔹

query  k∈ NxDℝ

binarised

➞ no-grad

︸θ learned weight ➞ 
wk∈ Nx1ℝ

 qb∈ NxD𝔹binarised

➞ no-grad

︸θ learned weight ➞ 
wq∈ Nx1ℝ

Hamming 
attention NxN

forward path w/o FP matrix 
multiplication 

integer distance and scalar

weight multiplication + softmax

backward path w/o NxNxD 
floating point MACs ➞ only NxN

➞ output

 (matrix-multiply)

value v∈ NxD/4ℝ


