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鲹ꄅ

x1, …, xn, ∀xi ∈ ℝd

xi

y1, …, yn

tt-1 t+1

Self-attention
Keys, values, 

queries

Outputs

yi = f(xi, (x1, x1), …, (xn, xn)) ∈ ℝd
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饇CNNRNN㵒奃

CNN RNN ⾃注意⼒
计算复杂度 O(knd^2) O(nd^2) O(n^2d)
并⾏度 O(n) O(1) O(n)
最⻓路径 O(n/k) O(n) O(1)
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⛤糌籁溞
٬饇CNN/RNN┘⺱舅嫱䙬ⱱ䇜媆僗阭䎓⛤糌⼝䕜 

٬⛤糌籁溞㵨⛤糌⼝䕜嫱⪍⮽鰟⪍ꄅ 
٬ ⡾阻Ꝛ䈲╙  氳䈌⮜佭 黁╫✳榫⛤糌籁溞湺ꡘ 

 全鰟  ⛼╙舅籁溞鰟⪍ 

٬  氳⩕碜㞝┖阞畀

n X ∈ ℝn×d

P ∈ ℝn×d X + P

P

pi,2j = sin (
i

100002j/d ), pi,2j+1 = cos (
i

100002j/d )
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⛤糌籁溞湺ꡘ
٬  

      
P ∈ ℝn×d pi,2 j = sin (

i
100002 j/d ), pi,2 j+1 = cos (

i
100002 j/d )
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簈㵒⛤糌⟔䕜
阞畀儬✳榫氳◅鲽⯆籁溞

⛤糌籁溞湺ꡘ
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注㵒⛤糌⟔䕜
٬⛤糌◇ 𝑖+𝛿 㚲氳⛤糌籁溞⺎♔篪䓪䤸䏆⛤糌 𝑖 㚲氳⛤糌籁溞

全辑炐 

٬阭 黁╫ωj = 1/100002j/d

[

cos(δωj) sin(δωj)
−sin(δωj) cos(δωj)] [

pi,2j
pi,2j+1] = [

pi+δ,2j
pi+δ,2j+1]

䤸䏆湺ꡘ
饇  仰⪩i
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䔅篾
٬舅嫱䙬ⱱ娢㷄㵨  䎎⢢keyvalue

query全㵒䈌⮜䥩攑䏣 

٬㱮⪓䇜车յ僄Ꝛ䈌⮜╙1յ⛙㵒Ꝛ䈌⮜
阞畀择儷䈲냖 

٬⛤糌籁溞㏇鰟⪍╈ⱶ⪍⛤糌⼝䕜✳䐂
舅嫱䙬ⱱ耇㛫阭䑓⛤糌⼝䕜

xi
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