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n X ∈ Rn×d

Q ∈ Rn×d  k K ∈ Rn×d  k V ∈ Rn×d  v

Attention(Q,K,V ) = softmax  V .(
 d  k

QK⊤)
X

  

Q

K

V

= XWQ

= XWK

= XW V

W ,W ∈Q K Rd×d  k W ∈V Rd×d  v
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PE  (pos,2i)

PE  (pos,2i+1)

= sin pos/10000( 2i/d)
= cos pos/10000( 2i/d)

k PE  pos+k PE  pos

  

PE  (pos+k,2i) = sin (pos + k)/10000( 2i/d)
= sin pos/10000 ⋅ cos k/10000 + cos pos/10000 ⋅ sin k/10000( 2i/d) ( 2i/d) ( 2i/d) ( 2i/d)
= offset  ⋅ PE  + offset  ⋅ PE  .(k,2i) (pos,2i) (k,2i+1) (pos,2i+1)
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β  =2 0.98 0.999

warmup_steps

learning_rate =  min  ,  ⋅  .
 d  model

1 (
 step_num

1
warmup_steps

step_num

 warmup_steps

1 )
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m ∼ Bernoulli(Φ(x)) Φ(x) = P (x ≤′ x)
x ∼′ N (0, 1)

GELU(x) = x ⋅ Φ(x) + 0 ⋅ (1 − Φ(x)) = xΦ(x).

0.5x 1 + tanh  (x+ 0.044715x )   or  xσ(1.702x).( [ 2/π 3 ])
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https://ufal.mff.cuni.cz/courses/npfl140
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