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Attention



Recap: Language Modeling
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Language is messy

Syntax tree is not universal

Solution:

Treat the sentence as a flat sequence
Use deep networks to parse language



Attention
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A set operator that learns to reason about the structure of a set of elements

INPUT

my little kid likes this animated movie

 positive 



Attention
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Inputs:
query 
a set of keys , 
a set of values , 

Output: 

q ∈ RC

K =  [k  , ⋯ , k  1 N ] k  ∈i RC

V =  [v  , ⋯ , v  1 N ] v  ∈i RC

o ∈ RC

o =  α  v  , where α  =
i
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Attention: Matrix Form
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Inputs:
queries 
keys 
values 

Output: 

 is row-wise (each row sums to 1)

Q ∈ RM×C

K ∈ RN×C

V ∈ RN×C

O ∈ RM×C

O = Attention(Q, K, V) = softmax  V(
 C

QK⊤ )

softmax(⋅)
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Benefits of Attention
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Reasons about the interaction of variable sequence  𝐐   𝐊   𝐕 
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How Does Attention Solve Language Tasks?
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1. Split sentences into parts
characters
words
tokens

2. Embed each part 

3. Feed the embeddings to attention

x  i

x  →i e(x  ) ∈i RC

Q = K = V = {e(x  ), ⋯ , e(x  )}1 N     Embeddings

    Parts

embed embed embed embed embed

�(,1) �(,2) �(,3) �(,4) �(,5)

,1

my
,2

kid
,3

likes
,4

the
,5

movie

 x 
(my kid likes the movie)



Self-Attention and Cross-Attention
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Self-Attention
queries, keys & values from the same inputs

 x  
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Cross-Attention
keys and values come from the same inputs
queries come from another set of inputs

 x   z  
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Attention - TL;DR
Attention is a set operation which reasons about set elements

Attention takes three inputs - queries, keys and values


