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Basics of Transformer models



Origin of LLM: NMT task

Neural Machine Translation

We want to calculate or infer:
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something iImportant:

Words: Embedding, Encoder-decoder structure
Sequence: RNN -> position embedding

Relation: Attention: cross -> self -> multi-head

<SOS> Wir machen einen Kurs in maschinellem Lernen <EQOS>

|

<SOS> We take a machine learning course <EOS>



Embedding

Embedding: from word to token then to vector

<SOS> Wir machen einen Kurs in maschinellem Lernen <EOS>
Token Token Token Token Token Token Token
15 27 6 89 132 54 352

Dimension
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Attention! please

- Cross attention:
Bahdanau Attention
Luong Attention

- Self Attention

- Multi-head Attention

Wir machen einen Kurs in maschinellem Lernen.

N

We take a machine learning course.



Cross attention: cross

Bahdanau, D., Cho, K., & Bengio, Y. (2014). Neural

a | | g n m e nt machine translation by jointly learning to align and

translate. arXiv preprint arXiv.1409.0473.
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machine translation. arXiv preprint
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Cross attention: cross alignment

X - W, = Q(Query)

X - Wg = K(Key)

X - Wy =V (Value)
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Cross attention: cross alignment

Attention(Qy, K, ,Vy) - Z

We take a machine learning course
Wir 0.01 0 0.01
machen 0.02 0.03 0.15
einen 0.03 0.004 0.006

Kurs 0.01 0.15 0.02 0.04 0.009-

in 0.01 0.01 0.01 0 0.007 0.002
maschinellem 0.01 0.005 0.01 0.25 0.04
Lernen 0.01 0.005 0.01 0.25 0.04
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Selt-attention: covariance

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

Jax
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Multi-head
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contex

Embedding
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Attention! please

- Cross attention - Self attention - Multi-head Attention

It's time to get rid of RNN!

(sequential data*)
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contex

+position
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Position embedding

PE (pos 20y = Sin (pos/10000%/)
PE(pos,2i+1) = COS (pos/l()()oozi/d)
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Attention is all you need

Encoder:

Embedding and position embedding

Self-attention / multi-head

Output
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Attention is all you need

Decoder:

Embedding and position embedding
Self-attention / multi-head/ mask(in training)

Cross-attention

Output

(shifted right)
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Embedding
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We take

Embedding
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We  take

® 6 06 0 060 © o o o o
® © 06 © 00 © O o 0 O
Embedding @ ® @ @ ®¢¢ o ¢ e o o
e © 06 0 00 0 o o o o
® ¢ 06 ©¢ 060 o o e o o

|np|_|t <505> Wir machen einen Kurs in maschinellem Lernen Output <505> We take a machine learning course



We take a machinelearning course <EQS=
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The Annotated Transtormer

http://nlp.seas.harvard.edu/annotated-transformer/

G |tH u b:harvardnlp/annotated—transformer: An annotated implementation of the Transformer paper.
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