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Translation

Human translation

𝑦∗ = argmax
𝑦

𝑝(𝑦|𝑥)

Machine translation

𝑦′ = argmax
𝑦

𝑝(𝑦|𝑥, 𝜃)

Questions to answer:
• modeling

How does the model for 𝑝(𝑦|𝑥, 𝜃) look like?
• learning

How to find 𝜃?
• search

How to find the argmax?
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Conditional language models

Language models:

𝑝(𝑦1, 𝑦2,… , 𝑦𝑛) =
𝑛
∏
𝑡=1

𝑝(𝑦𝑡|𝑦<𝑡)

Conditional language models:

𝑝(𝑦1, 𝑦2,… , 𝑦𝑛|𝑥𝑥𝑥) =
𝑛
∏
𝑡=1

𝑝(𝑦𝑡|𝑦<𝑡,𝑥𝑥𝑥)
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Encoder-decoder architecture
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RNN encoder and decoder
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What encoder state represents?
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Training with cross-entropy and teacher forcing
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Inference: greedy decoding

𝑦′ = argmax
𝑦

𝑝(𝑦|𝑥) = argmax
𝑦

𝑛
∏
𝑡=1

𝑝(𝑦𝑡|𝑦<𝑡, 𝑥)

Greedy decoding: at each step pick token with highest probability. What
are the limitations of this method?

argmax
𝑦

𝑛
∏
𝑡=1

𝑝(𝑦𝑡|𝑦<𝑡, 𝑥) ≠≠≠
𝑛
∏
𝑡=1

argmax
𝑦𝑡

𝑝(𝑦𝑡|𝑦<𝑡, 𝑥)
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Inference: beam search
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The problem of a fixed representation
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Attention overview

13



Attention computation
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Score computation
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Attention learns alignment
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Attention is all you need

18



Attention is all you need
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Why attention can be better than RNN?

I arrived at the bank after crossing the … …street? …river?
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Self-attention
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Masked self-attention
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Multi-head self-attention
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Transformer architecture
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Positional embeddings
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Subword segmentation
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Byte-pair encoding

(hug, 10), (pug, 5), (pun, 12), (bun, 4), (hugs, 5)

V: [b, g, h, n, p, s, u]

C: (h-u-g,10), (p-u-g,5), (p-u-n,12), (b-u-n,4), (h-u-g-s,5)

V: [b, g, h, n, p, s, u, ug]

C: (h-ug,10), (p-ug,5), (p-u-n,12), (b-u-n,4), (h-ug-s,5)

V: [b, g, h, n, p, s, u, ug, un]

C: (h-ug,10), (p-ug,5), (p-un,12), (b-un,4), (h-ug-s,5)

V: [b, g, h, n, p, s, u, ug, un, hug]

C: (hug,10), (p-ug,5), (p-un,12), (b-un,4), (hug-s,5)
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Positional heads: attention to neighbours
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Positional heads: attention to neighbours
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Syntactic heads: track dependencies
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Attention to rare tokens
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Conclusion

We reviewed following topics:
• seq2seq task basics: model architecture, training, inference
• attention basics
• multi-head self-attention
• transformer architecture
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