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Attention is All 
You Need!

A. Waswani et al., NIPS, 2017

Google Brain & University of Toronto

2



Attention

• Visual attention and textual 
attention

3https://lilianweng.github.io/lil-log/2018/06/24/attention-attention.html

https://lilianweng.github.io/lil-log/2018/06/24/attention-attention.html


Seq2seq model

• Language translation
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Attention = Vector of Importance Weights
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Transformer

• http://jalammar.github.io/illustrated-transformer/
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http://jalammar.github.io/illustrated-transformer/


Encoder and Decoder
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Structure of the Encoder and Decoder

• Self-attention

• Encoder-decoder attention
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Tensor2Tensor Notebook

• https://colab.research.google.co
m/github/tensorflow/tensor2ten
sor/blob/master/tensor2tensor/
notebooks/hello_t2t.ipynb
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https://colab.research.google.com/github/tensorflow/tensor2tensor/blob/master/tensor2tensor/notebooks/hello_t2t.ipynb


Self Attention
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Self-attention Example
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Self-attention (query, key, value)

14
https://www.youtube.com/watch?v=ugWDIIOHtPA&t=1089s

https://www.youtube.com/watch?v=ugWDIIOHtPA&t=1089s


Self-attention
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Calculating 𝑏2
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Calculate Dot Product of Query & Value
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Softmax Normalization
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Calculate Values

• Multiply each value vector 
by the Softmax score

• Sum up the weighted value 
vectors
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Final Output of Self-attention
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The Beast With Multiple Heads
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Multi-head Self-attention

𝒌𝒊 𝒗𝒊

𝒂𝒊

𝒒𝒊

(2 heads as example)

𝒒𝒊,𝟐𝒒𝒊,𝟏 𝒌𝒊,𝟐𝒌𝒊,𝟏 𝒗𝒊,𝟐𝒗𝒊,𝟏

𝒌𝒋 𝒗𝒋

𝒂𝒋

𝒒𝒋

𝒒𝒋,𝟐𝒒𝒋,𝟏 𝒌𝒋,𝟐𝒌𝒋,𝟏 𝒗𝒋,𝟐𝒗𝒋,𝟏

𝒃𝒊,𝟏

𝒒𝒊 = 𝑊𝑞𝒂𝒊

𝒒𝒊,𝟏 = 𝑊𝑞,1𝒒𝒊

𝒒𝒊,𝟐 = 𝑊𝑞,2𝒒𝒊
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https://speech.ee.ntu.edu.tw/~hylee/ml/ml2021
-course-data/self_v7.pptx

https://speech.ee.ntu.edu.tw/~hylee/ml/ml2021-course-data/self_v7.pptx
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Two-head 
Self-attention
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Positional Encoding
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Positional Encoding 
Visualization

• Visualize positional 
encoding for 20 words 
(rows) with an 
embedding size of 512 
(columns)

27



Adding Residual Connections
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Layer 
Normalization
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Decoder
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Decoder
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Output of Decoder
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BERT, ELMo, GPT

37http://jalammar.github.io/illustrated-bert/

http://jalammar.github.io/illustrated-bert/
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Sentence Classification
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Model Architecture

• BERT BASE – Comparable in size to the OpenAI Transformer in order to compare 
performance

• BERT LARGE – A ridiculously huge model which achieved the state of the art results 
reported in the paper
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Use Pre-trained Encoders
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ELMo: Context Matters
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OpenAI Transformer

• Pre-training a Transformer Decoder for Language Modeling
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Re-train Decoder

• No encoder-decoder 
attention sublayer
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OpenAI Transformer for Different Tasks
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BERT: From Decoders to Encoders

• ELMo’s language model was bi-directional, but the openAI
transformer only trains a forward language model.

• Could we build a transformer-based model whose language 
model looks both forward and backwards, i.e. “is conditioned on 
both left and right context”?
−Masked Language Model
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BERT for 
Different tasks
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BERT for Feature Extraction
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