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Transformer Illustration

• 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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Start Encoding
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Calculate Values

• Calculate dot product of key 
and value vector

• Multiply each value vector 
by the Softmax score

• Sum up the weighted value 
vectors v1 and v2
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Final Output of the Self-attention Module
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The Beast with Multiple Heads
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Positional Encoding

• Use sine and cosine functions of different frequencies
− pos: word position

− i: dimension index

− dmodel = 512
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Encoding Variable-length Sentences

12https://machinelearningmastery.com/a-gentle-introduction-to-positional-encoding-in-transformer-models-part-1

https://machinelearningmastery.com/a-gentle-introduction-to-positional-encoding-in-transformer-models-part-1


Positional Encoding Layer in Transformers

• k: Position of an object in input 
sequence, 0≤k<L/2

• d: Dimension of the output embedding space

• P(k,j): Position function for mapping a 
position k in the input sequence to index (k, j) of 
the positional matrix

• n: User defined scalar. Set to 10,000 by the 
authors of Attention is all You Need.

• i: Used for mapping to column indices 0≤i<d/2. 
A single value of i maps to both sine and cosine 
functions
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https://arxiv.org/abs/1706.03762
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Visualizing Positional Encoding

15Code to generate it

https://github.com/jalammar/jalammar.github.io/blob/master/notebookes/transformer/transformer_positional_encoding_graph.ipynb
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Transformer Decoder
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Decoder
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Output of Decoder

20



21



Latest NLP Models (2018 - ) GPT, ELMo, BERT
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Generative Pre-trained 
Transformer (GPT)

Bidirectional Encoder 
Representations from 
Transformers (BERT)

Embeddings 
from Language 
Models (ELMo)



BERT: Bidirectional Encoder Representations 
from Transformers (2019)
• Use “Masked Language Model” to train the bidirectional transformer 

encoder
− Randomly masked out some tokens and train models to predict them

• Fine-tuning on different tasks

• Achieved state-of-the-art results on multiple NLP tasks

23https://arxiv.org/abs/1810.04805

https://arxiv.org/abs/1810.04805
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https://jalammar.github.io/illustrated-bert/

https://jalammar.github.io/illustrated-bert/


Spam Email 
Classification
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Embeddings from Language Models (ELMo)

• Consider how words vary across contexts

• Use sentence as input and encoded it by bi-directional LSTM
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Use Bi-LSTM to create Word Embedding
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OpenAI GPT: Pre-training Transformer Decoders

• Unsupervised pre-train transform decoders for predicting the next word 
(GPT: Generative Pre-Training)

• Use 12 Transformer decoders in GPT-1
− GPT-1: Improving Language Understanding with Unsupervised Learning (2018)

− GPT-2: Better Language Models and Their Implications (2019)

− GPT-3: Language Models are Few-Shot Learners (2020)
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https://openai.com/blog/language-unsupervised/
https://openai.com/blog/better-language-models/
https://arxiv.org/abs/2005.14165


OpenAI GPT for Different Tasks

29https://cdn.openai.com/research-covers/language-unsupervised/language_understanding_paper.pdf

https://cdn.openai.com/research-covers/language-unsupervised/language_understanding_paper.pdf


OpenAI GPT-2

• Pre-trained using 40GB of Internet text

• Scale-up of GPT with 10X parameters trained with 10X data

• Other tricks
− Layer normalization was moved to the input of each sub-block

− An additional layer normalization was added after the final self-attention block
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https://openai.com/blog/better-language-models/

https://openai.com/blog/better-language-models/


Size does Matter! GPT-3

• 175 Billion 
Parameters!

• 175×4=700GB

• 55 years and 
$4,600,000 to 
train - even 
with 
the lowest 
priced GPU 
cloud on the 
market.

31https://medium.com/analytics-vidhya/openai-gpt-3-language-models-are-few-shot-learners-82531b3d3122

https://lambdalabs.com/service/gpu-cloud
https://medium.com/analytics-vidhya/openai-gpt-3-language-models-are-few-shot-learners-82531b3d3122


GPT3 Demo (gpt3demo.com )
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https://gpt3demo.com/


huggingface.co



huggingface.co
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