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Definition of Large Language 
Model

● Language Model: "A language model is a statistical or machine learning 
model that assigns probabilities to sequences of tokens.“

● How “large”?
○ Model size: tens (or hundreds) of billions of parameters
○ Training data: 100s of billions of tokens or more
○ Compute: a lot of GPUs



A closer look of GPT-3

Source: wikipedia



GPT training pipeline

Source: 
https://medium.com/@chassweeting/the-state-of-gpt-by-andrew-kaparthy-fad2f
007c1b9
 

https://medium.com/@chassweeting/the-state-of-gpt-by-andrew-kaparthy-fad2f007c1b9
https://medium.com/@chassweeting/the-state-of-gpt-by-andrew-kaparthy-fad2f007c1b9


From text to prediction
The whole pipeline this week, in one row

‘Huskies Are 
Ready to’

Tokenizer
BPE

Embeddings
tokens → vectors

Transformer
N blocks

Linear+ 
Softmax

(scores → probs)

P(next token)
‘Run'

Source: build a large language model 
(from scratch) by sebastian raschka



Tokenization

● Methods:
○ Word tokenization
○ Subword tokenization
○ Character-level tokenization

Source: Transformers & LLMs cheatsheet, 
Build a large language model (from scratch) by sebastian raschka 



Word Embeddings

● We need a way to represent words as continuous-valued 
vectors for neural networks

● Parameters are also trained
● Why is there semantic structure? Source: Build a large language model 

(from scratch) by sebastian raschka



What comes after transformer 
blocks? Next token prediction

● Size=d-model  Linear   Size=|V|🡪 🡪

● Softmax

‘Huskies Are 
Ready to’

Tokenizer
BPE

Embeddings
tokens → vectors

Transformer
N blocks

Linear+ 
Softmax

(scores → probs)

P(next token)
‘Run'



Top-k, top-p

Source: 
https://www.geeksforgeeks.org/artificial-intelligence/graph-based-semi-supervis
ed-learning/
 

https://www.geeksforgeeks.org/artificial-intelligence/graph-based-semi-supervised-learning/
https://www.geeksforgeeks.org/artificial-intelligence/graph-based-semi-supervised-learning/


Training: Data sampling 
(sliding window)

● How to trade off batch size, stride?

Source: Build a large language model (from scratch) by sebastian raschka



The training loop: forward 
pass, backward pass

Source: 
https://www.analog.com/en/resources/analog-dialogue/articles/training-convolutional-neural-networks-what-is-machine-learning-part-2.h
tml
 

https://www.analog.com/en/resources/analog-dialogue/articles/training-convolutional-neural-networks-what-is-machine-learning-part-2.html
https://www.analog.com/en/resources/analog-dialogue/articles/training-convolutional-neural-networks-what-is-machine-learning-part-2.html


How we got here

Four decades of trying to model sequences: each fix exposed the next limit
Leading question: What are the benefits of Transformer?

1980s · RNN
reads left to right, one state

1997 · LSTM
gates fix vanishing memory

2014 · Attention
look at ALL positions

2017 · Transformer
attention only — parallel



Fixed window neural networks

Source: Stanford NLP course. 



Recurrent Neural Networks

Why is RNN better than fixed window neural networks?

Source: 
https://datamapu.com/posts/deep_learning/rnn/ 

https://datamapu.com/posts/deep_learning/rnn/


Seq2Seq

Neural Machine Translation breakthrough

What’s the issue in Seq2Seq that’s addressed by Transformer?

Source: 
https://becominghuman.ai/building-a-seq2seq-transformer-model-for-language-translation-a-comprehensive-gu
ide-875bb7947ee6

  ; https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html 

https://becominghuman.ai/building-a-seq2seq-transformer-model-for-language-translation-a-comprehensive-guide-875bb7947ee6
https://becominghuman.ai/building-a-seq2seq-transformer-model-for-language-translation-a-comprehensive-guide-875bb7947ee6
https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


Seq2Seq with Attention

Source: https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html 

https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


“Transformer: Attention is All You Need”

- SOTA at neural machine 
translation task, then to other 
tasks…

- “Attention is All You Need”- 
what does author mean? (next 
slide)

Source: https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html 

https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


“Transformer: Attention is All You Need”

Source: https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html 

https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


Multi-head attention

Why do we need Wo?

Source: https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html 

https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


Transformer Architecture

we have a few things 
left:

● masked/causal 
self- attention

● position encoding
● residual 

connection
● layer 

normalization
● FFN

● We’ll cover them 
later…

Source: https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html 

https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


Example walkthrough

Checkout this visualization! https://poloclub.github.io/transformer-explainer/ 
(another one that visualize nanoGPT: https://bbycroft.net/llm  )

Please study transformers after class.
● Another visualization youtube: 

https://www.youtube.com/watch?v=wjZofJX0v4M 

Think about a few open questions:
● can we swap self-attention and cross-attention?
● why transformer becomes a mainstream model architecture?
● when to use encoder, or decoder, or encoder-decoder?

https://poloclub.github.io/transformer-explainer/
https://bbycroft.net/llm
https://www.youtube.com/watch?v=wjZofJX0v4M


LLM Gallery

Compare LLM architecture.
https://sebastianraschka.com/llm-archite
cture-gallery/#architecture-gallery
 

https://sebastianraschka.com/llm-architecture-gallery/#architecture-gallery
https://sebastianraschka.com/llm-architecture-gallery/#architecture-gallery
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