
Add an image

1. Click on the icon in the center of 
the image area

2. Select an image. Note: Use a 
landscape image

3. Click ‘Insert’ and the image will 
be placed

Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Crop an image

1. Click on the placed image and 
then select the tab ‘Image 
Format’

2. Click on the ‘Crop’ button 

3. You can now fit the image in 
two ways:

a. Drag the photo in such a way 
that the part that should be 
visible in the image plane is 
correct

b. With the white dots you can 
make the image larger or 
smaller in such a way that the 
part that should be visible in 
the image plane is correct

LLMs in Healthcare – Day 2

Ruurd Kuiper – Julius Center, UMCU 

Transformers and training

Image source: datasciencedojo.com



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

News update

2



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Contents day 2

1. Presentations from day 1
2. Quick recap: What do LLMs do?
3. How do LLMs work?

Short break

4. Transformer architecture essentials
5. Tutorial: Building and training an LLM

Lunch

6. Practical: Build and train your own LLM
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Why do we need to know how these models work?

Today we get an in-depth understanding of the inner workings of large 
language models, and more broadly speaking foundation models in 
general.

We need to know how these models work, to know what their 
capabilities and limitations are. But maybe even more important, we 
need to understand what their RISKS are.
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

What are LLMs?

5

A large language model (LLM) is a deep learning neural network 
trained on large (text) datasets to learn statistical patterns of 

language enabling it to generate text by predicting the mostly likely 
next token in a sequence.

They can exhibit emergent capabilities such as contextual 
understanding (?) and reasoning (?), allowing them to perform diverse 

tasks without task-specific training



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

What’s so special about transformers?

The transformer is the main component of almost all currently popular 
and available large language models.

This was not always the case, as before we had: 
• CNNs for image data
• RNNs, and LSTMs for sequence data

However, these did not capture the long range dependencies well 
enough. 

So, what’s different about the transformer architecture? What causes 
this model to be so much more powerful? 
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

What do LLMs do?
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

What do LLMs do?

8

The scientist wrote the …

𝑤1 𝑤2 𝑤3 𝑤4 𝑤𝑡+1 = 𝑤5

?



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

What do LLMs do?

9

The scientist wrote the …

paper

law

cookbook

revision

letter
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𝑤𝑡+1 = 𝑤5



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

What do LLMs do?

10
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level
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What do LLMs do?
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

0% 10% 20% 30% 40%

Probability (%)

What do LLMs do?
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work?

13

Neural network



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? – Neural networks

14

Neural network



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

0% 20% 40%

How do LLMs work? – Prediction
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Prediction

Neural network



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? - Loss

16
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Neural network
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? - Loss
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Actual

Neural network

0% 20% 40%

Prediction

0% 50% 100%

Loss



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? – Cross-entropy loss

18

Actual

0% 20% 40%

Prediction

0% 50% 100%

Loss

Measures how well predicted predicted distribution matches true 
distribution.

• Predicted distribution = soft-maxed output logits.
• True distribution = one-hot vector with actual token. 

Where:
𝑉= vocabulary size
𝑦𝑖= ‘true probability’ for token 𝑖
𝑝𝑖= predicted probability for token 𝑖

But since 𝑦𝑖 = 100% = 1 for the actual token and 0 everywhere else:



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? - Training

19
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Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? - Optimization
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LossOptimizer

Actual

Neural network

0% 20% 40%

Prediction

0% 50% 100%

Cross-entropy



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? - Training

21

LossOptimizer

Actual

Neural network

0% 20% 40%

Prediction

0% 50% 100%

Cross-entropySGD or Adam

Feature SGD Adam

Learning rate Global Adaptive per parameter

Momentum Optional Built-in (1st moment)

Handles sparse gradients Poorly Very well

Convergence speed Slower Faster

Final generalization Often better Sometimes worse

Hyperparams lr=0.01 lr=1e-3, β₁=0.9, β₂=0.999



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? - Training
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Actual

Neural network

0% 20% 40%

Prediction

0% 50% 100%

Cross-entropySGD or Adam



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? - Training
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Actual

Neural network

0% 20% 40% 60%

Prediction

0% 50% 100%

LossOptimizer

SGD or Adam Cross-entropy



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Transformer

How do LLMs work? - Transformers



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

The ‘architecture’ is the way we connect the neurons

Transformer

How do LLMs work? - Transformers



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Let’s walk through the architecture step-by-step…

Transformer

How do LLMs work? - Transformers



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

30

Core technical concepts
Encoder-decoder

Originally, most models were 
encoder or encoder-decoder 
models Encoder

Decoder



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

31

Core technical concepts
Encoder-decoder

Source: https://www.youtube.com/watch?v=wOcbALDw0bU



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Originally, most models were 
encoder or encoder-decoder 
models

33

Core technical concepts
The transformer architecture



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? - Transformers



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? - Transformers

However, nowadays all LLMs only use 
decoders!

Encoder

Decoder



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? - Transformers

However, nowadays all LLMs only use 
decoders!

Decoder



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? - Transformers

However, nowadays all LLMs only use 
decoders!

Input

Decoder



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Almost all generative LLMs 
use the same (decoder-
only) architecture!

38

Core technical concepts
The transformer architecture

Source: https://magazine.sebastianraschka.com/p/the-big-llm-architecture-comparison



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Three main components:

• Embedding

• Attention

• Prediction

Input

Attention

Prediction

Embedding

How do LLMs work? - Transformers



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? - Embedding

Input

Embedding



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Tokenizer

How do LLMs work? - Tokenization



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Tokenizer

Map to ID

How do LLMs work? – Token IDs



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Token IDs

Try it yourself!

platform.openai.com/tokenizer

tokenizer.model.box

Try (for example):
• A very long word
• A very short word
• Words in a different language 
• Punctuation marks

http://platform.openai.com/tokenizer


Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Token IDs



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

1 0.02 0.93 0.04 0.02 0.94

2 0.01 0.80 0.40 0.01 0.21

3 0.01 0.21 0.60 0.01 0.83

N … … … … …

Vector embedding (learned!)

For example: N = 4096 for Llama 3

How do LLMs work? – Vector embedding



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Vector embedding

The King loves the Queen

… … … … … …

Royalness 0.02 0.93 0.04 0.02 0.94

Menliness 0.01 0.80 0.40 0.01 0.21

Womanliness 0.01 0.21 0.60 0.01 0.83

… … … … … …

Vector embeddings are learned

Vector embeddings give meaning to tokens



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Vector embedding

The King loves the Queen

… … … … … …

Royalness 0.02 0.93 0.04 0.02 0.94

Menliness 0.01 0.80 0.40 0.01 0.21

Womanliness 0.01 0.21 0.60 0.01 0.83

… … … … … …

Vector embeddings are learned

Vector embeddings give meaning to tokens

They can also be a source of bias!



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Vector embedding

The King loves the Queen

… … … … … …

Royalness 0.02 0.93 0.04 0.02 0.94

Menliness 0.01 0.80 0.40 0.01 0.21

Womanliness 0.01 0.21 0.60 0.01 0.83

… … … … … …

Vector embeddings are learned

Vector embeddings give meaning to tokens

They can also be a source of bias!

Where does this bias come from?



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Vector embedding

Images by Adrian Colyer: https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/

Vector embeddings have interesting interconnections… 



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Vector embedding

Images by Adrian Colyer: https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/

projector.tensorflow.org
tokscope.site

For people that want to work on classification using embeddings, check out this page: 
https://platform.openai.com/docs/guides/embeddings

Vector embeddings have interesting interconnections… 

http://projector.tensorflow.org/
https://tokscope.site/


Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Attention

Input

Attention



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Query-Key-Value

Query – Key - Value

Input

Attention



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Query-Key-Value

Query: represents what the current token is looking for.

Key: represents what each token offers that matches a query.

Value: contains the information to be passed along once 

attention is assigned.

Embedding

vector



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Query-Key-Value

Embedding

vector

Query – Key - Value



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Attention

Source: https://www.comet.com/site/blog/explainable-ai-for-transformers/



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Attention

Source: https://www.comet.com/site/blog/explainable-ai-for-transformers/



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Attention

Source: https://www.comet.com/site/blog/explainable-ai-for-transformers/

Meaning + Attention = Understanding?



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Risks 

Why is this important to know?

Source: https://www.comet.com/site/blog/explainable-ai-for-transformers/



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

How do LLMs work? – Risks

Why is this important to know?

To understand the risks you need to understand the sources of error

Source: https://www.comet.com/site/blog/explainable-ai-for-transformers/



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

From yesterday: example of learning bias

60



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

From yesterday: example of learning bias

61



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

From yesterday: example of learning bias

62



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

4. Our research on LLMs: A motivating example

63



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work?

64
Input

‘N’ times, with N the number 
of transformer layers



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? – Prediction

65

Input

Prediction

Final output layer:
• Transformer layers output final embedded vector.
• Linear (output) layer converts embedding to a score

for each token in the vocabulary
• These scores are called logits.

Softmax function:
• Softmax turns logits into probabilities for each token in 

the vocabulary
• All probabilities will sum to 1.
• Token is chosen from multinomial distribution using 

argmax, top-p, top-k and/or temperature



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? – Prediction

66

Input

Prediction

Top-k sampling: 

• Keep only the k most probable next tokens

• Controls vocabulary size considered (e.g., k = 10).

Top-p sampling: 

• Keep the smallest set of tokens whose cumulative probability ≥ p

• Controls cumulative probability (e.g., p = 0.9).

Temperature (T): 

• Divides logits before softmax by a factor T

• Lower T < 1  => more deterministic

• Higher T > 1    => more random.



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work? – Prediction

67

Input

Prediction



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Knowledge quiz!

68https://www.menti.com/alws5w7igmes

Code: 7935 2831



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

How do LLMs work?

69

Two online visualizations

Transformer explained: https://poloclub.github.io/transformer-explainer/

Model architecture: https://bbycroft.net/llm

We will use these while we go through the code!

https://poloclub.github.io/transformer-explainer/
https://poloclub.github.io/transformer-explainer/
https://poloclub.github.io/transformer-explainer/
https://bbycroft.net/llm


Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Build Your Own Large Language Model

1. Data
2. Tokenization
3. Embedding (vectorization, positional encoding)
4. Attention
5. Training
6. Validation and test
7. Next-word-prediction

LINK TO NOTEBOOK

70

https://colab.research.google.com/drive/1htlcbwShCr2xfoIpWwkqvU9Alq1dqqk_?usp=sharing


Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Data

First step is to load a dataset to learn from.

A few examples have been preloaded, you can add more if you like.

We load all data to one long string so we can conveniently cut it up 
into smaller pieces later.

71



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Data

72



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Tokenization

Next, we tokenize the dataset.

In this toy example, we assign a token to each letter.

Most LLMs use ‘sub-word’ tokenization.

73



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Tokenization

74



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Tokenization

75



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Embedding (vectorization)

76



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Embedding (positional encoding)

77

𝑃𝐸 𝑝𝑜𝑠2𝑖 = sin
𝑝𝑜𝑠

10000
2𝑖/𝑑model

𝑃𝐸 𝑝𝑜𝑠2𝑖 + 1 = cos
𝑝𝑜𝑠

10000
2𝑖/𝑑model

𝒑𝒐𝒔: index of token position in the sequence (e.g., 0 for the first 
token, 1 for the second, and so on).

𝒊: This is the index of the dimension within the embedding vector. It 
ranges from 0 to 𝑑model/2 − 1 .Notice that each pair of 

dimensions 2 𝑖2𝑖 + 1 uses the same frequency but different 
functions (sine and cosine).

𝒅model :This is the dimensionality of the input embeddings (and 

also the dimension of the positional encoding vector). A typical value 
might be 512 or 768.

𝟏𝟎𝟎𝟎𝟎: This value is a hyperparameter chosen by the authors; it 
determines the range of frequencies used.



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Embedding (positional encoding)

78



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Embedding (positional encoding)

79



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Attention layers

Query-key-value

80

Embedding

vector

Query – Key - Value



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Attention layers

81



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Attention layers

82

Query – Key - Value



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Attention layers

83

Query – Key - Value



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Output

84

Input

Prediction

Final output layer:
• Transformer layers output final embedded vector.
• Linear (output) layer converts embedding to a score

for each token in the vocabulary
• These scores are called logits.

Softmax function:
• Softmax turns logits into probabilities for each token in 

the vocabulary
• All probabilities will sum to 1.
• Token is chosen from multinomial distribution using 

argmax, top-p, top-k and/or temperature



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Output

85

Final output layer:
• Transformer layers output final embedded 

vector.
• Linear (output) layer converts embedding to a 

score
for each token in the vocabulary

• These scores are called logits.



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Building the model

86
Input



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Building the model

87
Input



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Building the model

88
Input



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Building the model

89Input



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Batching
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Batching:

• Group samples for parallel processing -> more efficient training

• Larger batches smooth out gradients -> less noisy training
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sub-heading or bullets
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turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Generation
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Generation function
• Prediction: 

Model takes recent tokens as input.
• Temperature: 

Scales logits; higher T means more random 
sampling.

• Softmax:
From logits to probabilities

• Sampling: 
Multinomial distribution is used to choose the 
next token. (could also be highest prob. token!)

• Loop: 
Process repeats until max length is reached. 
(could also be a stopping token!)



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

BYOLLM: Training
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Transformer Training: Settings and Loop
• Hyperparameters: Learning rate and batch size 

are important for convergence.
• Optimizer: Adam algorithm adjusts model learn 

rate according to individual parameters 
gradients. 

• Loss Function: CrossEntropy calculates the 
prediction error.

• Update model: Optimizer uses loss to calculate 
gradients and update model.

• Evaluation: Validation loss checks performance 
on unseen data.



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Practical: BYOLLM

Now it’s your turn!

You can find instructions and questions on Canvas

CHALLENGES:

- Try running your model using the GPU for a major speed-up!
- Get the best validation loss on a dataset by tuning hyperparameters

(compare with colleagues!)
- Make your model generate deterministically
- Try both character and sub-word tokenization (what works best?)
- With sub-word tokenization, try one of the new, larger datasets!
- Find, load and train your own dataset from Huggingface

LINK TO NOTEBOOK (subword tokenization)
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https://colab.research.google.com/drive/19It_oG1Pmka3fH4xCfp8eQIbCSWQY5Bz
https://colab.research.google.com/drive/19It_oG1Pmka3fH4xCfp8eQIbCSWQY5Bz
https://colab.research.google.com/drive/19It_oG1Pmka3fH4xCfp8eQIbCSWQY5Bz
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