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Proprietary Open-source
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A large language model (LLM) is:

A machine learning model trained on large amounts of (text) data to process and 
generate natural language, using contextual understanding through its large 
neural network architecture.
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The scientist wrote the …

𝑤1 𝑤2 𝑤3 𝑤4 𝑤𝑡+1 = 𝑤5

?



What are LLMs?
What do they do: Next-word-prediction

6/11/2026 Ruurd Kuiper - UMC Utrecht 13

The scientist wrote the …

paper

Bible

cookbook

revision

letter

𝑤1 𝑤2 𝑤3 𝑤4

𝑤𝑡+1 = 𝑤5



What are LLMs?

6/11/2026 Ruurd Kuiper - UMC Utrecht 14

The scientist wrote the …

paper

Bible

cookbook

revision

What do they do: Next-word-prediction

0% 10% 20% 30% 40%

Probability (%)

letter



What are LLMs?

6/11/2026 Ruurd Kuiper - UMC Utrecht 15

The scientist wrote the …

letter

paper

Bible

cookbook

What do they do: Next-word-prediction

0% 10% 20% 30% 40%

Probability (%)

revision



What are LLMs?

6/11/2026 Ruurd Kuiper - UMC Utrecht 16

What do they do: Next-word-prediction
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DATA: 

LOTS OF TRAINING ON LARGE 
DATASETS.

MODEL:

TRANSFORMERS AND THE 
ATTENTION MECHANISM

PREDICTION: 

PREDICTS THE NEXT TOKEN 
BASED ON CONTEXT.
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Neural network
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Prediction Actual

Neural network
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Prediction Actual

Neural network

Loss
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Prediction Actual

Neural network

LossOptimizer
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The ‘architecture’ is the way we connect the neurons

Transformer
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• Let’s walk through the

architecture step-by-step…

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

architecture step-by-step…

Just kidding!

Input
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• Embedding

• Attention

• Prediction

Attention

Prediction

Embedding

Attention

Input
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Embedding

Input
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Tokenizer
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Tokenizer

Map to ID
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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

For example: N = 4096 for Llama 3
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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

… … … … … …
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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

… … … … … …

Source of bias!
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Images by Adrian Colyer: https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/
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Images by Adrian Colyer: https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/
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Images by Adrian Colyer: https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/
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Input
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Query – Key - Value

Input
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Query: What we’re focusing on (a "question").

Key: What each piece of information is about (a "tag").

Value: The actual information stored.

Embedding

vector
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Embedding

vector

Query – Key - Value
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Source: https://www.comet.com/site/blog/explainable-ai-for-transformers/



How Do LLMs Work: Model
What does that get us? Attention!

6/11/2026 Ruurd Kuiper - UMC Utrecht 58

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

Meaning + Attention = Understanding?
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Why is this important to know?

Source: https://www.comet.com/site/blog/explainable-ai-for-transformers/
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Risks
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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/
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The whole cycle
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The whole cycle
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Applications (sorted by risk)
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LLMs in Healthcare
Not everything is text!
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Image from: https://www.databricks.com/blog/2021/07/19/unlocking-

the-power-of-health-data-with-a-modern-data-lakehouse.html



LLMs in Healthcare
Multi-modal models
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Image from: https://www.databricks.com/blog/2021/07/19/unlocking-

the-power-of-health-data-with-a-modern-data-lakehouse.html

Image from: https://www.linkedin.com/pulse/multimodal-generative-ai-tarun-sharma-zzf9c/



LLMs in Healthcare
Big promises, small steps?
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Med-Palm 2: Clinical Multi-modal LLM 
Singhal, K., Azizi, S., Tu, T. et al. Large language models encode clinical
knowledge. Nature 620, 172–180 (2023). https://sites.research.google/med-palm/

https://sites.research.google/med-palm/
https://sites.research.google/med-palm/
https://sites.research.google/med-palm/
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Any questions?
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