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Who am I?

2025-…       Postdoctoral researcher at KU Leuven 
2026-…        Lead AI scientist at Pleias 🇫🇷 
2024-2025  LLM engineer at Aleph Alpha (acc. by Cohere) 🇩🇪 
2023           Apple 🇬🇧 
Postdoc and PhD @ KU Leuven’s DTAI research group  

First author of our RobBERT model

state-of-the-art Dutch BERT language model, 4M+ downloads 

Researching large language models training

Everything from tokenization, synthetic data, model training to LLM inference 

Expert advisor for the EU’s AI Act Code of Practice

and prev. inaugural member of the KU Leuven GenAI board 
and technical advisor in a strategic litigation case against companion AIs
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EU AI Office’s Network of Evaluators Workshop, April 2025



How large language models work
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Generating text with LMs
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is aHe giraffe

is a giraffeHe

Causal LM
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isHe

Causal LM

isHe

📘Training data 
What a model learns

Tokenizer 
How a model understands text

Attention mechanism 
Each word affects the other words

‘Heads’ of a language model 
How a model predicts the next word

Parts of a language models
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Large training corpuses are used
with a large focus on English
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📘
One book 

40-50k tokens
One bookshelf 
1.6M - 2.5M tokens

One LLM training set 
2.5T - 6T tokens 

~2 500 000 bookshelves
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Tokenizing the training data
an example
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No, I am not a giraffe.
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No, I am not a giraffe.

Tokenizing the training data
an example
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Models are created for English first
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EN
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Models are created for English first
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NL

DE

EN
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Models are created for English first
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NL

DE

EN → 1.09 x words

→ 1.50 x words

→ 1.50 x words
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No, I am not a giraffe.

Tokenizing the training data
an example

[2822, 11, 358, 1097, 539, 264, 37370, 21223, 13]
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314: _I

37370: _gir
21223: affe

No, I am not a giraffe.

[2822, 11, 358, 1097, 539, 264, 37370, 21223, 13]

Tokenizing the training data
an example
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Embeddings capture meaning
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Giraffe
0.9 0.10.10.50.4 0.10.0

Horse
0.8 0.10.20.50.4 0.20.0
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Embeddings capture meaning
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Giraffe
0.9 0.10.10.50.4 0.10.0

Horse
0.8 0.10.20.50.4 0.20.0

“Size”
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Embeddings capture meaning
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Giraffe
0.9 0.10.10.50.4 0.10.0

Horse
0.8 0.10.20.50.4 0.20.0

“Personhood”
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Embeddings capture meaning
but it is not interpretable to us directly
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Giraffe
0.9 0.10.10.50.4 0.10.0

Horse
0.8 0.10.20.50.4 0.20.0

???
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Similar embeddings are close
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Giraffe

Horse

Sweden

Norway

Queen

King
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Similar embeddings are close
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⏺  Horse
⏺  Giraffe

Giraffe

Horse

Sweden

Norway

Queen

King

⏺  Queen
⏺  King

⏺  Norway

⏺  Sweden

⏺  Denmark

⏺  Belgium
⏺  South Africa

⏺  Woman
⏺  Man
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Similar embeddings are close
word embeddings
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LLMs use context to learn embeddings
to address polysemy
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Bank

🏦
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Bank Bank

🏦 🌁

LLMs use context to learn embeddings
to address polysemy
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Attention layers

robs aHe

Bank

bank

Bank Bank

🏦 🌁

LLMs use context to learn embeddings
to address polysemy
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Attention layers

robs aHe

Bank

bank

Bank Bank

🏦 🌁

LLMs use context to learn embeddings
to address polysemy
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Next token pred.

Attention layers

robs aHe

Bank

bank

LLMs use context to learn embeddings
to address polysemy
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is aHeHe

It is the tallest living terrestrial animal.

giraffe.

Giraffes live in herds.

IUCN recognises one species of giraffe.

giraffe
doctordoctor

runrun
aa

defends
giraffe
doctordoctor

runrun
aa

defends

Predicting the next token
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Multimodal language modeling
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Multimodal language modeling
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Multimodal language modeling
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Multimodal language modeling
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Instruction tuning

34

Teaching language models to follow conversations

Base model
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Instruction tuning
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Teaching language models to follow conversations

<s>[INST] Label the following sentence as positive 
or negative... [/INST]" 
"Well, Positive. The sentence expresses a liking 
for …</s> " 
"[INST] And this sentence: “…” [/INST]

Base model Instruction-tuned model 
with chat-templates



Data security & sovereignty
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Where does your data go?
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Your device
prompts, documents,

client data, ...

Cloud servers
US, often no EU entity

OpenAI, Google, Anthropic, ...

your prompt + context

generated response
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Where does your data go?
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Your device
prompts, documents,

client data, ...

Cloud servers
US, often no EU entity

OpenAI, Google, Anthropic, ...

your prompt + context

generated response

1. Data might be used for training


2. Subject to US jurisdiction (CLOUD act)


3. No guarantee of confidentiality (beroepsgeheim)


4. GDRP compliance when dealing with personal data?
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Where does your data go?
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Your device
prompts, documents,

client data, ...

Cloud servers
US, often no EU entity

OpenAI, Google, Anthropic, ...

your prompt + context

generated response

1. Data might be used for training → Do not use free tiers


2. Subject to US jurisdiction (CLOUD act)


3. No guarantee of confidentiality (beroepsgeheim)


4. GDRP compliance when dealing with personal data?
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Our ChatGPT conversations are not ours
US authorities have wide reach into our data and AI conversations

40→ so we want to run models “locally”
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Open models lag very little behind the state-of-the-art
For EN

41Luke Emberson (2025), "Open-weight models lag state-of-the-art by around 3 months on average". Published online at epoch.ai.



Intro in LLMs — ieter.ai

Larger models achieve better performance
For NL
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Small models can run locally
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☹
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… but deployment costs skyrocket for capable models
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320 H100 GPUs at $40k → $12 million



Model quality
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Smaller models are less capable but increasingly less so
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Frontier (closed) models are ahead
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Frontier (closed) models are ahead
especially for coding
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Hallucinations and  
retrieval augmented generation
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Semantic search

50

I want to get a 
loan for a car
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Semantic search
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⏺  Opening savings account
⏺  Opening checking account

⏺  Creating a new account

⏺  Credit card stolen
⏺  Debit card stolen

⏺  Visa fraudulent transaction
⏺  MC fraudulent transaction

⏺  Car loan
⏺ 

I want to get a 
loan for a car
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Retrieval augmented generation (RAG)

52https://pieter.ai/blog/2023/dutch-chat-toolkit/

AI-generated fake “facts”: hallucinations
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Retrieval augmented generation (RAG)

53https://pieter.ai/blog/2023/dutch-chat-toolkit/
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… but not a silver bullet
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… but not a silver bullet

55https://storage.courtlistener.com/recap/gov.uscourts.nysd.575368/gov.uscourts.nysd.575368.32.1_1.pdf
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… but not a silver bullet

56https://storage.courtlistener.com/recap/gov.uscourts.nysd.575368/gov.uscourts.nysd.575368.32.1_1.pdf

→ Hallucinations are inherent to LLMs

Magesh et al. (2024). Hallucination-Free? Assessing the Reliability of Leading AI Legal Research Tools
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Modern models do not hallucinate a lot
But not 0%

57
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Models might lack context
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Models might lack context
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Models might lack context
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Our values



Chinese Deepseek is a great model



Chinese Deepseek is a great model, but…



Intro in LLMs — ieter.ai

Model values align with 
the creator’s values
Training data is curated

64Maarten Buyl et al. (2024). “Large Language Models Reflect the Ideology of their Creators”

https://arxiv.org/search/cs?searchtype=author&query=Buyl,+M
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Model values align with 
the creator’s values
Training data is curated

65Maarten Buyl et al. (2024). “Large Language Models Reflect the Ideology of their Creators”

https://arxiv.org/search/cs?searchtype=author&query=Buyl,+M


Closing thoughts & demo
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Closing thoughts
How can we trust AI outputs?

• Give the model enough context: locations, documents, etc..


• Don’t use AI as the only source: it’s not a search engine (but it can use one)


• Don’t share client information or personal data on free tiers


• Monitor what the model does: tool calls, web search, asking questions,…

67
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