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Language modeling

1. Autoregressive language modeling 
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RobBERT

https://pieter.ai/robbert/
3M+ downloads
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BERT-style models remain more efficient for Dutch NLU
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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

[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



How does a tokenizer work?

Training LLMs beyond English



DTAI

Tokenization
Translates a sequence of text to a sequence of numbers 

Typically not morphological, but preprocessing+occurrences: 
• Splitting on spaces (including a separator _ or join ##)  
• BPE or wordpiece for constructing a merge graph
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Example

13Slides credit of Thomas Bauwens: BPE-Knockout



DTAI

Example

14Slides credit of Thomas Bauwens: BPE-Knockout



DTAI

Example

15Slides credit of Thomas Bauwens: BPE-Knockout



DTAI

Example

16Slides credit of Thomas Bauwens: BPE-Knockout



DTAI

Example

17Slides credit of Thomas Bauwens: BPE-Knockout



DTAI

Example

18Slides credit of Thomas Bauwens: BPE-Knockout



DTAI

Example

19Slides credit of Thomas Bauwens: BPE-Knockout



DTAI

Example

20Slides credit of Thomas Bauwens: BPE-Knockout



DTAI

Example
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Problem: morphemes are merged together

22https://pieter.ai/bpe-knockout/
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Problem: morphemes are merged together

23https://pieter.ai/bpe-knockout/

314: _I

37370: _gir
21223: affe_horses

314: _I

37370: _gir
21223: affe

            hoe
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Morphology

24

✔  splitting on words is logical 
✔  most words end up being a token

in English
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Morphology
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✔  splitting on words is logical 
✔  most words end up being a token

in English in German

✖ doesn’t work for fusional and agglutinative languages 
✖ splits are on unintuitive positions 
✖ not following morphology 
✖ shorter token types, so less meaning in embeddings
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Fertility: the cost of poor tokenization
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EN
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NL

DE

EN

Fertility: the cost of poor tokenization
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NL

DE

EN → fertility = 1.09

→ fertility = 1.50

→ fertility = 1.50

Fertility: the cost of poor tokenization
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NL

DE

EN → fertility = 1.09

→ fertility = 1.50

→ fertility = 1.50

Fertility: the cost of poor tokenization

RobBERT’s tokenizer → fertility = 1.20



How does a tokenizer work?

Training LLMs beyond English
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Training from scratch 
GPT-NL… one day?

Finetuning 
GEITje, …

Prompting 
Mistral with Dutch  

prompts

Chance of generating Franken-Dutch

Increasing training cost

?

English tokenizerDutch tokenizer

LoRA finetuning 
“BLOOM-NL”, …
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Geitje-7b
First Dutch LLM
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Geitje-7b
First Dutch LLM that got taken down by Brein

• Trained on ‘gigacorpus’


• A torrent with gigabytes of Dutch books


• Gigacorpus got taken down by Brein already 

33https://tweakers.net/nieuws/231254/ontwikkelaar-haalt-taalmodel-geitje-offline-na-verzoek-stichting-brein.html



Trans-Tokenization: remapping the embeddings layer
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RobBERT-2023: a converted Dutch MLM

35pieter.ai/robbert-2023; dumbench.nl



Tweeties: a series of monolingual LLMs
• Pretrained 7B models 
• Monolingual LLMs for 

Dutch, Armenian, Italian 
and Tatar 

• Mid-resource and low-
resource languages

36pieter.ai/tweety-7b-dutch/
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Training from scratch 
GPT-NL… one day?

Finetuning 
GEITje, …

Prompting 
Mistral with Dutch  

prompts

Chance of generating Franken-Dutch

Increasing training cost

Trans-tokenization 
Tweety-7B-dutch

English tokenizerDutch tokenizer

LoRA finetuning 
“BLOOM-NL”, …
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ChocoLlama
More effort to curate high-quality data
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• OSCAR: 93 GB (28.6B tokens) - Common Crawl dump


• Open Subtitles: 5 GB (1.54B tokens)


• Wikipedia: 2.5 GB (769M tokens) 


• Job Descriptions: 1.5 GB (462M tokens) - TechWolf


• Staatsblad: 1.4 GB (431M tokens) - Bizzy


• Project Gutenberg: 0.3 GB (92M tokens) - 970 books


• Legislation: 0.2 GB (62M tokens) - ML6

Meeus, Rathé, Remy, Delobelle, Decorte, Demeester. "ChocoLlama: Lessons Learned From Teaching Llamas Dutch" (2023)
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ChocoLlama
More effort to curate high-quality data

40www.tijd.be/ondernemen/technologie/computerwetenschappers-bouwen-vlaams-ai-model-chocollama/10585956.html

Computerwetenschappers bouwen Vlaams AI-model ChocoLlama
06 februari 2025 16:48

• OSCAR: 93 GB (28.6B tokens) - Common Crawl dump


• Open Subtitles: 5 GB (1.54B tokens)


• Wikipedia: 2.5 GB (769M tokens) 


• Job Descriptions: 1.5 GB (462M tokens) - TechWolf


• Staatsblad: 1.4 GB (431M tokens) - Bizzy


• Project Gutenberg: 0.3 GB (92M tokens) - 970 books


• Legislation: 0.2 GB (62M tokens) - ML6
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All our models are publicly available
Model weights on Hugging Face
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What’s next?
What do we need for the next generation of Dutch LLMs?
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• Data: instruction-tuning, more domains, RL
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What’s next?
What do we need for the next generation of Dutch LLMs?

• Data: instruction-tuning, more domains, RL


• Bigger models? 🤷


• Better generative benchmarks
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Slides available: pieter.ai/appearances.html
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