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Identifying Open Challenges in Language 
Identification (ACL 2025)

• Task: Map text into language (ISO 639-3) codes

Wer jammerje jo no oer? fry

Skal vi snakke lidt? dan



Collect



Cross-domain evaluation



Cross-domain evaluation



Other findings

• 10 characters is too small, 100 is enough
• Need 100 samples per language
• Not so important: number of languages, scripts, language families
• Release best models with 2,034 language coverage





DistaLs

• https://distals.streamlit.app/
• pip package
• python interface

https://distals.streamlit.app/
https://distals.streamlit.app/


3CPO

• Diversity-first language model
• GLOT500/mmBERT: last phase is multi-lingual
• We propose to prioritize diversity over data availability



3CPO

• Full DistaLs matrix (7856, 7856, 10) features
• 64 clusters
• Sample heuristics:

oEqual
oLargest: top-100 + smoothing
oOneCluster: largest lang. Of each cluster
oCluster: equal amount of each cluster
o (68,719,476,736 characters)



3CPO



3CPO

• Gemma3-1B
• Tokenizers from scratch (or not)
• 8 models



3CPO



From Bytes to Subwords: Challenges of Input 
Representations in NLP (ACL-findings 2026)
• Top-500 most downloaded language models (Huggingface)



From Bytes to Subwords: Challenges of Input 
Representations in NLP
• Regular expressions:



Diversity in subword segmenters

• There is not much diversity, arbitrary decisions propagate
• Internal diversity also limited



Normalization is lossy

• Previous work has shown that normalization can be beneficial
• Is it always? 
• Decode-encode test fails: (decode(encode(text))) == text
(Kudo and Richardson, 2018; Dagan et al., 2024; Jang et al., 2025)

Norm Count

NFC 264

NFD 29

NFKC 5

NFKD 1



Normalization is lossy

• Naïve Bayes, mixed-domain, 2,307 languages, 1,000 instances 
per language



UTF-8 is neither Fair nor Efficient



Desiderata

UTF 8
• Coverage
• Backwards compatibility

LM, at least:
• Coverage
• Efficiency
• Fairness (across scripts/languages)
• Relevant overlap for multi-byte 

characters



Redesigning UTF-8

A bit more previous work than I initially found:
• Back to Bytes: Revisiting Tokenization Through UTF-8 
• Bit-level BPE: Below the byte boundary
• BPE Stays on SCRIPT: Structured Encoding for Robust Multilingual 

Pretokenization



Proof of concepts

• Efficiency:
o10,000 characters for the 1,742 language-script combinations of 

Fineweb2
oSave 10% bytes by simple remapping

• Fairness:
oScript/category indices followed by character indices
oOverlap across character indices?
oScript-start/end "characters"?

• Unknown characters
• Our sample only contains 8,739/159,866 Unicode characters
• Bring back unknown token(s)?



Takeaways

• Subword segmentation strategies are not diverse
• Normalization should be used with care
• UTF-8 is suboptimal for language modeling



Thousand thanks!

















What are characters?

• In NLP: Unicode/UTF-8
o159,866 characters



What is Unicode?

• A database of characters
o "High" coverage 
• Backwards compatible (ASCII)

What is UTF-8?
• Encoding of Unicode characters to bytes

• Used on 98.3% of the websites indexed by W3C
• Uses variable byte length, ASCII is represented in 1 byte, but many 

characters use 2-4 bytes
• Consists of sequences of blocks that contains 1-n characters



Byte indexing and continuation bytes

00000001   1
00000010   2
00000011   3
…
11111111    256

0-128:     ASCII
128-256:  Continuation/unused



ASCII
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