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Tokenization: Why Care?

Tokenization is at the heart of a lot of LLM weirdness.
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Tokenization: Why Care?

Three Perspectives:
1. ML Engineer
2. The Linguist
3. NLP Researcher, balancing both extremes
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Perspective 1: ML Engineer

Why can’t LLMs spell words? Why can’t LLMs reverse a string?
Why is Llama3 rude? Tokenizers, the one thing that can’t be
changed without retraining.
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Perspective 2: The Linguist

▶ Two general views on morphology: decompositional or
non-decompositional. Most Cambridge researchers assume
the former (and are probably right...)

▶ What is Morphology? Syntax all the way down, a module in its
own right ...
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Perspective 3: The NLP Researcher

Even when more data is available, Linguistics can be of
value: it can inform [...] more language-balanced to-
kenization (Creutz and Lagus, 2002; Limisiewicz et al.,
2024; Fusco et al., 2024). From OPITZ ET AL. (2025),
Natural Language Processing RELIES on Linguistics
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https://direct.mit.edu/coli/article/51/3/1009/128736/Natural-Language-Processing-RELIES-on-Linguistics


Subword Tokenization

▶ BPE, WordPiece and UnigramLM
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Subword Tokenization: BPE
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Subword Tokenization: WordPiece

WordPiece is the tokenization algorithm Google developed to
pretrain BERT. It’s very similar to BPE in terms of the training, but
the actual tokenization is done differently.
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Subword Tokenization: UnigramLM

Unigram LM tokenization takes the vocabulary V and unigram LM
parameters and performs Viterbi inference to decode the
segmentation with maximum likelihood under θ .
In contrast to the bottom-up construction process of Byte Pair
Encoding, it begins with a superset of the final vocabulary, pruning it
to the desired size.
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Subword Tokenization: UnigramLM
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Pretokenization

Liu et al (2025) SuperBPE
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Non-Canonical Tokenizations

→ Cao & Rimmell (2021). (Figure from Zheng et al (2025, NEURIPS))
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https://aclanthology.org/2021.emnlp-main.161/
https://arxiv.org/pdf/2506.19004


Through the Looking Glass of BPE Compression

Gutierrez-Vasques, Bentz & Samardžić (2023)
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https://aclanthology.org/2023.cl-4.5/


Intrinsic Evaluation

ByteSpan (Goriely, Salhan, Lesci, Cheng & Buttery 2025)
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https://arxiv.org/pdf/2506.18639


MorphScore

Table 1 illustrates how MorphScore is computed.

Language Word Segmentation Tokenizer Output / Score

Basque aldiz aldi + z [al, diz] → 0
[aldi, z] → 1

Croatian suučeśnika suučeśnik + a various segmentations → 0

Icelandic samrás samrá+ s [samra, s] → 1

Greek + [, , , ] → 1

Table: Example MorphScore calculations for several languages.
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MorphScore Results

Arnett et al (2025)
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https://arxiv.org/abs/2507.06378


Handling Script-Diversity

Slide from Sander Land (2025)
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Handling Script-Diversity

Slide from Sander Land (2025)
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Tokenization Research in a Downstream World

Yuval Pinter’s ICML TokShop Keynote
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Tokenizer-Free?

Blogpost: In Defense of Tokenizers
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https://huggingface.co/blog/catherinearnett/in-defense-of-tokenizers


Why Care about Tokenizers?

▶ Safety: E.g., glitch tokens. A while back people noticed some
strange tokens in GPT-J ( GPT-2) (“ RandomRedditorWithNo”,
“davidjl”, “ SolidGoldMagikarp” and “BuyableInstoreAndOnline”)
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