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Tokenization: text preprocessing step for preparing input for LMs and can
contribute to model performance

Pretraining (and tokenization) has an English-centric focus, although multilingual
tokenization are also used frequently (Chelombitko et al., 2024)

Hungarian is agglutinative, for instance, “szeretteinknek” = “for our loved ones”




Tokenization methods impact the performance of mono- and multilingual language
models (Chelombitko et al., 2024; Rust et al. 2021; Wang et al; 2025)

The Unigram LM achieved better results than BPE in both Japanese, English and
Arabic (Kudo, 2018; Qarah et al., 2024)

Integration of morphemes in the tokenization process improved the performance
(Labrak et al., 2024)

Increasing the vocabulary size improved language model performance (Mikaberidze et
al., 2024 )



Byte-Pair Encoding (BPE): Greedy merges of most frequent pairs

WordPiece: Merge based on language model likelihood, not frequency

Tokenization

algorithms Unigram LM: Top-down pruning from a large vocabulary using probabilistic

segmentation

Modified Unigram LM: Unigram LM, but initialized with morphemes from a
Hungarian morphological analyzer



Compare BPE, WordPiece, Unigram LM and the modified
Unigram LM tokenization methods / algorithms for Hungarian

Research goal language with different vocabulary sizes (16K, 32K, 64K and
128K).

Intrinsic and extrinsic metrics are used for evaluation, as well
as additional qua



Methods
Intrinsic metrics

Fertility: Measures the average number of tokens produced per
word in the input text

Corpus token count: Counts the total number of tokens generated
for the corpus

Normalized Sequence Length (NSL): Compares the compression of a
given tokenizer with respect to a baseline tokenizer

Bytes per Token: dividing the number of bytes by the number of
tokens

Additionally, morphological alignment was assessed.



Methods
Extrinsic metrics

16 models were trained, and we evaluated their training
performance (loss) as well as their accuracy on downstream tasks
using the Hungarian Language Understanding (HuLU) benchmark,
which includes

-  HuCOLA (Hungarian Corpus of Linguistic Acceptability)
-  HuCoPA (Hungarian Choice of Plausible Alternatives)

-  HURTE (Hungarian Recognizing Textual Entailment)

- HuSST (Hungarian Stanford Sentiment Treebank)

-  HuCB (Hungarian CommitmentBank)



RESULTS



Results
Segmentation
Comparison

Tokenizer Vocab Size Recall Precision F1l-score
16K 74.9% 53.4% 62.2%
BPE 32K 78.9% 63.9% 70.6%
64K 83.3% 73.2% 77.9%
128K 87.5% 81.2% 84.2%
16K 83.4% 52.6% 64.5%
Unieram LM 32K 81.2% 57.7% 67.4%
& 64K 80.0% 61.0% 69.2%
128K 79.1% 62.2% 69.6%
16K 69.1% 49.2% 57.4%
WordPiece 32K 76.8% 61.8% 68.4%
64K 82.6% 72.0% 76.9%
128K 87.4% 80.4% 83.7%
16K 96.2% 44.1% 60.46%
: ) 32K 96.4% 45.1% 61.45%
Moditied Unigram TM  Gorpe 96.5% 45.6% 61.93%
128K 96.3% 54.7% 61.98%




Results
Intrinsic Metrics
Evaluation

Tokenizer Vocab Fertility CTC Avg. BPT NSL
16K 1.759 3 175 144 336 4.622 0.576

. 39K 1.596 2 880 891 301 5.095 0.532
64K 1.479 2 669 717 316 5.498 0.485
198K 1.396 2 519 525 649 5.825 0.458

16K 1.911 3 447 805 725 4.957 0.625

Un M 39K 1.751 3 160 304 792 4.644 0.573
nigram 64K 1.656 2 988 280 812 4.911 0.542
128K 1.612 2 908 523 690 5.046 0.528

16K 1.847 3 333 802 410 4.402 0.605

S— 39K 1.646 2 970 159 465 4.941 0.539
orariece 64K 1.509 2 723 565 175 5.389 0.495
128K 1.414 2 551 888 975 5.751 0.464

16K 2.0684 10 078 253 490 3.9321 0.67

. . 39K 2.0058 9 773 358 537 4.0548 0.66
Medified Unigram LM /0 1.9821 9 657 837 432 4.1033 0.65
128K 1.9766 9 630 744 879 4.1148 0.65




Results
Pretraining

Loss
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Results
Downstream Task
Performance I.

Balanced accuracy
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Error bars show standard deviation across 6 runs. All scores are balanced accuracy.
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Results
Downstream Task
Performance lll.
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Results

Significance tests

Tokenizer Task H-stat p-value
HuCOLA 2.544 0.4673
HuCoPA 1.095 0.7782

BPE HuRTE 11.444 0.0096
HuSST 10.405 0.0154
HuCB 6.316 0.0972
HuCOLA 4.334 0.2276
HuCoPA 16.976 0.0007*

WordPiece HuRTE 0.569 0.9035
HuSST 5.469 0.1405
HuCB 13.690 0.0034
HuCOLA 4.729 0.1928
HuCoPA 18.071 0.0004*

Unigram LM  HuRTE 2.849 0.4156
HuSST 7.461 0.0586
HuCB 1.552 0.6704
HuCOLA 3.070 0.3810
HuCoPA 14.786 0.0020

Modified

Unigram LM HuRTE 0.471 0.9252
HuSST 4.972 0.1739
HuCB 1.552 0.6704

Vocab Task H-stat p-value
HuCOLA 3.221 0.3587
HuCoPA 4.929 0.1771
16K HuRTE 2.850 0.4153
HuSST 9.883 0.0196
HuCB 9.000 0.0293
HuCOLA 0.809 0.8473
HuCoPA 7.119 0.0682
32K HuRTE 0.641 0.8869
HuSST 3.823 0.2812
HuCB 2.875 0.4113
HuCOLA 0.372 0.9460
HuCoPA 18.070 0.0004*
64K HuRTE 1.114 0.7737
HuSST 4.929 0.1771
HuCB 1.593 0.6610
HuCOLA 2.046 0.5629
HuCoPA 14.786 0.0020
128K HuRTE 0.033 0.9984
HuSST 2.187 0.5346
HuCB 1.801 0.6147




Conclusions

BPE achieved the most compact segmentations and strongest
morphological alignment at larger vocabularies.

Modified Unigram LM achieved the best overall downstream
performance, but differences were small and largely not statistically
significant.

No single tokenizer universally dominated across all tasks and vocabulary
sizes.

In morphologically rich languages, tokenizer choice matters, but
vocabulary size and training scale may matter just as much.



Thank you for your attention!



