Contextual morphologically-guided
tokenization for Latin encoder models
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- Tokenization J ordpiece is more Sigmorphon (Act) __ LEMLAT (Cho
: - — - —
a//gned to gold - : —— EM % s Fer’rlll’rgllo EM % s Fer’rlll’rz/87
i IoN° defi it ' T ' morphological aseline ' ' ' '
Pre'r.oken.lza'rlo.n. define The initial “processing units” upon W.hICh the P , E? " MorphSeed ULM 203 3.09 12.1 189
tokenizers will be trained. Tokenizers cannot merge across these units EeLgi\Te” arions than Actx ULM 9.89 319 65.1 236
. L Ctx ULM 9.34 3.20 71.9 2.41
Sentence: fana atque domos spoliari Baseline WP 360 > 84 0.1 177
Baseline MorphPreTok: MorphSeed WP 3.46 2.76 20.2 1.77
Solit by whit ] , | guarantees high Actx WP 8.45 2.67 75.5 2.13
1 Split by whitespace and/or punc [fana atque domos spoliar] alignment with the Ctx WP 8.28 2.65 84.3 2.18
gold gold=2.49 gold=1.94
Morpheme-Based
1 Run morphological analyzer 5OS-t Co?TexTuaI
on each word 2 ~1dg senhience i A
[
Results: Overall
Acontextual fana afque  domos spoliari - o
2 Use fi , , y o f 505 Consistent improvement on _ Morph NER WSD AV
se TIrst segmentation given 3 Use segmentation tor correct syntax-level tasks Baseline ULM 89.46 65.89 6179 6127
Analysis 1 Analvsis 2 MorphSeed ULM 892.51 66.54 5934 64.23
ysl R *
SegmenToTion: SpO/iCJI’ - Segmen']'qﬂon; Spo//' -qri MOrph PreTok shows Actx ULM *90.98 *73.52 0.85  063.65
POS: Noun 5OS: Verb stronaest agins Ctx ULM 91.00 *73.07 5947 67.28
' gest g Baseline WP 89.86 66.15 5899 65.40
2 Split by moroheme 4 Split by moroheme L MorphSeed WP 89.82 6772 61.65 66.01
PITBY MOTP PIT LY MOTH | signficant compared fo Actx WP *91.09 *69.47 61.08 63.38
[ fan -a atque dom -os spoliar -i] [fan -a atque dom -os spoli -ari] baseline CHx WP *91.18 *72.72 5984 64.64
Trcunlng: construct the vocabulary from a corpus p N
WordPiece ULM +MorphSeed R I.I. . G I . 1-'
]. COnSTrUCT an Small vocab: all Uﬂique Lqrge vocab: all + morphologicol es u S. e n e rq I Zq I o n
initial subword . qrqcters substrings of pretokens | suffixes - o
vocab
[(f.a,n,t..s,i] [f, fa, an, na, ..., spoliari] | [..., ari, ere, ero, ...] 10 — Y Rare worf:kls - Wordpi
. Di sallow Baseline 931 933 931 933 Baseline 933 931 934 936
2 Iterativel Merge subwords w/  Prune subwords fo . . 5 =i
f. _I_h y h|gh PMI & add to maximize unigr(]m pl’Uﬂlﬂg/ merg'”g _ mmm MorphPreTok Contextual 857 mmm MorphPreTok Contextual 855 856
rerine e vocab likelihood of mOI’phO|Og|CG| gog . 802 800 - g9 797 802
vocab [f, q .]->[f qg fag,..] [f, fa, an, re, ...] suffixes < e . 776
3 Stop when desired vocab size reached & Bl | 55 57l
Decodlng: at runtime, segment new text into tokens using the learned | o
VOC ObUl C]I’y o 1st quarter(<=103) 2ndquar|t:er(<=603). ?;rd .qu.arter(<=2654) 4th quarter (<=6205578) 1st quarter(<=103) 2nd quarter (<=603) 3rd quarter (<=2654)  4th quarter (<=6205578)
WordPiece: Greedy left-to-right ULM.: Viterbi algorithm to find most likely
IMpropero -> [Improper, o] sequence of subwords Uil ° o
impropero -> [imp, rop, er] morpolegical Rare features and entities
SIS Acc Per-Feat Macro-F1 Per-Entity Micro-F1
The tokenization pipeline (Schmidt et al, 2024) | POS Morph Case Degr Gend Mood Num Pers Tense Voice |[PERS LOC GRP
Baseline ULM 9478 8946 7231 90.47 9241 79.74 95.94 97.27 90.27 95.04| 65.59 60.84 67.62
4 ® N MorphSeed ULM 0.02 0.06 -0.17 -044 007 025 0.05 -0.04 0.06 -0.05 252 0.79 -2.37
E X e r I m e n tq I S et u Actx ULM 0.57 1.52 2.04 4121 1.05 317 0.76 086 348 1.68, 8.88 6.09 2.68
p p Ctx ULM 0.57 154 6.04 457 1.16 370 080 0.84 351 180 7.01 4.2 1.66
- - Baseline WP 9499 89.86 73.10 91.69 9263 8207 96.15 97.65 9199 9583 66.83 56.28 63.87
Data MorphSeed WP 0.02 -0.04 416 0.20 005 0.28 -0.05 007 0.14 0.08 062 442 43
- PreTraining + Tokenizers: 1.08 GB of Latin texts used to train LOTinCy Actx WP 055 123 055 286 095 114 069 049 204 092 1.04 862 784
_ Tokenizer evc”: Lqﬂn UD Treebanks (TesT Sp||'|'s) Ougmen'red W|Th go|d Ctx WP 0.41 1.32 5.10 330 0.91 149 059 055 254 109 591 1144 8.17
segmentations from LEMLAT
Base Models: 8 110M parameter ROBERTa models Out-of-domain texts
- 2 tokenizer types: WordPiece (WP) and Unigram (ULM) inMor%hu, = NE%M . .
- 4 varigtions: Baseline, MorphSeed, MorphPreTokenization (Acontextual Bascline ULM| 9304 7773 18553 3217 Morphologlcally-gUIded
and Confextual) Seed ULM | -0.21 +0.43|-0.91 +5.44 tokenization allows the
k ActXx ULM | +0.77 +3.88 | +3.16 +15.25 mode| to |eqrn The meqning
Downsll-ream Tas S Ctx ULM | +0.68 +4.36 |+2.48 +10.14 o ;
- POS & Morph Tagaing (Morph) Baseline WP | 93.09 78.94 |84.22 32.94 of VYOI‘d endlngs, |.ns’re.c1d of
Ph tdgging (Morp Seed WP | +0.00 -0.12 |+0.91 +2.77 relying on memorization of
- Named Enfity Recognition (NER) Actx WP | +0.95 +2.73 [+3.00 +3.88 frequent words
- Word Sense Disambiguation (WSD) Ctx WP | +0.88 +3.31 |+4.05+11.18
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https://www.semanticscholar.org/paper/Tokenization-Is-More-Than-Compression-Schmidt-Reddy/c74326259a24bbba3e5130f0ee42a546ea31301b
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