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Abstract. Interlinea annotates every word of a Latin or Ancient Greek text with its
lemma, part of speech, morphology, syntactic head and a gloss, and scans its verse.
A language model does the analysis, but code owns the form of the answer. Code
numbers the words, the model fills a Universal Dependencies schema for each number,
a validator checks the tree and the features, and a failed check returns to the model once.
For verse, rules enumerate the readings the metre allows and the model only picks
one. I evaluate the design on 833 sentences of expert annotation, including two sets
released after the training cutoffs of all four models tested, against Stanza and UDPipe
2 trained on each test treebank. Claude Opus 5.5 finds heads better than either parser,
by 5.5 UAS points over UDPipe 2 in Latin and 8.5 in Greek, while the parsers keep
the lead on exact morphology and relation labels. Numbered words are the protocol’s
most valuable part, and without them a model loses 15.6 UAS points. The correction
turn makes nine in ten malformed answers valid without changing their accuracy. In
scansion, a model choosing among the rules’ candidates is right on 78.6% of the lines
the rules leave open, against 43.1% when it scans whole lines.

Keywords: Latin; Ancient Greek; large language models; Universal Dependencies; structured
output; automatic scansion

1 INTRODUCTION

Tpappatien EoTiv Eumeipia TOV TAPX TTOTALG TE KAl
TUYYPRPEDTIV WG ETTL TO TTOAD Aeyopuévawr.

Grammar is the practical knowledge of what poets and
prose writers usually say.

Dionysius Thrax, Ars Grammatica 1

A reader of Latin or Greek spends most of an hour on the forms of words. In Figure 1,
Lesbia could be nominative, vocative or ablative, and amemus is a subjunctive that a
beginner reads as a future. Morphological tools such as Morpheus (Crane, 1991) and
Alpheios (Alpheios) list every analysis a form allows and leave the reader to choose.

Large language models can make that choice, and with a few examples they match
trained taggers on lemmas and parts of speech (Vidal-Gorene et al., 2026). They also fail
in ways a learner cannot see. Asked for twelve words, a model returns eleven, merges an
enclitic, gives a form an impossible case, or builds a tree with two roots.
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conj

vocative
SYNTAX root
/ d(’t\ / CC\
METRE =~ == = —_ v v - v —_ Y- —_ hendecasyllable
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Vivamus, mea Lesbia, at amemus,
) N N

GLOSs let us live my Lesbia and let us love
LEMMA Vivo meus Lesbia atque amo

FORM 1 pl. pres. subj. voc. sg. f. voc. sg. f. conj. 1 pl. pres. subj.

Let us live, my Lesbia, and let us love CATULLUS 5.1

Enominative M genitive Mdative Maccusative Mablative Mvocative M verb

Ficure 1. The opening of Catullus 5 as Interlinea shows it: the stored dependency tree and the
hendecasyllable’s quantities above the words, case and verb colours on them, and a gloss, the
lemma and the form below. A model wrote the analysis and the validator of §3.2 accepted it. The
rules of §3.4 left four scansions and two models agreed on one.

Interlinea is a reading app built on one rule. Code owns the form of the answer, and
the model only chooses. Code numbers the words and asks for one object per number, so
the model never writes the text. A validator checks the tree and the features, and a failed
check goes back to the model once. For verse, rules enumerate the scansions the metre
allows and a model picks one by number. This paper makes three contributions.

e An annotation protocol in which the model never writes the tokens it annotates, with
a formal validity predicate and one correction turn (§3).

e Rules-first scansion, in which prosody narrows a line to its metrically valid readings
and models choose among them (§3.4).

e An evaluation on 833 sentences of expert annotation, two sets of them released after
every tested model’s training cutoff, against parsers trained on each test treebank, with
ablations of each part of the protocol (§4-6).

Claude Opus 5.5 finds syntactic heads better than either parser, by 5.5 UAS points
over UDPipe 2 in Latin and 8.5 in Greek, while the parsers keep exact morphology and
relation labels. Numbered words are worth 15.6 UAS points to a model. The correction
turn makes nine in ten malformed answers valid without changing their accuracy. And
models choosing among candidate scansions are far more accurate than models scanning
whole lines.
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2 RELATED WORK

Treebanks and parsers. The Ancient Greek and Latin Dependency Treebanks (Bamman
and Crane, 2011) and PROIEL (Haug and Jehndal, 2008) annotate classical and biblical
texts, and Universal Dependencies (Nivre et al., 2020; Zeman et al., 2026) brought them
into one scheme with newer treebanks such as the Index Thomisticus (Passarotti, 2019),
the Lucca charters of LLCT (Cecchini et al., 2020a), UDante (Cecchini et al., 2020b),
CIRCSE (Iurescia et al., 2024) and the Septuagint of PTNK (Swanson et al., 2024). GLAUx
annotates Greek automatically at the scale of a corpus (Keersmaekers, 2021), and LEMLAT
analyses Latin forms from a lexicon (Passarotti et al., 2017). Parsers trained on these
treebanks do well in their own domain and lose much of it outside. Stanza (Qi et al.,
2020) parses LLCT at 96 UAS and Perseus Latin at 72, and the EvalLatin campaigns
have measured the same drop across genres (Iurescia et al., 2026; Sprugnoli et al., 2020,
2022, 2024). The strongest systems there build on pretrained encoders, as LatinPipe
does (Straka et al., 2024) with Latin BERT (Bamman and Burns, 2020) among others.
I compare with Stanza and UDPipe 2 (Straka, 2018), each trained on the test set’s own
treebank.

Language models as annotators. Pretrained models of Latin and Greek help tagging
and lemmatization (Riemenschneider and Frank, 2023). Prompted general models have
tagged sixteenth-century Latin (Stiissi and Strobel, 2024), and few-shot GPT-4 and Mistral
match a trained tagger on lemmas and parts of speech for Ancient Greek, Classical
Armenian, Old Georgian and Syriac (Vidal-Goréne et al., 2026). Fine-tuned encoders
remain strong for unedited Byzantine Greek (Swaelens et al., 2025), and a fine-tuned
LLaMA can produce UD trees as text (Hromei et al., 2024). The closest work to mine is
THIVLVC, in which a model revises UDPipe’s parse with retrieved treebank sentences
and gains 17 CLAS points on Seneca’s verse (Pommeret et al., 2026). In Interlinea the
model writes the whole analysis, including the gloss a learner needs, and code decides
whether it may stand.

Structured output and correction. Constrained decoding makes output match a gram-
mar or schema by construction (Geng et al., 2023; Willard and Louf, 2023), though strict
formats can cost reasoning accuracy (Tam et al., 2024). Libraries that validate a model’s
output and retry on failure are common in practice (Liu and Leo, 2026). Self-correction
without outside feedback does not reliably help (Huang et al., 2024), and a survey finds
it works when the feedback is external and reliable (Kamoi et al., 2024 ), as with tool
critiques (Gou et al., 2024) or execution results (Chen et al., 2024b), rather than the
model’s own review (Madaan et al., 2023; Shinn et al., 2023). Interlinea’s correction turn
is of the external kind, since a deterministic validator writes the feedback. Its scansion uses
agreement between two models from different providers, where self-consistency samples
one model several times (Wang et al., 2023). Its fallback order resembles a cascade (Chen
et al.,, 2024a), ordered for speed rather than price.

Contamination. Public test sets may be in a model’s training data (Sainz et al., 2023),
and accuracy on data released after a model’s cutoff is a direct check (Roberts et al., 2024).
Two of my gold sets were released after all four cutoffs.
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Scansion. Latin and Greek verse is scanned from syllable quantities that follow from
position, from nature or from the metre itself (Raven, 1965; West, 1982). Finite-state
scanners for the hexameter work this way (CLTK; Schumann et al., 2021), and large
scanned corpora exist (Chamberlain, 2026; Colombi et al., 2011). Recent work learns
vowel length from data (Cullhed and Thorn Cleland, 2026; Thorn Cleland and Cullhed,
2026) or prompts models to scan whole lines (Ruiz Fabo et al., 2026). Interlinea keeps
the rules and asks a model only what they leave open.

3 MEeTHOD

Figure 2 shows what happens to a sentence the first time anyone opens it, and Figure 3
what the reader sees. In production, GPT-6 luna annotates every sentence a reader opens,
with Gemini 3.8 Flash as its fallback. Each analysis is stored under the SHA-256 hash of
its language, schema version and NFC-normalized text, so a library sentence is paid for
once and served to every later reader.

3.1 Index-only annotation

The tokenizer splits a sentence into words wy, ..., w,. It keeps the Latin enclitics -que,
-ne and -ve on their host, as a reader sees them, and keeps punctuation out. The model
receives the sentence and the numbered list and returns one object per index,

a; = (Z’ Ei’ €i, Uj, fia h’ia iy Giy Vi, C’i)7

with lemma /;, dictionary entry e;, UD part of speech w;, UD features f;, head h; €
{0,...,n}, UD relation r;, English gloss g;, a note v; and an enclitic ¢;. The model never
writes w;, so it cannot drop, merge or misspell a word. Heads are indices, so a tree may

hit: served from the cache, no model call

miss valid
pmmmmmmmmm—een \ :
1 1
1 i § :
TOKENIZE CACHE KEY [ ANNOTA’_FE ] VALIDATE V' : CHECKS STORE READER
sentences,  f—»| sha256 of lang, |-—>i a JSON object —>| schema, tree, [—>:Aagreement, case, |  shared; first [—>| d
iti i e ans : : e tap a wor
words, enclitics schema, text | per word index ! allow-lists : orphans write wins
[ )
A
. kept only if valid
invalid retry  flagged and no more flags
J S R 20 B NN 2
H | | CORRECTION | : ]
NO ANALYSIS : FALLBACK ) : TURN | :SECOND LOOK :
“Retry”; nothing [«— another model, <— (I k-
is cached | same two ftries | | D Coio P e el @l
! ! 1 pasted back 1 : :
| ) e ) TR v
both models fail invalid again production only;
off in the evaluation
() code: deterministic; owns the form 7" amodel call: only chooses < 4 annotation calls per sentence

Ficure 2. One sentence’s path. A cached sentence goes straight to the reader. Otherwise the model
annotates numbered words, and the validator V passes the answer or returns its errors for one
correction turn. A second failure moves to a fallback model with the same two tries, so at most
four calls are made, and a failure is never cached. Dotted boxes run in production only and were
off in the evaluation.
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Lesbia

Lesbia, Lesbiac f. - proper no LATIN - LEVEL 3 - PHALAECEAN HENDECASYLLABLE

=1 Context —v Scansion  €ee® Colour key

Q] 1eqes “Lesbia” o 3
A Thousand Kisses A Thousand Kisses
Catullus, Carmina § o @ rocotmn 2 Catullus, Carmina 5

Vivamus, mea Lesbia, atque amemus,
- > More Vivamus, mea Lesbia, atque amemus,

rumoresque senum severiorum rumoresque senum severiorum
o v omnes unius aestimemus assis.

omnes unius acstimemus assis )
Soles occidere ct redire possunt

Soles occidere et redire possunt: nobis, cum semel oceidit brevis lux,
m s g o nox est perpetua una dormicnda

nobis, cum semel occidit brevis lus, E Da mi basia mille, deinde centum,

dein mille altera, dein secunda centum,

nox est perpetua una dormienda.
s popeual one tobo < —_ ¢ x

Da mi basia mille, deinde centum, Lesbia * Vocative

o ) Lesbia, Lesbiae £. - proper noun
dein mille altera, dein secunda centum, oror
deinde usque altera mille, deinde centum, “Lesbia”
S s Addressed directly, with Vivamus
dein, cum milia multa fecerimus,
en when thousands many v mac Oswve (@ Askolau

conturbabimus illa, ne sciamus,

> vore
aut ne quis malus invidere possit, © Show tansiaton ® -
(a) Catullus 5, with the card for Lesbia (b) on a phone

Ficure 3. The reader. (a) Catullus 5 with interlinear glosses and the card for Lesbia. (b) The same
card on a phone.

cross itself or a line break (Figure 4). The schema is JSON Schema in the subset every
provider’s strict structured output accepts, and the prompt states the UD conventions
and gives two worked sentences per language (Appendix A).

3.2 The validity predicate

DerniTion  Valid annotation. An annotation A of a sentence with n words in language L
is valid, V(A) = 1, when all of the following hold.

(i) A matches the schema, and |A| = n with a;.7 = i for every i.
(ii) h; € {0,...,n} and h; # i for every i.
(iii) Exactly one i has h; = 0, and that word, and only it, has r; = root.
(iv) The graph with an edge h; — i for every h; > 0 has no cycle, so with (iii) it is a tree.
(v) 4, gi and the translation are not empty, and every feature in f; is in the allow-list of L.

(vi) For Greek, a note that names the aorist goes with Tense=Past |Aspect=Perf.

Each failed condition becomes a line of plain English the model can act on, such as
token 4: Mood=Part is not allowed (use Ind, Sub, Imp).

3.3 The correction turn

An invalid answer gets one correction turn, in which the model sees its answer and the
validator’s messages and answers again. If that fails, a fallback model gets the same two
tries. Calls run at minimal reasoning with a 16,000-token output cap. In production,
a second model may also review a valid answer that grammar rules flag, such as an
adjective that agrees with no noun. That second look was off in the evaluation.
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~ %4 \ e/ p) ~
Mnvwv aetde Bea IInAniadew AXLATOC
wrath sing  goddess son of Peleus of Achilles
UnuLg asldw fea IInAniadmg AxIAeVg
acc. sg. f. 2 sg. imper. voc. sg. f. gen. sg. m. gen. sg. m.
‘\ __________________ acl:velcl ===---—e o ____.
\\\ nsubj i
amod ‘\\ iobj |
“\‘ amod . i
L ovj |
{ / N v
— - - -— -— -— A - -— -— — () Vo — 1.2
R / \ /) ), ~ 4 ) 4
oLVAOUEVNY, 1] uvpl Axalolg aAye €0nke
destructive which countless  for Achaeans pains it placed
0VAGHEVOC o¢ noplog Axulog AAyoG TONUL
acc. sg. f. nom. f. acc.n. pl. dat. pl. m. acc.pl.n.  3sg.aor. ind.

Sing, goddess, the wrath of Achilles son of Peleus,
the destructive wrath that laid countless pains on the Achaeans

Ficure 4. The first two lines of the Iliad. Heads are word indices, so the tree crosses the line break,
where ovAouévyy and the relative clause both depend on unviv, and crosses itself around the
hyperbaton pvpt” Axaioig dAye’. The rules scan both lines alone.

3.4 Rules-first scansion

Rules split a line into syllables and mark each quantity long, short or unknown, from
position, nature, elision and synizesis. Let ¢; € {L,S, 7} be the rules’ verdict on syllable j.
For a metre M, a regular language over {L, S}, the candidates are

With one candidate the line is scanned without a model. With two to eight, a model
sees the numbered candidates and returns a number. Otherwise the line stays plain. In
dactylic metres one model’s pick is kept. Elsewhere two models from different providers

must agree, or the line stays plain, since a plain line costs a reader less than a wrong one
(Figure 5).
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unve Vi va musme a Les bi at a me mus
5 5 5 5 5 5 vi, vi: long by nature,
RULES ‘ : e e invisible to the rules
without macrons
METRE X X - v v - v - v - X

CANDIDATES (1) & Y MODEL A: (4)

(2) — WV MODEL B: (4)
) v = they agree, so
the line is stored

B e Ve VIt

Ficure 5. The rules leave a model one question. In Catullus 5.1, position and the hendecasyllable
fix every syllable but the free opening pair, so four candidates remain, and they differ only where
knowing that vivamus has two long vowels decides.

4 EXPERIMENTAL SETUP

Gold data. I used existing expert annotation only (Table 1). For Latin, the test splits of
UD CIRCSE (Seneca and Tacitus) and UD LLCT (Lucca charters), and the test sentences
of UD Perseus. For Greek, the test sentences of UD Perseus and the test split of UD PTNK
(the Septuagint). UD’s Perseus conversion is non-commercial, so for those sentences I
took the annotation from the Ancient Greek and Latin Dependency Treebank (Bamman
and Crane, 2011) and converted it to UD myself. Two more sets, the DALME-Marseille
inventories of 1258 to 1446 (Pizzorno, 2026) and the UNESP treebank of Artemidorus
(Ferreira, 2021), were released in August 2026. The models’ training data end in June
2026 for Claude Opus 5.5 (Anthropic, 2026), May 2026 for GPT-6 luna (OpenAl, 2026)
and March 2026 for Gemini 3.8 Flash (Google DeepMind, 2026). A sentence is used only
if Interlinea’s tokenizer reproduces its gold words exactly.

Systems. Four models ran through Interlinea’s annotation function with the production
prompt, minimal reasoning and one correction turn, with no fallback and no second look:
Claude Opus 5.5, Gemini 3.8 Flash, GPT-6 luna and Gemini 2.5 Flash. The baselines are
Stanza 1.15 (Qi et al., 2020) and UDPipe 2 (Straka, 2018), given the gold words, each
with the model trained on the test set’s own treebank, chosen in advance (LLCT for the
inventories and Perseus for Artemidorus). Every model was called through the Vercel Al
Gateway, and prices are its list prices on 19 October 2026.

Metrics. Lemma accuracy ignores diacritics, case and u/v, i/j spelling. Features are
scored one at a time for case, number, gender, tense, mood, voice and person. UAS counts
correct heads, and LAS, on UD-native sets only, also the relation. A sentence with no
valid answer scores zero. The main scores accept both sides of the conventions on which
treebanks disagree, such as PRON or DET for a demonstrative (Appendix B); §5.2 reports
strict scores.

Statistics. Systems are compared with a paired bootstrap over sentences, stratified by
gold set, with 10,000 resamples and 95% percentile intervals (Berg-Kirkpatrick et al., 2012;
Dror et al., 2018; Efron and Tibshirani, 1993). P-values are Holm-adjusted (Holm, 1979)
within three families: models against parsers (64 tests), ablations, and models against
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Set Texts Public  Sent. Words Licence

PUBLIC TEST SPLITS: MAIN RESULTS

UD Latin CIRCSE (test) Seneca, 2024 100 1,135 CCBY-SA 4.0
tragedy;
Tacitus

UD Latin LLCT (test) Lucca charters, 2020 75 1,043 CCBY-SA 4.0
8th—-9th c.

AGDT Latin (UD Perseus test)  classical prose 2011 75 669 CC BY-SA 3.0 US
and verse

AGDT Greek (UD Perseus test) Homer to 2011 170 2,450 CCBY-SA3.0US
Plutarch

UD Greek PTNK (test) Septuagint 2023 80 1418 CCBY-SA4.0

RELEASED AFTER THE MODELS’ TRAINING CUTOFFS

DALME-Marseille gold inventories, 2026-08 193 1,160 CCBY4.0
1258-1446

UNESP Artemidorus prose, 2nd c. 2026-08 140 2,146 CC BY-SA 4.0

CE

TasLE 1. Gold sets. The public sets give the main results, 250 sentences per language drawn with a
fixed seed from the UD v2.18 test splits. The two later sets are used whole.

GPT-6 luna.
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5 Resurts

word accuracy (%) per sentence

Valid Lemma UPOS Features UAS LAS? ¢ S
LATIN 250 sentences, 2,847 words
Claude Opus 5.5 100.0 92.4 95.7 95.5 869 756 552 12.2
Gemini 3.8 Flash 98.4 89.4 92.0 92.8 835 727 461 102.0
GPT-6 luna 99.2 88.2 93.2 92.2 755 635 0.10 10.7
Gemini 2.5 Flash 99.6 89.8 94.2 92.6 76.6  66.2 0.51 7.1
Stanza (matched) 100.0 89.3 94.2 92.2 778 728 ~0 <1
UDPipe 2 (matched) 100.0 92.1 94.8 924 814 770 ~0 <1
GREEK 250 sentences, 3,868 words
Claude Opus 5.5 100.0 944 94.9 97.5 914 879 694 23.8
Gemini 3.8 Flash 97.6 91.8 92.2 94.5 885 831 3.84 101.6
GPT-6 luna 100.0 93.7 95.1 97.0 85.8 832 0.13 48.7
Gemini 2.5 Flash 98.8 924 93.7 95.1 852 832 0.62 9.9
Stanza (matched) 100.0 89.9 95.0 94.5 809 86.0 ~0 <1
UDPipe 2 (matched) 100.0 90.9 95.8 94.8 829 889 ~0 <1

TaBLE 2. Results on the public test sets. Valid is the share of sentences with a valid answer. *LAS
on UD-native sets only. Price in cents and wall-clock seconds per sentence.

Lativ
Lemma UPOS Features UAS
Claude Opus 5.5 ad N _:_' ++
Gemini 3.8 Flash __0__0_
GPT-6luna  _o_ +_O_'
Gemini 2.5 Flash - I
-5 0 5 10 -5 0 5 10 -5 0 5 10 -5 0 5 10
GREEK
Claude Opus 5.5 : : ++
Gemini 3.8 Flash '60__ __‘_O_ _::_
GPT-6 luna e . -
Gemini 2.5 Flash _:>_°' N —<;—._
-5 0 5 10 -5 0 5 10 -5 0 5 10 -5 0 5 10

model minus parser, accuracy points e Stanza 4 UDPipe 2 filled: Holm p < 0.05

Ficure 6. The best model finds heads better than both parsers, and words are close. Each point
is a model’s accuracy minus a parser’s on the same sentences, with a 95% paired interval, filled
where the difference survives Holm correction across the 64 tests.
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5.1 Models against parsers

Table 2 gives the scores and Figure 6 the paired differences. Claude Opus 5.5 reaches UAS
86.9 in Latin and 91.4 in Greek, 5.5 and 8.5 points above UDPipe 2, the stronger parser.
In Greek every model’s UAS is above both parsers’. In Latin GPT-6 luna is 11.4 points
behind Opus and below UDPipe 2. Words are closer than trees. Every model gets the
seven features right more than nine times in ten, and in Latin Opus and UDPipe 2 are
level on lemmas. LAS goes the other way. UDPipe 2 reaches 77.0 in Latin and 88.9 in
Greek, against 75.6 and 87.9 for Opus. The models choose heads well and relation labels
less well.

5.2 Strict scoring and the official trees

Lenient scoring might favour the models, which follow no treebank. Under strict scoring
(Table 3a) both parsers lead on morphology: UDPipe 2 gets 87.2% of Latin words exactly
right and Opus 81.3%. A parser learns its treebank’s habits, and a model guesses them.
My AGDT conversion is the other risk. Against the official UD trees (Table 3b), Opus’s
Greek UAS falls from 89.1 to 85.9 and UDPipe 2’s rises from 76.4 to 80.0, so the conversion
favoured the models, but Opus still leads.

5.3 Each gold set, and text no model has seen

Figure 7 breaks the results down by set. On the Marseille inventories, full of medieval
words and names, Opus keeps 82.9 lemma accuracy and UDPipe 2 falls to 67.8. Whatever
the models know about Latin, they did not learn it from these sentences. Artemidorus
reverses the order, because its trees follow the AGDT guidelines of the parser’s training
data and my conversion of them costs the models several UAS points. The two later sets
are small and differ in genre, so they cannot rule out contamination of the public results.

Lemma UAS
z CIRCSE ———-o ——— —o—
g
<
= LLCT -0 - —— —o— —0—
Perseus —-0— ——— —o—
DALMET —0— —.— ——=— —o—
Perseus - o —— —— -0
% PTNK - —o——0-
=
4
Q ArtemidorusT ——=0 ——0—\—
60 70 80 90 100 60 70 80 90 100

e Claude Opus 5.5 @ GPT-6luna ¢ UDPipe 2 (matched) freleased after the cutoffs

Ficure 7. The models’ lead over the parser grows with the distance from the parser’s treebank.
Accuracy per gold set with 95% intervals. The parser is best on LLCT, its own charters, and on
Artemidorus, which follows its annotation guidelines, and worst on the medieval inventories.
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(a) Strict scores on the UD-native sets

UPOS Feats = LAS CLAS

lenient strict exact,”7

LATIN la-circse, la-llct

Claude Opus 5.5 96.4 93.5 81.3 75.6 745
Gemini 3.8 Flash 91.3 88.2 76.1 72.7 723
GPT-6 luna 93.2 90.3 76.4 635 624
Gemini 2.5 Flash 94.3 92.1 76.6 66.2 664
Stanza (matched) 96.0 95.7 86.3 728  69.6

UDPipe 2 (matched) 96.5 96.1 87.2 770 737

GREEK gre-ptnk

Claude Opus 5.5 96.9 94.0 85.8 879  83.0
Gemini 3.8 Flash 90.6 87.7 80.5 831 784
GPT-6 luna 96.8 93.9 84.5 832 777
Gemini 2.5 Flash 96.2 92.3 84.0 832 783
Stanza (matched) 98.6 98.3 91.7 86.0 794

UDPipe 2 (matched) 98.6 98.1 88.9 889  83.6

(b) The AGDT sentences against my conversion and the official UD Perseus trees

Greek Latin

UASmine UASUD LASUD UASmine UASUD LASUD

Claude Opus 5.5 89.1 85.9 68.6 92.0 85.4 73.2
Gemini 3.8 Flash 88.2 85.6 68.9 90.7 85.1 73.2
GPT-6 luna 83.3 79.8 62.5 78.7 74.2 62.4
Gemini 2.5 Flash 81.8 78.7 62.2 80.4 74.2 64.7
Stanza (matched) 74.5 76.9 70.2 66.4 63.7 50.5
UDPipe 2 (matched) 764 80.0 73.8 69.8 64.7 55.9

TasLE 3. Without lenient conventions the parsers lead on exact morphology, and against the official
trees the models’ lead on heads shrinks but stays. Features (exact) requires all seven features of a
word to match. CLAS scores content words. Latin has 27 sentences aligned with the official trees,
Greek 170.
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5.4 Price

The models span almost two orders of magnitude in price (Figure 8). GPT-6 luna costs
0.10 cents per Latin sentence, and Opus 53 times as much. Gemini 3.8 Flash costs 44
times as much as luna in Latin and is the slowest, at 102.0 seconds per Latin sentence,
because through the Gateway it reasons for thousands of tokens even at its minimal
setting. Called directly, as Interlinea calls it in production, it reasoned far less on tutor
and context prompts, so these figures are an upper bound for Gemini. Because a library
sentence is analysed once and then served from the store, the best model'’s price is paid
once per sentence, not once per reader.

Latin Greek
o Claude Opus 5.5
90 90
@ Gemini 3.8 Flash
o Claude Opus 5.5
- - OGPT-61
[9p) 85 © Gemini 2.8 Flasé}%\o GGerEinuipf.5 Flash
5: 3 OUDPipe 2 (matched)
OUDPipe 2 (matched) OStanza (matched)
80 80
OStanza (matched)
@ Gemini 2.5 Flash
75 O GPT-6 luna 75
free 0.1¢ 1¢ 10¢ free 0.1¢ 1¢ 10¢

Ficure 8. Opus buys its lead over the cheapest model at about fifty times the price. Price per

price per sentence

sentence against UAS on the public sets, log scale.

price per sentence
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6 ANALYSIS

6.1 Numbered words

When GPT-6 luna gets the bare sentence and must split and number the words itself,
its lemmas and features are unchanged but its UAS falls by 15.6 points (Figure 10).
Segmentation explains little of it. Its words differ in number from the gold’s in 5.4% of
sentences, where it reorders verse into prose order or drops a word, twice a non. On the
458 sentences it splits exactly as the gold does, its UAS is still 68.2 against 82.5. Figure 9
shows why. Heads are indices, and a model that numbers its own words points 11.0% of
them one word off, against 3.7% with numbered words.

< Il numbered words (the protocol)
M the model numbers the words itself

B
5 6
2
54
1S}
BN

2 [ [ [

, 1 I 0 I I i 1 ]

-3 -2 —1 +1 +2 +3 farther root not aligned

predicted head minus gold head, in words

Ficure 9. A model that numbers the words itself points its heads at neighbours. Where GPT-6
luna’s wrong heads point, as a share of all words, with numbered words and when it splits and
numbers the sentence itself.

Lemma Features UAS
NO CORRECTION TURN
Gemini 3.8 Flash, invalid answer lost  —e— —e— —e—
Gemini 2.5 Flash, invalid answer lost —o— —o— —o—
GPT-6 luna, invalid answer lost —o— —o— —e—
Gemini 2.5 Flash, invalid answer kept o o- .-
GPT-6 luna, invalid answer kept o - o-
Prorocor anD ProMPT, GPT-6 LUNA
no feature allow-list (2 . .
model splits and numbers the words o - -e-
no few-shot examples o ‘- o
—20 —10 —20 —10 —20 —10

A points against the full system, same sentences

Ficure 10. Numbering the words is worth 15.6 UAS points, and the correction turn’s worth is
validity, not accuracy. Each row is a variant minus the full system on the same sentences, with
95% paired intervals. “Lost” scores a failed first answer as invalid, “kept” scores it as it stands.
Opus never needed the turn.
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6.2 The correction turn

If a sentence whose first answer failed were simply lost, luna would lose 9.2 lemma points
and Gemini 3.8 Flash 21.1 (Figure 10). The turn leaves a valid answer for about nine in
ten of those sentences. But a failed first answer, scored as it stands, is as accurate word
by word as the repaired one, for luna and for Gemini 2.5 Flash alike. What the validator
catches is form, a second root, a cycle, or Case=Fem. With the turn, 99.6% of luna’s answers
are valid, against 93.6% without it, and the reader never sees a malformed one. The
examples and the allow-list in the prompt change nothing measurable.

Every one of Gemini 3.8 Flash’s 130 failures was an answer cut off before its JSON
closed (Figure 11). Its hidden reasoning, heavy through the Gateway, counts against the
16,000-token cap, and the first answers that closed pile up just below it (Figure 12). Rerun
once at 32,000 tokens, 119 of the 130 came back valid, for $9.50 against $13.19 for the
original two calls.

M answer cutoff HM tree MM feature not allowed aorist note

Claude Opus 5.5  none: every first answer valid

Gemini 3.8 Flash
GPT-6 luna 9

Gemini 2.5 Flash 25

0 20 40 60 80 100 120 140

sentences whose first answer failed (of 833)

Ficure 11. Gemini 3.8 Flash'’s first answers fail because they are cut off, the others” because the
validator catches an error. Sentences whose first answer failed, by the first message that applies.

M first answers that closed, 16k cap

M the 130 cut-off sentences rerun at 32k
new cap

calls

200 cap
I = 0 = = _ _ 1

1I|IL}1LQ& e

output tokens in one call, reasoning included

Ficure 12. Gemini 3.8 Flash’s reasoning counts against its output cap. No first answer that closed
used more than 15,984 tokens, and with a 32k cap the cut-off sentences spread up to the new limit.
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Latin Greek
98 98
Rules + both must agree
_— Rul Ghmini 2.8 Flash, __ Rules + both must agree
i P —— @ Rules + Gemini 3.8 Flash fone
96 Rules‘a ne 96 Rules alage > eRules + Gemini 3.8 Flash
S 94
=
=
L 92 92
o
=
o 90 90 ® Rules + GPT-6 luna
88 ®Rules + GPT-6 luna 88
86 86
40 60 80 100 40 60 80 100
coverage: lines scanned (%) coverage: lines scanned (%)

Ficure 13. Model picks among the rules’” candidates raise coverage at little cost in precision. Share
of 600 Hypotactic lines scanned against the share scanned correctly. The hollow point is Interlinea’s
rule.

| random candidate O scan the wholeline @ choose a candidate, or the rules

GPT-6 luna, open lines +—o— ——
Gemini 3.8 Flash, open lines | —— °
GPT-6 luna, lines the rules settle e} e
30 40 50 60 70 80 90 100

lines scanned correctly (%)

FiGure 14. Choosing is far easier than scanning. Lines scanned correctly when a model chooses
among the rules’ candidates, and when it scans the whole line, with 95% intervals. Gemini’s
whole-line figure counts only the 160 lines it answered in time.

6.3 Scansion

I took 600 lines from fifteen works scanned in Hypotactic (Chamberlain, 2026), from
Homer, Theognis, Aeschylus and Euripides to Virgil, Ovid, Catullus, Horace, Phaedrus
and Seneca. The rules alone scan 55.8% of them at 96.4% precision. With Gemini 3.8 Flash
and GPT-6 luna agreeing on the rest, the system scans 83.8% at 96.6% (Figure 13). The
candidates do most of the work (Figure 14). Luna picks the right one 78.6% of the time,
but scans the same lines whole at 43.1%, and on lines the rules settle alone it reaches
56.1% against the rules” 94.0%. Agreement adds little precision over Gemini alone (+1.6
points, p = 0.087) and mainly buys abstention. Results by metre are in Appendix D.
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— the model, where it differs —— the gold, where it differs both agree

; amod, m\

arma quis uiuo mihi detrahere potuit

\\_m,g/

advcl:preu

Seneca, Hercules Furens. Gold: uiuo predicative, “while I live”. Model: uiuo mihi, “from living me”.

m

Ovis damnata falso testimonio Quod non debebat solvit

Phaedrus 1.17. Gold: damnata adverbial, on the verb. Model: attributive, on Ouvis.

advmod

N \
0c kol Tepl Xw@Tng TNG ETaipag TAde Aéyel
N

AuxZ ATR

Athenaeus 13.65. Gold (AGDT): the article and xat on Zwryg. Model: ¢ with étalpag, xal with the
verb.

FiGURE 15. Some of the best model’s attachment errors are defensible readings. Three of Claude
Opus 5.5’s disagreements with the gold, the model’s tree above the words and the gold’s below,
in colour where they differ.

6.4 What the disagreements look like

In the Seneca line of Figure 15, Opus takes uiuo mihi as “from me, alive”, where the
gold makes uiuo predicative. In Phaedrus it reads damnata as an attribute of Ovis where
the gold makes it adverbial, the old ambiguity of the participle. A single gold standard
scores a choice between schools of annotation as an error. Case errors show the same
split (Figure 16). Opus’s largest Latin confusion, accusative read as ablative, comes
entirely from the Lucca charters, where scribes wrote uno capo where the syntax needs an
accusative. The treebank annotates the function, and the model reads the form.



INTERLINEA 17

7 CONCLUSION

Language models annotate Latin and Greek well enough to read with if code owns the
form of their answers. Owning the form is worth more than I expected. Numbered words
are worth 15.6 UAS points, because a head is an index and a model that numbers its own
words points to the wrong one. The validator does not make a model right, but it makes
malformed answers visible, and one correction turn makes nine in ten of them valid. The
best model finds heads better than parsers trained on the test treebanks, and the parsers
keep exact morphology and relation labels. In verse, a model asked to choose among a
few rule-built readings is far more accurate than one asked to scan.

LimriTaTiONS

Each gold set comes from one annotator or project, and three public sets were converted
between schemes, by their maintainers or by me. My AGDT conversion favours the models
by several UAS points against the official trees, and only 27 Latin Perseus sentences align
with them. The two sets released after the cutoffs are small and differ in genre. The
parsers ran with default settings on gold words, and stronger Latin parsers exist (Straka
et al., 2024). Glosses, notes and translations, which readers use most, are not scored, and
nothing here measures whether reading with Interlinea teaches anyone Latin or Greek.
The models are commercial services that change, and each was tested once, in October
2026.

REPRODUCIBILITY

The gold files, every model answer and the per-sentence scores are available from the
author, so every number can be recomputed without calling a model. Appendix A outlines
the prompts. Interlinea’s source code and the prompts’ full text are not public.
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A THE PROMPTS, IN OUTLINE

The prompts” full text is not published. In outline:

e Annotation. A system message sets the task and the output contract: one object per
numbered word, with lemma, dictionary entry, UD part of speech, UD features, head,
relation, gloss, a learner’s note and an enclitic slot, and a translation of the sentence. It
states the UD conventions Interlinea follows where treebanks differ, such as writing
the Greek aorist as Tense=Past |Aspect=Perf in every mood, names mistakes models
made in development, such as Number=3 for a third person, and lists the feature values
the language allows. Two hand-checked example sentences per language follow as
earlier turns of the conversation. The user turn gives the language, the sentence and
its numbered words.

e Correction turn. The model’s previous answer is returned with the validator’s mes-
sages, one line per failed condition (for example token 7: a word cannot be its own
head), and the model is asked to return the whole annotation again with those prob-
lems fixed.

e Scansion. The model is told the metre and its template, sees each open line with its
numbered candidate scansions, and is asked for one option number per line, using
the true vowel lengths of the words.
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B

C

SCORING CONVENTIONS

Lemma. Compared after Unicode decomposition with all combining marks removed,
lower-cased, final sigma normalized, and j and v read as i and u.

Part of speech. PRON and DET are interchangeable, as are PROPN and NOUN, NUM and ADJ,
and AUX and VERB for sum, eiyt and possum. Negations may be PART or ADV; connectives
and discourse particles, Latin and Greek, may be CCONJ, PART or ADV. Pronominal
adjectives (possessives, quantifiers, alter, multus) may be ADJ or DET; nihil and nemo
may be NOUN or PRON.

Features. A multi-valued gold feature (Voice=Mid, Pass) accepts any of its values. The
Greek perfect accepts Tense=Pres or Past. A prediction with Aspect but no Tense is
read as Perf — Past, Imp — Pres, Prosp — Fut. The copula’s voice is not scored.

Heads. AGDT trees are re-rooted to UD style, so that prepositions, subordinators,
coordinators and the copula depend on their content word. A head that attaches to
punctuation or cannot be mapped is not scored.

RESULTS BY GOLD SET



INTERLINEA

Set System Lemma UPOS Feats UAS LAS
Claude Opus 5.5 94.3 96.2 98.8 881 789
Gemini 3.8 Flash 89.9 91.5 955 83.8 76.0
UD Latin CIRCSE GPT-6 luna 86.9 90.9 91.8 73.7  65.8
(test) Gemini 2.5 Flash 89.4 924 937 756 67.8
Stanza (matched) 88.2 93.0 894 648 550
UDPipe 2 (matched) 90.6 93.8 893 708 629
Claude Opus 5.5 91.6 96.5 912 818 720
Gemini 3.8 Flash 86.9 91.1 87.0 77.7  69.0
UD Latin LLCT (test) GPT-'6 ?una 89.5 95.7 90.3 72.7  61.0
Gemini 2.5 Flash 90.9 96.4 89.6 740 645
Stanza (matched) 97.1 99.2 974 941 922
UDPipe 2 (matched) 96.5 99.3 97.5 944 924
Claude Opus 5.5 90.6 93.7 96.0 93.0 -
Gemini 3.8 Flash 924 94.2 96.8 92.2 -
AGDT Latin (UD GPT-6 luna 88.6 93.1 95.7  83.0 -
Perseus test) Gemini 2.5 Flash 88.9 93.9 95.1 825 -
Stanza (matched) 79.1 88.6 89.5 747 -
UDPipe 2 (matched) 87.7 89.5 90.3 79.1 -
Claude Opus 5.5 93.9 93.8 977  89.1 -
Gemini 3.8 Flash 93.1 93.1 96.6  88.2 -
AGDT Greek (UD GPT-6 luna 92.8 94.1 969 833 -
Perseus test) Gemini 2.5 Flash 90.7 92.3 942 818 -
Stanza (matched) 87.1 92.9 95.1 745 -
UDPipe 2 (matched) 88.4 94.2 95.5 76.4 -
Claude Opus 5.5 95.2 96.9 971 953 879
Gemini 3.8 Flash 89.6 90.6 909 89.2 83.1
UD Greek PTNK GPT-6 luna 95.2 96.8 97.2 90.1 83.2
(test) Gemini 2.5 Flash 95.2 96.2 966 910 832
Stanza (matched) 94.7 98.6 937 919 86.0
UDPipe 2 (matched) 95.3 98.6 935 942 889
Claude Opus 5.5 82.9 92.7 778 93.8 814
Gemini 3.8 Flash 83.6 92.6 80.5 93.7  80.6
DALME-Marseille GPT-6 luna 82.1 85.1 74.7 84.0 65.3
gold Gemini 2.5 Flash 83.5 895 783 857 698
Stanza (matched) 69.3 74.7 69.8 747 522
UDPipe 2 (matched) 67.8 754 676 768 513
Claude Opus 5.5 90.2 93.7 942 705 -
Gemini 3.8 Flash 86.1 89.0 90.2 67.5 -
) GPT-6 luna 84.3 88.4 88.9 63.1 -
UNESP Artemidorus oo i 25 Flash 883 925 918 659 -
Stanza (matched) 92.5 94.7 9.4 747 -
UDPipe 2 (matched) 90.0 94.3 94.5 73.8 -

24

TaBLE 4. Results on each gold set, in percent. LAS is on UD-native sets only. For the two sets
released in August 2026, the parsers use the closest treebank, LLCT for DALME-Marseille and
Perseus for Artemidorus.
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rules alone

Interlinea’s rule

Metre Lines coverage precision coverage precision
Greek dactylic hexameter 80 98.8 94.9 98.8 94.9
Greek elegiac couplet 40 97.5 100.0 100.0 100.0
Greek iambic trimeter 160 35.6 96.5 80.0 96.1
Latin choliambic 4 25.0 100.0 100.0 100.0
Latin dactylic hexameter 91 70.3 95.3 95.6 95.4
Latin elegiac couplet 54 88.9 97.9 100.0 98.1
Latin greater Asclepiad 3 100.0 100.0 100.0 100.0
Latin hendecasyllable 10 20.0 100.0 70.0 100.0
Latin iambic senarius 40 0.0 - 27.5 100.0
Latin jambic trimeter 80 20.0 93.8 72.5 96.6
Latin Sapphic stanza 38 68.4 96.2 86.8 97.0

TaBLE 5. Scansion of the 600 Hypotactic lines by metre, in percent. Interlinea’s rule trusts Gemini
3.8 Flash alone in dactylic metres and requires GPT-6 luna to agree elsewhere. The metre and a
line’s place in its stanza come from the gold.

E THREE FAILURES AND THEIR REPAIRS

SENTENCE

THE VALIDATOR, VERBATIM

AFTER THE CORRECTION TURN

nunc Hercule opus est perfer
hanc molem mali
Seneca, Hercules Furens, GPT-6

luna

Tantum effata, furens antro
se immisit aperto
Virgil, Aeneid 6, GPT-6 luna

Kl TUYQV TKEV €lg
Kpotwva.

Athenaeus, Deipnosophistae,
GPT-6 luna

token 3: heads form a cycle

token 4: heads form a cycle

token 2: Case=Fem is not allowed (use Nom,

Gen, Dat, Acc, Abl, Voc, Loc)

token 3: the note calls it an aorist, so

feats need Tense=Past|Aspect=Perf

A valid tree, rooted on perfer.
The gold roots it on opus, so
valid is not the same as right.

The gender moves to
Gender=Fem, but the case is
dropped, where the gold has
Case=Nom.

Note and features now agree,
and the tense matches the
gold.

TasLE 6. Three of GPT-6 luna’s first-answer failures. The first answer is not stored, and the valida-

tor’s messages describe it.
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F CAse cONFUSIONS

4
=)
<
—
Claude Opus 5.5 predicted — Stanza (matched) predicted —
gold L Nom Gen Dat Acc Abl Voc none goldl Nom Gen Dat Acc Abl Voc none
Nom 16 13 Nom 1.6 87 18 1.1
Gen 19 Gen 4.7 14
Dat 1% 27 Dat 27 67 29 1.3
Acc 51 j1%3) 11 Acc 6.1 17 1.1
Abl 1.7 46 Abl 23 2.6 4
Voc = 9.1 Voc - 18 18 9.1
N
=)
5
~
)
Claude Opus 5.5 predicted — Stanza (matched) predicted —
goldl Nom Gen Dat Acc Voc none goldl Nom Gen Dat Acc Voc none
Nom 96 3.8 Nom 91 1.8 47 1.8
Gen Gen 21
Dat 11 Dat 1.7

Acc | 12 15 Acc | 19 1.9
Voc Voc 13 1 13

Ficure 16. Gold case against predicted case on the public sets, as a percentage of each gold case,
for Claude Opus 5.5 and Stanza (matched). None means no case was given, including every word
of a sentence whose answer never validated.
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