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Abstract. UD_Nheengatu-ComplLin is the highest-rated and second-largest
Amerindian language treebank in Universal Dependencies. It is annotated with
Yauti, an analyzer for Nheengatu that uses special tags to handle unknown
words. This paper presents a major revision of the special tag mechanism, ex-
tending coverage to phenomena such as reduplication, typos, and stylistic vari-
ation. A multi-level validator was implemented and passed 416 test cases. All
231 treebank sentences with special tags parsed, yielding a macro F score of
0.92 and both weighted and micro F scores of 0.96 in feature assignment.

1. Introduction

With 319 treebanks for 179 languages, Universal Dependencies (UD) has become the de
facto standard for cross-linguistic morphosyntactic annotation [de Marneffe et al. 2021,
Zeman 2023, Zeman et al. 2025]. A wide range of applications in both linguistics and
NLP highlights its relevance [Futrell et al. 2015, Kondratyuk and Straka 2019, Li 2025].

The UD collection contains 25 treebanks for 24 Amerindian languages, 14 of
which are from Brazil, including Nheengatu—a descendant of Tupinambd, adopted
as a lingua franca by colonizers in the 16"-17" centuries, and now considered
endangered [Rodrigues 1996, Freire 2011, Navarro et al. 2017, Eberhard et al. 2025].
UD_Nheengatu-CompLin debuted in UD v2.11, becoming the largest among
Amerindian treebanks from v2.13 to v2.15, and now ranking second [de Alencar 2024b,
de Alencar 2024a]. While the ratings of all other Amerindian treebanks range between
0 and 2.0 stars in UD v2.16, UD_Nheengatu-CompLin holds 4.0—matched by only two
of the six Portuguese treebanks. UD_Nheengatu-CompLin has steadily improved across
UD releases, rising from 2.0 stars in v2.14 to 3.15 in v2.15, while many other treebanks
have either stagnated or declined. Star ratings are computed at every UD release, based on
factors such as genre diversity, annotation quality, lemmatization, size, validation status,
and the ratio of words per “bug”, among others.

On 2025-06-24, UD_Nheengatu-CompLin contained 22,421 tokens and 2,227
sentences from a broad spectrum of sources spanning nearly two centuries. This pa-
per presents recent enhancements to the treebank’s annotation methodology, focusing on
challenges posed by variation in 19"-century Nheengatu. In particular, we describe a sub-
stantial extension of the special tags mechanism introduced by [de Alencar 2023], used
by human annotators to tag tokens that represent strings unrecognized by Yauti, the mor-
phosyntactic analyzer employed in building the treebank.
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Section 2 outlines the annotation methodology. Section 3 details the extensions to
the special tag notation for handling historical variants and typographical errors. Section 4
discusses the multi-level validation of special tags and presents evaluation results. Finally,
Section 5 sums up the contributions and identifies directions for future work.

2. Treebank Annotation Methodology

UD_Nheengatu-CompLin is annotated using Yauti [de Alencar 2023]. For an input sen-
tence, it produces a UD analysis in the CONLL-U format [de Marneffe et al. 2024a]. This
consists of a ten-column table, of which the first eight are shown in Table 1. The ninth
column, reserved for enhanced dependencies [Schuster and Manning 2016], is typically
empty in UD treebanks. The tenth column contains miscellaneous annotations (MISC).

(1) Pituna ukiri  uiku il ripi-pe.
night 3:sleep 3:be water botton=in
‘Night was sleeping at the bottom of the water.” [de Magalhdes 1876, p. 164]

ID | FORM | LEMMA UPOS XPOS FEATS HEAD | DEPREL

1 Pituna pituna NOUN N Number=Sing 2 nsubj

2 ukiri kiri VERB v Mood=IndIPerson=3I... 0 root

3 uikd ikd AUX AUXFS Mood=IndIPerson=3I... 2 aux

4 if if NOUN N Number=Sing 5 nmod:poss
5-6 | ripi-pe _ _ — — — =

5 ripi tipl NOUN N Number=SingIRel=Cont 2 obl

6 pe upé ADP ADP AdpType=PostIClitic=Yes 5 case

7 PUNCT | PUNCT - 2 punct

Table 1. First eight columns of the CoNLL-U analysis for (1) produced by Yauti,
with simplified feature values.

Yauti is a knowledge-based tool built on the Python CoNLL-U Parser.! It uses
a full-form lexicon to assign part of speech and morphological features to tokens. List-
ing 1 shows sample entries for apigawa ‘man’ and kiri ‘to sleep’. Fused words such as
ripi-pe in (1) are not included in the lexicon and are instead handled by the tokenizer.
Using the information available for each token, syntactic rules determine its HEAD and
DEPREL. While Yauti analyzes some syntactically non-trivial sentences correctly, such
as (1), it incurs mistakes at the different annotation levels. If all tokens in a sentence are
unambiguous and known to Yauti, most errors relate to HEAD and DEPREL.

Listing 1. Sample entries from Yauti’s full-form lexicon.

{ AN ’ 11, A ' 11
N ' 1,0 ’ 17,1}

Unknown words tend to produce degraded results with validation errors, e.g., non-
trees and/or empty UPOS, HEAD, and DEPREL. Ambiguous words pose another problem.
Yauti only differentiates pronouns from determiners and main verbs from auxiliaries. Fig-
ure 1 depicts Yauti’s unsuccessful analysis for (2). The tool creates a token with the same
ID for each of the senses of apigawa ‘man’ in Listing 1, breaking CoNLL-U confor-
mance. Since the lexicon does not include an entry for yaitiwa ‘thicket’, the correspond-
ing token has empty UPOS and DEPREL, causing validation failure.

"https://pypi.org/project/conllu/




(2) Apigawa usi usikari yaitiwa wirupi rupi.
man 3:go 3:search thicket beneath through
“The man went looking underneath the thicket.” [de Magalhdes 1876, p. 213]

>>> s='Apigawa usl usikari yaitiwa wirupi rupi. (p. 213) O homem foi procurar por baixo do cerrado. - Apgaua 0cd
ocikdri iaitiua uirpe rupi.''’

>>> Yauti.parseExample(s, 'Magalhaes1876',10,37,272,annotator="Leonel Figueiredo de Alencar')
# sent_id = Magalhaes1876:10:37:272

# text = Apigawa ust usikari yaitiwa wirupi rupi.

# text_eng = TODO

# text_por = 0 homem foi procurar por baixo do cerrado.

# text_source = p. 213

# text_orig = Apgaua 06o ocikari iaitiua uirpe rupi.

# text_annotator = Leonel Figueiredo de Alencar

# inputline = Apigawa usi usikari yaitiwa wirupi rupi.

1 Apigawa apigawa ADJ A _ 3 _ _ TokenRange=0:7

1 Apigawa apigawa NOUN N Number=Sing 3 nsubj  _ TokenRange=0:7

2 ustd su AUX AUXFR  Mood=Ind|Person=3|VerbForm=Fin 3 aux _ TokenRange=8:11
3 usikari sikari VERB v Mood=Ind|Person=3|VerbForm=Fin 0@ root _ TokenRange=12:19
4 yaitiwa yaitiwa NOUN N Number=Sing 3 obj _ TokenRange=20:27

5-6 wirupi _ _ _ _ _ _ _ TokenRange=28: 34

5 wira wira NOUN N Number=Sing 3 obl _

6 upé upé ADP ADP AdpType=Post|Clitic=Yes 5 case _ _

7 rupi rupi ADP ADP AdpType=Post 5 case _ SpaceAfter=No| TokenRange=35:39
8 . PUNCT  PUNCT  _ 3 punct  _ SpaceAfter=No | TokenRange=39:40

Figure 1. Analysis of (2) with Yauti.

Semi-automatic rule-based tools have proven useful in various annotation scenar-
ios, e.g., [Faria et al. 2024, Freitas and de Souza 2024, Santos and Mota 2010]. Due to
the limitations just described, Yauti is employed interactively. The human annotator pre-
pares the input string for parseExample or a similar function, supplying a sentence
in modernized spelling, page number, Portuguese translation, and the original text (Fig-
ure 1). The annotator executes the function and checks the output for ambiguous and
unknown words. To handle ambiguity, Yauti accepts pos-tagged input strings. After
appending the n lower cased XPOS tag for nouns, separated by a slash, to ambiguous
apigawa in (2), Yauti builds a well-formed tree (Figure 2). This analysis, however, has a
fatal UD validation error: the DEPREL of yaitiwa ‘thicket’ is empty. Once the lexicon is
updated with an entry for this word, Yauti assigns it the direct object relation, building a
tree that is indeed valid, but incorrect because the word functions as a genitive comple-
ment to the following noun. The human annotator is supposed to correct such errors. If
the error goes unnoticed, it should be corrected by the reviewer.

punct

nsubj
aux
Apigawa  usd  usikari  yaitiwa wira upé rupi
man go search thicket  lower part in through

Figure 2. Yauti’s dependency tree for (2) after disambiguation of apigawa.

Updating the lexicon, however, does not solve all cases of unknown words. Con-
sider u in (3), lemmatized only as a conjunction in [Avila 2021]. Creating a lexicon entry
for such ad hoc, non-conventionalized forms would be of little use. Instead, they are
processed with special tags, which instruct Yauti to perform specific actions on a token.
In Figure 3, the human annotator edits the input string, tagging the unknown form as



u/=1int j. This triggers a function that creates a Token with the properties of lexical-
ized interjections. Note that the tagged input string is stored in the custom inputline
metadata attribute, which has proven useful for various documentation purposes—such
as tracing annotator decisions, revising annotations, and training new annotators.

(3) Yauti usuaxara: — U!
tortoise 3:answer u
“The tortoise replied: “U!™”

>>> s='''Yauti usuaxara: — U/=intj! (p. 210) O jabuti respondeu: — U! - Iauti oguaxara: —-ur
>>> Yauti.parseExample(s, 'Magalhaes1876',10,5,240, annotator='Leonel Figueiredo de Alencar')

# sent_id = Magalhaes1876:10:5:240

# text = Yauti usuaxara: - U!

# text_eng = TODO

# text_por = 0 jabuti respondeu: - U!

# text_source = p. 210

# text_orig = Iduti ocuaxdra: -u

# text_annotator = Leonel Figueiredo de Alencar

# inputline = Yauti usuaxara: — U/=intj!

1 Yauti yauti NOUN N Number=Sing 2 nsubj  _ TokenRange=0:5

2 usuaxara suaxara VERB v Mood=Ind|Person=3|VerbForm=Fin @ root . SpaceAfter=
No | TokenRange=6:14

3 H H PUNCT  PUNCT 2 punct TokenRange=14:15

- - PUNCT  PUNCT 2 punct TokenRange=15:16

u u INT] INTI 2 discourse _ SpaceAfter=No|TokenRange=17:18

! ! PUNCT  PUNCT 2 punct  _ SpaceAfter=No|TokenRange=18:19

ous

Figure 3. Using the special tag =int j to analyze the interjection u in (3).

The special tag syntax supports colon-separated keyword parameters of the form
argl|val, where argis akey and val is its value, as illustrated in (4) and (5). The form
po is a Portuguese interjection, and segurari is a coinage based on Portuguese segurar
‘to hold’; neither is lemmatized in [Avila 2021]. The arguments o and s specify the
original language and the source form (if different from the value of FORM) of a non-
native word embedded in a Nheengatu sentence. From this information, Yauti builds the
MISC features Orig=enganar and OrigLang=pt for (5) [de Marneffe et al. 2024b].
Note that Nheengatu phonology and morphology are interwoven with the Portuguese verb
segurar ‘hold’ in (5). Such code-mixing is especially common in Christian religious texts
[Aguiar 1898, do Brasil 2019] and among contemporary bilingual speakers [Taylor 1985,
Moore et al. 1994, da Cruz 2011]. Similar tags handle other non-Nheengatu elements.

(4)  “Po/=intj:olpt!”, unheé yepé/art apigdi/n maxi. ‘“Gee!” said a leper man.
[da Cruz 2011, p. 261]

(5) Tenki resegurari/=v:olpt:slsegurar ‘You have to hold’ [da Cruz 2011, p. 514]

Another application for special tags is word formation. One typi-
cal example is reduplication, a morphological process that is very common in
Amazonia and elsewhere [Dixon and Aikhenvald 1999, Gémez and van der Voort 2014,
Inkelas and Downing 2015, Beck 2017]. In principle, all Nheengatu verbs and adjectives
can undergo reduplication, whereby a stem or part thereof is repeated, conveying itera-
tion, high intensity, etc. [da Cruz 2011, Navarro 2016]. Yauti analyzes fully reduplicated
active verbs without human intervention if, following [Avila 2021], a hyphen separates
the reduplicant from the base, as in fukd-tukd ‘to beat repeatedly’. However, [Avila 2021]
does not apply this convention consistently: the hyphen is missing in some lemmas, as in
werdwerd ‘to shine intensely or continuously’ and sadsad ‘to try repeatedly’.

Partial reduplication in Nheengatu is quite challenging to parse automatically. It
can be both prefixal and suffixal (6), as well as infixal (7). It involves prosodic structure
[da Cruz 2011, da Cruz 2014], which is not easily recoverable from the spelling.



>>> Yauti.pp('Aiwana ainta/pron uwari i/pron2 ara-pe, umusasaka/=red:1|2:p|2 pawa/total sukwera/abs.')

Aiwana aiwana ADV ADVT AdvType=Tim 3 advmod _ TokenRange=0:6
2 aintd aintd PRON PRON Case=Acc,Nom|Number=Plur |Person=3|PronType=Prs 3 nsubj  _ Tok
enRange=7:12
3

uwari wari VERB v Mood=Ind|Person=3|VerbForm=Fin © root _ TokenRange=13:18
4 i i PRON PRON2  Case=Gen|Number=Sing|Person=3|Poss=Yes |PronType=Prs 5 nmod: poss
_ TokenRange=19:20
5-6 ara-pe _ _ _ _ _ _ _ SpaceAfter=No|TokenRange=21:27
5 ara ara NOUN N Number=Sing 3 obl _
6 pe upé ADP ADP AdpType=Post|Clitic=Yes 5 case _ _
7 2 2 PUNCT PUNCT _ 8 punct _ TokenRange=27:28
8 umusasaka musaka VERB v Mood=Ind|Person=3|Red=Yes|VerbForm=Fin 3 parataxis _
TokenRange=29:38
9 pawa pawa PART TOTAL  Aspect=Compl 8 advmod _ TokenRange=39:43
10 sukwera sukwera NOUN N Number=Sing|Rel=Abs 8 obj _ SpaceAfter=No | TokenRange=44
:51
11 . . PUNCT  PUNCT  _ 3 punct  _ SpaceAfter=No| TokenRange=51:52

Figure 4. Yauti’s analysis of infixal reduplication in (7).

(6)  pikii-kii dig-RED or piku-pikiii RED-dig ‘to dig a lot” [Avila 2021, p. 598]

(7) Aiwana aintd u-wari i ara-pe, u-mu-sa-saka pawa s-ukwera
then they 3-fall him top-on 3-CAUS-RED-detach TOT NCONT-flesh
“Then they fell upon him and tore his flesh apart.” [Rodrigues 1890, p. 37]

To handle partial reduplication, we extended the inventory of special tags with
=red, which requires the specification of the length of the reduplicant as a value of the
parameter 1. It is incumbent on the human annotator to attach this special tag with the
appropriate parameters to each partially reduplicated word. In Figure 4, p|2 and 1|2
indicate that the reduplicant starts at position 2 in the stem and has length 2. These values
are passed to the handlePartialRedup function, which lemmatizes the verb and
constructs its morphological features, including the feature-value pair Red=Yes, which
signals reduplication in some UD treebanks for South American Indigenous languages.

The handlePartialRedup function performs lemmatization from left to
right by default, stripping length characters from the stem, starting at position
0 by default or at the position specified by the human annotator in case of in-
fixal reduplication. Suffixal reduplication is handled with the key-value pair u|t.
This is converted to suffix=True and passed to handlePartialRedup, which
performs lemmatization from right to left using the value of length. Non-
hyphenated full reduplication constitues a special instance of partial reduplication, e.g.,
asadsad/=red:1|3 ‘Itry repeatedly’. The special tag =red can also pass other argu-
ments to handlePartialRedup. For example, to parse purapuranga ‘very beautiful’,
the annotator attaches the tag =red: 1|4 : x| a, instructing Yauti with x | a to assign pu-
ranga ‘beautiful’ the adjective XPOS tag.? Since reduplication is more common with
verbs in Nheengatu, the xpos argument defaults to ' V' .

Figure 5 exemplifies =red with additional parameters. In this sentence, ganari,
coined after Portuguese enganar ‘to deceive’ and not listed in [Avila 2021], is redupli-
cated. The human annotator is therefore instructed to treat it as non-native, specifying the
original language and source form with o | pt and s | enganar.

3. Annotation of Non-standard Language

This section describes the formal mechanisms implemented to annotate different kinds of
non-standard language, thereby preserving the characteristics of the source texts—which
can be relevant for training robust parsers—while enabling structured manipulation of

2This word also functions as a manner adverb in Nheengatu [Avila 2021, p. 640].



>>> s='''Ti mad/cond aganaganari/=red:1l|4:0|pt:s|enganar. (Example No. 1029 Wr, p. 503) N@o enganaria. - ti=maa a-g
ana~ganai'''

>>> Yauti.parseExample(s, 'Cruz2011',0,0,119,annotator="Leonel Figueiredo de Alencar')
# sent_id = Cruz2011:0:0:119

# text = Ti maa aganaganari.

# text_eng = TODO

# text_por = Nao enganaria.

# text_source = Example No. 1029 Wr, p. 503

# text_orig = ti=mad a-gana-ganai

# text_annotator = Leonel Figueiredo de Alencar

# inputline = Ti mad/cond aganaganari/=red:1|4:0|pt:s|enganar.

1 Ti ti PART NEG PartType=Neg |Polarity=Neg 3 advmod _ TokenRange=0:2

2 maa maa PART COND Modality=Cond | PartType=Mod 3 advmod _ TokenRange=3:6

3 aganaganari ganari VERB v Mood=Ind | Number=Sing|Person=1|Red=Yes |VerbForm=Fin 0 roo
t _ Orig=enganar |OrigLang=pt|SpaceAfter=No | TokenRange=7:18

4 . PUNCT  PUNCT  _ 3 punct  _ SpaceAfter=No| TokenRange=18:19

Figure 5. Analysis of prefixal reduplication of ganari ‘deceive’.

the treebank, such as retrieving occurrences of specific forms or lemmas. We first ex-
plain how Yauti deals with unknown words resulting from typographical errors (typos)
in the source text. Typos are marked with Typo=Yes and fall into three main cate-
gories: (i) misspelled words, (ii) wrongly merged words, and (iii) wrongly split words
[de Marneffe et al. 2024c]. We then describe the technique developed to process the mor-
phosyntactic particularities of historical texts. They also represent deviations from the
standard language but are annotated with St yle=Arch [de Marneffe et al. 2024c].

In (8), kunhambukii is a type (1) spelling error handled by the special tag =t ypo.
This tag requires the correct form and optionally accepts x for XPOS and n for another
special tag. Example (9) shows the latter: mumunéu should be corrected to muamunéu
‘to dress’, but since the verb is in the middle voice, handled via =mid, the argument
n|mid instructs Yauti to remove the prefix yu from xayumuamunéu, allowing correct
lemmatization and feature assignment (Figure 6).

(8) i remixira usuaxara kunhambuki/=typo:clkunhamuki:x\n marika upé
his roast 3:answer woman belly in
‘the roast replied from the girl’s belly’ [Rodrigues 1890, p. 65]

(9) Xasu xayumumunéu/=typo:clxayumuamunéu:nlmid.
Is:go 1s:MID:dress
‘I will get dressed.” [Hartt 1938, p. 334]

root
/auxﬁ punct
Xast xayumumunéu

Number=Sing|Person=1
Typo=Yesl|Voice=Mid,Pass
CorrectForm=xayumuamunéu

Figure 6. Dependency tree of (9) with sample features.

In (10), Intiawd results from merging inti ‘not’ and awd ‘someone’, exemplify-
ing type (i1) error. The special tag =spl triggers splitting the token into two syntactic
words w; and ws, whereby w, is assigned to the w parameter. The x | ind argument



disambiguates the split-off word as an indefinite pronoun. Conformant to the UD guide-
lines, Yauti inserts Typo=Yes in the FEATS field and CorrectSpaceAfter=Yes
and SpaceAfter=No inthe MISC field of inti. This enriched annotation allows for both
the correction of the spelling error and the accurate syntactic representation of the sen-
tence while preserving the characteristics of the source text. The special tag =sp1l takes
other optional arguments. In (11), the second-class pronoun i [Navarro 2016, Avila 2021]
is fused with the postposition ir@Z ‘with’. Splitting the two words results in i and ri. Since
the latter form constitutes a nonword, the human annotator supplies c | 1 ri, disambiguat-
ing irii with x | adp. The argument-value pair h | pron?2 disambiguates i.

(10) Intiawd/=spl:wlawd:xlind ukwdu aintd nheenga |[...].
no:one 3:know their language
‘No one knew their language [...].” [de Amorim 1928, p. 196]

root

advmod
obj
nsubj /w
Inti awd  ukwdu  aintd nheenga
no one knows their  language

Typo=Yes
CorrectSpaceAfter=Yes
SpaceAfter=No

Figure 7. Dependency tree of (10) with sample features.

(11)  Inti xawatd-kwdu irii/=spl:-wlrii:hlpron2:cliri:xladp
not Is:walk-can with
‘I can’t go for a walk with him’ [Hartt 1938, p. 325]

Type (ii1) spelling error comprises examples like repi sika in (12), where a blank
occurs inside the second person singular form of pikisa ‘to catch’. Yauti handles this
error by combining the special tags =t ypo and =x, which the human annotator appends
on repi and sika, respectively. In the former case, it performs exactly like in type (i) errors,
while in the latter, it assigns the word the dummy UPOS tag X and links it to the preceding
node via goeswith. Figure 8 depicts the corresponding tree after the corrections by the
human annotator, which only affected the auxiliary and the pronoun.

(12) Kiai ana repi/=typo:clrepisika sika/=x aintd [...].
[2S:1MP]go PFV 2s:catch sika them
‘Go get them now [...]."” [de Amorim 1928, p. 444]

The formalism also supports annotating wrongly split words whose second part
displays a typo. In (13), etd is detached from the noun and misspelled as aetd. Assigning
this form the UPOS tag X via =t ypo instructs Yauti to treat it as a split-off segment linked
to the previous word via goeswith, placing its correct form in the MISC field.



root

aux obj

ﬂm

Kii ana repi sika ainta
AUX  PART VERB X PRON
Typo=Yes

CorrectForm=repisika

Figure 8. Dependency tree of (12).

(13) aintd remiré/=typo:clrimirikii-etd aetd/=typo:cl-etd:x|x sui
their wife-PL from
‘from their wives’ [de Amorim 1928, p. 23]

Particularities that Nheengatu lost as it converged more closely to Portuguese
can make 19th-century texts challenging for the modern speaker [Rodrigues 1986,
Moore et al. 1994, Borges 1996, Rodrigues and Cabral 2011]. Simply modernizing an-
cient texts would facilitate understanding. However, this would compromise the tree-
bank’s usefulness for historical linguistic analysis. The Style=Arch feature and the
associated formal apparatus enable meeting both requirements to a great extent. In (14),
puitd ‘to become’ lacks the agreement prefix u. In his modernization, [Avila 2021, p.
382] not only supplies the missing agreement marker but also substitutes modern lemma
pitd for historical puitd. The special tag =mf instructs Yauti to parse both the original
puitd and its modernization. The modern form upitd is passed as the value of the m ar-
gument. Yauti constructs a Token object for puitd with the corresponding lemma and
morphological features, enriched with Style=Arch. The diverging properties of up-
itd, such as lemma pitd and Person=3, are displayed in the MISC field, prefixed with
Modern [de Marneffe et al. 2024b]. Optional arguments enable analyzing much more
complex examples, as shown in (15), where the non-lexicalized verb salvari, coined after
Portuguese salvar ‘to save’, lacks subject agreement and appears in the middle voice.

(14) i pewa kati puitd/=mf:mlupitd
it flat very become
‘it became totally flat’ [Rodrigues 1890, p. 123]

(15) Yepé mira yusalvari-kwdu/=mf:mluyusalvari:n\mid:olpt:slsalvar |[...]?
a person MID:save-can
‘Can a person be saved [...]?" [Aguiar 1898, p. 35]

4. Validation and Evaluation of the Special Tags

A significant deficiency of Yauti before the improvements described in this paper was
that it did not validate the special tags. Invalid tags—whether structurally ill-formed,
containing nonexistent function or argument names, or carrying values of incompatible
types—were either silently ignored or caused Python runtime errors that were difficult to
debug, particularly for less experienced annotators and reviewers. To improve annotation
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consistency and facilitate revision, we implemented a multi-level tag validation mecha-
nism, loosely inspired by the Universal Dependencies (UD) validation system.

The first level is syntactic validation. It is based on an EBNF grammar defining the
language of special tags. Using the Python Lark library,’ this grammar is compiled into a
parser that generates a syntax tree for any well-formed tag according to the grammar; oth-
erwise, it raises an UnexpectedToken exception. Each generated tree is transformed
into a Python dictionary with keys for the different components of the tag, such as the
function name, a dictionary containing the argument-value pairs, and so on. The next
step is semantic validation. Functions and arguments are checked against function signa-
tures specifying the sets of required and optional arguments (Listing 2). Afterward, string
values intended to represent booleans or integers are converted into their corresponding
Python types to ensure type correctness during execution. Specific exceptions are raised
upon failure of any of these procedures.

Listing 2. Sample function signatures for semantic validation of special tags.

SIGNATURES = { : | : set (), R ’ bods
: ¢ b : { ’ ’ ’ ’ |
: : set (), : { ’ bk
N : b t A
R Y I R ’ r ’
: R by R p Yot}

4 ’ 4 14 4 }7}’

ok

At runtime, each special tag invokes a Yauti function that manipulates the tagged
token. For instance, the tag =red triggers the function handlePartialRedup. The
arguments specified in the tag are passed to the function. Before invoking the function,
however, additional constraints are checked for specific parameters. The value of o must
be a valid 2-letter or 3-letter language code according to the Python iso0639 library,
while h and x must belong to the inventory of XPOS tags. Finally, inside the function,
the correct form and modern form specified as values of the ¢ and m keys, if present, are
checked against Yauti’s lexicon entries.

We implemented tests for different levels of validation. The first test set targets
syntactic validation and includes 21 well-formed tags and 34 ill-formed ones. As ex-
pected, the former were accepted by the syntactic validation function, while the latter
were rejected. To evaluate semantic validation, we constructed two sets: 35 valid tags
(hereafter PSEM) and 40 invalid tags (NSEM). Running pytest on both sets yielded
the expected outcomes: all valid tags passed, and all invalid ones were rejected. Next, we
created a combined test set by unioning PSEM with BTAGS, the set of 181 distinct combi-
nations of function and arguments extracted from 344 total instances in UD_Nheengatu-
CompLin. BTAGS includes examples of 19 out of the 20 tags defined in the function
signatures, the most frequent being =mf and =t ypo (see Figure 9). We then augmented
NSEM by injecting errors into BTAGS using various invalidation strategies—e.g., remov-
ing required arguments, inserting unsupported arguments, or replacing the function name
with an undefined one. After this step, our final test set included 416 cases. Running
pytest confirmed that all tests were handled correctly by the validation logic.

The 344 instances of special tags occur in 231 sentences. To evaluate their

Shttps://github.com/lark-parser/lark
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Figure 9. Relative frequency of special tags in UD_Nheengatu-CompLin on 2025-
06-24 (N = 344)

functionality in realistic scenarios, we ran Yauti’s parseSentence on the respective
inputlines. Two cases failed due to validation errors. One involved a missing ar-
gument (a | t) for =ev, the function for evaluative suffixes [Rio-Torto 2015], which pre-
vented proper lemmatization of wirawasumir? ‘little hawk’ from wirawasi ‘hawk’. The
other exposed a bug in handlePartialRedup. After correction, all sentences parsed.
Using Scikit-learn [Pedregosa et al. 2011], we computed macro F7, weighted F7, and mi-
cro F} scores for the features of the tokens with special tags in this sample, obtaining 0.92,
0.96, and 0.96. A cursory inspection of the individual scores and their confusion matrices
revealed errors in the treebank or in the functions triggered by the special tags. These
results will serve as the basis for a series of issues on the corresponding repositories.

5. Final Remarks

In this paper, we presented significant enhancements to the mechanism of special
tags in Yauti, the tool used to annotate UD_Nheengatu-CompLin. First introduced in
[de Alencar 2023], special tags enable the parsing of words not represented in Yauti’s
lexicon or handled by the tokenizer. We extended the coverage of derivational morphol-
ogy, introducing tags for reduplication, middle-passive voice, evaluative suffixes, and
more. We implemented UD-conformant annotation of typographical errors and stylis-
tic variations. The treatment of complex interactions involving typos, derivation, archaic
forms, and code-mixing was exemplified. A second contribution was the implementation
of a multi-level validation system for special tags, whose correctness was demonstrated
through hundreds of test cases.

There is ample room for future improvements. Yauti currently consists of a series
of scripts; refactoring it as a modular library would facilitate tighter integration with the
validator. The handling of sentences involving multiple interacting phenomena remains
somewhat ad hoc. A more principled approach could leverage function embedding via
nested tagging. Another avenue of research is to automate the treatment of some phe-
nomena currently handled by special tags, thereby reducing human annotation effort—
an endeavor that requires more training data or a deeper understanding of the linguistic
mechanisms involved.
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