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Abstract

In this paper, we describe an in-progress, free
and open-source Finite-State Transducer mor-
phological analyzer for an understudied Nahu-
atl variant!. We discuss our general approach,
some of the technical implementation details,
the challenges that accompany building such a
system for a low-resource language variant, the
current status and performance of the system,
and directions for future work.

1 Introduction

Mexico is home to more than 68 indigenous lan-
guages, virtually all of which are considered endan-
gered. Nahuatl, which served as the lingua franca
of Mesoamerica in the centuries prior to the Span-
ish invasion and the primary indigenous language
used in Mexico for long afterward, is today the most
widely spoken indigenous language of the region at
1.5 million speakers. Despite this, the significant
reduction of intergenerational transfer as a result of
socioeconomic pressures and marginalization of in-
digenous communities has resulted in a precarious
outlook for the future (Olko and Sullivan, 2014).

Computational tools for endangered languages
can play a useful role in maintenance and revitaliza-
tion efforts (Reyhner, 1999; Ben Slimane, 2008).
Nahuatl, like many other languages of the Ameri-
cas, however, has received relatively little attention
in the fields of Computational Linguistics and Nat-
ural Language Processing (Mager et al., 2018).

Automatic morphological analysis is fundamen-
tal to many language technology applications. A
few example applications of a robust morphologi-
cal analyzer for polysynthetic languages include in-
telligent dictionaries, spelling correction, and rule-
based machine translation.

"https://github.com/apertium/apertium-nhi
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1.1 Related Work

The Finite-State Transducer (FST) is a powerful
formalism for modeling natural language morphol-
ogy (Beesley and Karttunen, 2003), and has been
applied to the computational processing of count-
less languages. It is particularly attractive in the
low-resource case since it requires substantially less
data than data-driven statistical approaches. Thou-
venot (2009) released a morphological analyzer
for Classical Nahuatl (CN), the urban variant of
Nahuatl attested from the time of Spanish invasion
through the 19th Century, called Chachalaca. This
analyzer has some limitations, however, since it can
only handle single-word inputs and only runs on Mi-
crosoft Windows. More recently, Farfan (2019) de-
signed an FST analyzer based on Classical Nahuatl
grammar in order to analyze the similarities and dif-
ferences of writings in contemporary Nahuatl va-
rieties. Maxwell and Amith (2005) described a
project for leveraging Finite-State Transducers to
document Nahuatl grammar. Neither of these last
two works have been made publicly available.

Our motivation stems from a personal connection
of the first and third authors with a ZATN-speaking
community. The third author is a native ZATN-
speaker.

2 Zacatlan-Ahuacatlan-Tepetzintla
Nahuatl

Nahuatl is a polysynthetic, agglutinating Uto-
Aztecan language continuum spoken throughout
Mexico and Mesoamerica. The Mexican Govern-
ment’s Instituto Nacional de Lenguas Indigenas (IN-
ALI) recognizes 30 distinct variants (INALI, 2009).

Zacatlan-Ahuacatlan-Tepetzintla Nahuatl
(ZATN), (also referred to by INALI as Ndhuatl de
la Sierra Oeste) is a Nahuatl variant spoken in the
Northwestern Sierra region of the state of Puebla,
Mexico, mainly in the municipalities of Zacatlan,
Ahuacatlan, and Tepetzintla. As of 2007, ZATN

Proceedings of the 4th Workshop on the Use of Computational Methods in the Study of Endangered Languages: Vol. 1 Papers, pages 80-85,

Online, March 2-3, 2021.



had an estimated 17,100 speakers.

While literature about CN abounds (Carochi,
2001; Andrews, 1975; Launey and Mackay, 2011),
and there has been substantial documentary and de-
scriptive work on some contemporary Nahuatl vari-
ants (Langacker, 1977, 1979; Hill et al., 1999),
ZATN has until recently received relatively little fo-
cus (Sasaki, 2015). Petra Schroeder released an
unpublished partial grammar and some descriptive
work of the ZATN variant spoken in San Miguel
Tenango, Zacatlan (Schroeder and Tuggy, 2010;
Schroeder, 2014, 2015). Mitsuya Sasaki published
a sketch of the ZATN variant spoken in Ixquihua-
can, Ahuacatlan (Sasaki, 2014), as well as dialec-
tological overview of the Northern Sierra region
(Sasaki, 2015).

Most ZATN speakers today also speak Span-
ish. Economic pressures, migration, and educa-
tional language policy have left many Nahuatl vari-
ants, ZATN included, facing pending endangerment
(Olko and Sullivan, 2015).

2.1 Morphology

With the exception of a closed class of Particle
words, Nahuatl is generally considered to have two
open word classes, nouns? and verbs, each contain-
ing one or more stems and numerous inflectional
and/or derivational affixes. Both nouns and verbs
take subject prefixes, and can behave as predicates
(1 and 2).

(1) ni- quiza -h
s2PL go.out PL

“You (pl) go out.’

(2) ni- cihua -me
S2PL woman PL

‘You (pl) are women.’

Some scholars of CN (Andrews, 1975; Launey,
1994, 2004) note strong parallels between the two
word classes, and suggest that both are clauses, ei-
ther principal or subordinated as arguments (An-
drews calls these morphologically-complex pred-
icates wordal clauses. Launey coined the term
omnipredicativity to describe this characteristic of
Nahuatl). Alternatively, Sasaki (2012) suggests that
the omnipredicative interpretation may not be nec-
essary. The extent to which ZATN shares om-
nipredicative features with CN is unclear, and such

*We include adjectives in the noun class, as they behave
syntactically and morphologically like nouns. For an investi-
gation of the status of adjectives in a contemporary Nahuatl
variant, see Pharao Hansen (2011)
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an investigation is beyond the scope of this paper.
Throughout the paper we refer to nouns and verbs
as nominal clauses and verbal clauses, respectively.

Nominal stems may take subject and possessive
prefixes, and absolutive, diminutive, and possessed
or unpossessed number suffixes. Since they take a
subject prefix (and the 3rd-person singular subject
prefix is null), nominal clauses can often be under-
stood as predicates, “he/she/it is N”. Noun stems
can be compounded with other noun or adjective
stems to form new nominal clauses (4).

(3) no- -telpoca- -cone- -uh
P0ss.1sG boy baby sc

‘(He is) My baby boy.’

(4) itzeuin- -tomahuac
dog  fat

‘(It is a) Fat dog.

Verbal stems, like nominal stems, take a sub-
ject prefix. Direct and indirect definite object, in-
definite object, reflexivity, directionality, and the
honorific register are all expressed via prefixation.
Tense and aspect are expressed via suffixes, though
the past tense also has an associated required prefix
/o-/. Verbal stems can undergo a number of deriva-
tional morphological processes. The causative (5)
and applicative suffixes change the valency of the
underlying stem, and verb stems can be nominalized
via multiple morphological processes, such as the
addition of an absolutive suffix (6). Verbal stems
can also be combined to form new verbs (7). Noun
incorporation is also possible (8).

(5) ni- mitz- tzahtzi -tia
slsG 02sG yell  caus
‘T cause you to yell.’

(6) mayan -t
be.hungry ABs
‘Hunger.’

(7) y- o- ni- mayan  -calac
PERF PST s1sG be.hungry enter
Tve begun feeling hungry’. (lit. ‘Hunger
has entered me’.)

(8) ni- xoco- cua -s
slsG apple eat Fur
‘T will eat apples’.

2.2 Morphophonology

There are several phonological processes that ac-
company the concatenation of affixes with the stem.



Figure 1: Two-level implementations of the morphophonological processes described in section 2.2. The rule on the left elides /i/
in subject prefixes when the adjacent morpheme starts with /o/ followed by two consonants. It accounts for two-character consonants
tz /ts/, tl /t¥/, and ch /tJ/. The rule on the right defines the simplest version of regressive vowel-harmony (only one syllable to the
left) triggered by the honorific prefix /on-/. The sequence qui /ki/ corresponds to the 3rd-person singular object prefix, and realizes

as either c or qui, depending on phonological context.

Below, we provide two example morphophonolog-
ical processes that should be accounted for in a
ZATN morphological analyzer:

1. Elision of stem-initial /i/ when preceded by /o/
and a morpheme boundary, and followed by
two consonants (/no-itzcuin-tli/ —[no.tzcuin]).

2. Regressive vowel harmony triggered by
the honorific prefix /on-/** (/ti-c-on-niqui/
—[to.c.on.niqui]).

2.3 Distinguishing Characteristics of ZATN

All of the linguistic features of ZATN described
above are also true of Nahuatl in general. Below,
we briefly mention some of the features that distin-
guish ZATN from other variants.

Raising e »i Many of the vowels which are real-
ized in most Nahuatl variants as short /e/ are virtu-
ally all raised to /i/ in ZATN (nicnequi vs. nicniqui
‘T want it’, tetl vs. titl ‘stone’). For a more thorough
treatment of the phonological isoglosses relevant to
ZATN, see Sasaki (2015).

Noun endings In some ZATN varieties, many
multisyllabic noun stems that in other variants take
the absolutive -/i lose this ending (comalli ‘griddle’
vs. comal), and those that in other variants take
the absolutive -li shorten to -# (tipoztli ‘metal’ vs.
tipoztl).

Durative -tfo ZATN is one of a number of Nahu-
atl variants with the durative suffix -fo. It can be
followed by aspect suffixes (9).

©9) o- ni- nihnin-to  -ya
PST slpL walk DUR IMP

‘T was walking’.

3In some Nahuatl variants, /on-/ is the andative directional
prefix. In ZATN as well as many other varieties, it has evolved
to become a reverential marker.

“This vowel harmony generally extends only to the pre-
fix immediately to the left of /on-/: ti-c-on-tlali —[to-c-on-
tlali]. In some variants of ZATN it can extend to every /i/-
containing prefix left of /on-/: /ni-mitz-on-pahpacho/ —[no-
motz-on-pahpacho] (personal correspondence).
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Subject Prefix ce- ZATN exhibits an impersonal
subject prefix, ce- (10).
(10) ce- ya-z
IMPRS 20 FUT
‘We will go’.
(11) 4- ya-z -que

slpL go Fur PL
‘We will go’.

In some areas, such as Ixquihuacan (Sasaki,
2018) and Omitlan (personal communication), the
impersonal subject prefix is in free variation with
the 1st-person plural prefix - (9).

3 Data

Although the FST approach to morphological mod-
eling requires less data than statistical approaches,
written works and lexical resources are critical both
for sourcing stems and evaluating completeness.

With respect to published texts in ZATN, there
are a few. A translation of the New Testament, In
Yancuic Tlahtolsintilil (Wycliffe Bible Translators,
2012) is freely available for distribution but not li-
censed for use in linguistic work. The Summer In-
stitute of Linguistics collaborated with authors from
the Tenango region to produce 17 short written sto-
ries and an illustrated dictionary containing approx-
imately 250 entries. None of these resources are
straightforwardly machine-readable, and they re-
quire explicit consent to use as part of a corpus.

In addition to obtaining permissions to use the
SIL texts (as of writing we have obtained such per-
missions for only one text), we see the development
of the ZATN analyzer as an opportunity to collab-
orate with the language community to develop new
written material. Our collaboration has resulted in
two additional documents which are transcribed and
edited from oral histories of a ZATN speaker from
Omitlan, Tepetzintla. We hope to expand this cor-
pus by encouraging the production of more original
texts and working with other speakers from diverse
locations within the ZATN-speaking region.
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Figure 2: A graph of the current state of the system’s verbal morphotactics. Each node represents a continuation lexicon. In
the names of the continuation lexicons, IV, TV, and TV2 indicate Intransitive, Transitive, and Ditransitive, respectively. As an
example, the word ninechinmacazque, “You(pl) give them(pl) to me” is analyzed with the following path: VerbalSubject(“ni-") —
VerbalObject — TV2-IOBJ(“nech-") — TV2-DOBIJ(“in-") — TV2-Stem — Base3Suffixes(“maca”) — Future(“-zque”) — #.

4 Approach

Our approach combines the usage of reference
grammars for Classical Nahuatl and the Tenango
Grammar, the available written works in ZATN,
and collaboration with native speakers for word
form examples and new corpus development.

We implement our analyzer with HEST (Lindén
et al.,, 2011). A .lexc file defines the stems, mor-
phemes, and the transitions between them. We ac-
count for morphophonological processes via two-
level rules (Koskenniemi, 1983). Figure 1 displays
two such rules, corresponding to the morphophono-
logical processes described in Section 2.2. To han-
dle long-distance morphological dependencies (e.g.
the number suffix of a nominal clause depends on
the presence/absence of a possessed prefix), we use
flag diacritics, which allow storage and access of
values across different states of the FST.

Stems are collected from available ZATN cor-
pora and dictionaries and word lists from other vari-
ants in combination with ZATN native-speaker in-
put, which helps ensure proper conversion from the
other variants. In the future, with enough collected
data, we hope to automate this process of lexical
conversion from well-studied variants to ZATN.

4.1 The Nominal Clause

We group noun stems by class according to their ab-
solutive endings: -# (e.g. cihuatl ‘woman’), -tli (e.g.
tochtli ‘rabbit’), -li (e.g. calli ‘house’), -in (e.g. ticpin
‘flea’), and a class for nouns that do not take an abso-
lutive suffix (e.g. flahuical ‘husband’). These stems
are preceded by subject, honorific, and possessive
prefixes, and followed by number and diminutive
suffixes. Adjectives are listed as a separate contin-
uation lexicon, take the same prefixes as the noun
stems, and can follow noun stems to form com-
pound nouns. Since the 3rd-person subject prefix
is null, nominal clauses that do not have a subject
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prefix are given two analyses: as a plain noun, and
as a 3rd-person nominal predicate.

4.2 The Verbal Clause

We separate verbal stems according to their valence
(intransitive, transitive, and ditransitive) to ensure
the correct number of object prefixes for a given
stem. Central to the handling of the verbal clause
is the generation of stem alternations correspond-
ing to phonological changes of the stem when com-
bined with affixes. Currently, we generate 5 distinct
stem alternations from a canonical form, account-
ing for the present, preterite, and future tenses, im-
perfect, durative, and pluperfect aspects, and coun-
terfactual and optative moods. More stem alterna-
tions will be added to accommodate causative and
applicative affixes. The alternations are generated
programmatically with a Python script that imple-
ments a series of rules based on a description of CN
verb bases in Launey and Mackay (2011), and mod-
ified with information from Schroeder’s Tenango
grammar (Schroeder, 2014) and native speaker in-
put. Figure 2 illustrates the paths through all of the
continuation lexicons used for verbal clauses.

4.3 A Note About Orthography

The usage of the Latin alphabet to write Nahu-
atl has been commonplace since the 16th Cen-
tury. Classical Nahuatl Orthography used primar-
ily Spanish orthographic rules, variably with dia-
critics to represent the saltillo /?/ glottal consonant
and long vowels. The ACK orthography, named
after the three scholars—Andrews, Campbell, and
Karttunen—considered fundamental in its develop-
ment, is similar to Classical Nahuatl orthography,
except that the salfillo is consistently written with
‘h’, and vowel-length contrasts are omitted. We use
ACK orthography for all of the examples in this pa-
per. Mexico’s Secretaria de Educacion Piiblica and
the Summer Institute of Linguistics have encour-



Title POS NTokens N Types Token Cov. Type Cov.
All 738 285 0.83 0.75

Amo Niniqui Niyaz Escuela Nominal Clauses 90 56 0.90 0.89
Verbal Clauses 151 105 0.79 0.73

All 296 168 0.72 0.66

Nochcahuan Nominal Clauses 47 27 0.85 0.89
Verbal Clauses 64 54 0.70 0.67

All 362 177 0.57 0.38

Tiquitini Nominal Clauses 48 27 0.67 0.59
Verbal Clauses 82 71 0.30 0.30

Table 1: Word-level coverage of the analyzer on three ZATN texts. In addition to total coverage, we list the coverage of the
two main open word classes, nominal and verbal clauses (see Section 2.1 for details). All stems from the texts were added to the
analyzer, and as such these numbers exclusively reflect the state of the system’s morphotactics (as opposed to the coverage of the

lexicon).

aged the adoption of the Sistema Prdctico (SP) or-
thography, purporting greater faithfulness between
graphemes and Nahuatl phonemes. There is ongo-
ing debate about orthography and progress in lan-
guage maintenance and revitalization efforts (de la
Cruz Cruz, 2014).

Our initial implementation uses the ACK orthog-
raphy, but we plan to support all orthographies,
and have implemented a FST to convert between
ACK and SP. Straightforward orthographic conver-
sion is complicated by the prevalence of Spanish
loan words as well as code-switching.

5 Evaluation

In this section, we report on the coverage of our an-
alyzer on our existing corpus>. The corpus consists
of three short texts: two original texts created in col-
laboration with a ZATN-speaker from Omitlan, en-
titled Amo Niniqui Niyaz Escuela “1 don’t want to
go to school” and Nochcahuan “My sheep”, and one
text published by an author from San Miguel Ten-
ango, Tiquitini “Hard-worker”, in collaboration with
the Summer Institute of Linguistics. The token- and
type-coverage numbers are presented in Table 1.
Coverage was calculated after adding all stems
from the texts to the analyzer. The reason for do-
ing this was that we are interested in evaluating the
morphotactics of the system. There is no existing
published lexicon for ZATN, so testing the lexicon
size at this point would not have been informative.
The drop in type coverage on Tiquitini reflects the
variation between subvariants of ZATN from dif-
50ur corpus is available in the project repo:

https://github.com/apertium/apertium-nhi/tree/
master/corpus
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ferent areas. For example, the San Miguel variety
of ZATN is unique in its use of metathetic subject
prefixes (for example, the word realized as ni#huili
in most ZATN varieties is realized as in#huili in
San Miguel) (Schroeder and Tuggy, 2010). Until
now the analyzer has been developed in collabora-
tion with a single speaker from Omitldn, and thus
could be overfit to that specific subvariant.

Our error analysis also reveals a lack of sup-
port for directional verbal suffixes (for example,
ni#qu#ita#qui — “I come and see it.”) and extended
vowel-harmony (see footnote 4 for a description).
We also do not yet support locatives like i#fich
‘on/in’ which may undergo contraction, e.g. ich.

6 Future Work and Direction

The current status of the analyzer handles many,
though not all, of the fundamental inflectional mor-
phological processes of ZATN. A primary focus of
our future work is the collection of corpora and
subsequent enhancement of our lexicon. We plan
to obtain the rights to and incorporate as many of
the available ZATN texts as possible into our de-
velopment corpus and continue collaboration with
ZATN-speakers to produce more original texts that
capture the linguistic diversity of ZATN varieties.

On the technical side we will include supporting
directional suffixes, and common derivational pro-
cesses such as the applicative and causative suffixes
as well as deverbalization. Noun incorporation is
infrequent in our data, and as such is yet to be sup-
ported. This will be an important area of future im-
provement as the corpus expands.
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