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1. Introduction

“This paper describes the development of a finite
state transducer (FST) for the inflectional system
of verbs in Tsuutina (IS0 639-3: srs), a highly

expansion of this FST architecture with a larger set
of intransitive verbs, as well as to cncompass
transitive verbs of various argument structures,

tables would be impractical. The FST automates
this and responds to the Tsuut'ina community’s
desite fr computcrsod langungs toks tht are
typical FST applications, such as
murphuluglca\ly enhanced online  dictionary,
spellchecker, and predictive word suggestions on
mobile devices. Through the integration of this
FST with the GiellaLT infrastructure, all of these
applications are readily derivable from the FST
deseribed in this paper.

1. Basic FST Architecture for Tsuut'ina
Intransitive Verbs

Arppe et al. (2017) presented the creation of the
core architecture of the FST for T
verbs do not use a simple,
derivational -+ inflecionl concatenation; raher
the three types
Fiure 2, The il e or et theme” coneio
of a stem on the right edge, a voice/valence prefix
directly 10 its lefl, and up t0 three prefix positions:
inner lexical, a middle “areal slot (the areal prefix
being a historical agreement prefix referring o a
plac or sution,but oy exicalzed s part of
many verb them s bl posion.
See Rice (2000, Hofer (1945 nd Sepir
Hoijer (1967) for basic references on lgmplalg
structure.

The inflectional tier includes categories of
viewpoint aspect, mood, as well as number and
erson agreement for subjects and objects. For the
basic FST described Arppe et al. (2017), three
insertion poins in the verb word were necessary:
1) the outer inflectional zone dircetly to the right
of the outer lexical prefixes (1o handle the
distributive plural), 2) the middle zone between the
areal and the inner lexical prefixes (where third-
person unspecified subject prefix 5%~ and third-
person plural subject gi- are found), and finally 3)

allomorphicco-occurrence
TAMA chunks and lexical portions.

Computationally, the FST uses a ‘chunking’, or
. approach 1o the combination of

ind agreement prefixes to the left of
the classifier,. This whole area is ofien collapsed
into single syllables whose_internal complexity
(see Rice 2001) would be quite hard to model in a
fully decomposed form. The portmanteau approach
has'some support from linguisti studies—see Rice
et al. (2002) for psycholinguistic results involving
Suliné; Young and Morgan (1987), Faltz
. and MeDonough (2000) for Navajo,
Holden (2013) for Dene Suliné and Leer (1999)
(inter alia) for comparison across multiple Dene
languages. From the perspective of FST modelling
it simply made the complexity more manageable,
as only the junctures between the TAMA chunk
and the surrounding morphemes are visible o the
‘model. Because both the lexical and inflectional
tiers of the morphology are discontinuous, we
make use of three separate finite-state models for
each of the three inflectional zones, as well as a
fourth for the lexical tier (including the stem at the
right edge and the possible preceding
discontinuous lexical prefixes), all specified with
the lexc formalism (Beesley and Karttunen, 2003).
Using finite-state operations, the three inflectional
component FSTs are inserted in the appropriate
slots within the lexical tier (see Arppe et al. (2017,
S8, ex. 2) for the master specification). The
morphophencnic processe e modeled it
contextual rewrite rules using st (Beesley and

ritunen, 2003). The resultant fifth FSM is then
composed together with the morphological FSM. A
sixth FSM is concatenated with this to link flag.
diaerities with morphological feature tags. Figure 2
outlines the structure of these six constituent
FSMs

The slots for inflectionsl morphemes within the
lexical tier are indicated by a specific notation (see

ser
boundary (where. objec
person subjects are located), and
for the outer boundary (where the di

plural prefix can oceur). A system of flag diacritics
then filiers out disallowed combinations (i..
implements co-occurrence restictions).

2. An Overview of Participant Marking in
Tooutina Verba Morphology

A single inflected form such as (1) can index up to
three event partcipants with pronominal markers
appearing in several places in the verb-word (in
boldface)

[0} nmghammwh\ld:m a
i-nis-s chid=iit'a

55610-10-256.00. 156 S IPFY-VV-RedIPFV=FUT -ASKT
“I'am going to feed you to it

In this example, inflectional markers related to
event participants appear at several points: at the
far left edge of the verb word, with an 3G indirect
object mi- marked before the incorporated
postposition oghi— ‘10’; afer that postposition,
< and immediately

portmanteau
‘morpheme nis- representing the 1SG subject form
of the ni- imperfective paradigm with an s- voice-
valence marker.

e Jr—

e,

inflectional zones of

Figure 1: FST conventions
gudilod ‘she jumps down’

In order to extend the previously proposed FST

architecture to represent non-sub

ject event

participants, then, several other linguisic facts need to

be taken into consideration:

1. Object-marking patterns need to be implemented
represent both the indirect and direct obj
morphology scen in (1) above

2. Interactions between subject and object-marki
morphology need 10 be represented adequately in
expanded computational model,
objects have different realizations when acted on

e

ing
an

The third-person

by

third-person vs. non-third-  person_subjects. Some

subject markers” positions may differ based on

the

presence or absence of certain object markers, such as

gi- 3PL, which typically appears as a middle pre

fix

(2a), but can also appear at the left edge of the word

when combining with y:

(2b)
(). soghagist
si-oghi-gi
15G.10-t0-3PL-3IPFV-VY-handle nimste PFV.
*They will give something (animate) to me.”
b, giyoghist

sioyi-oghi-ics i

3D in 3PL>3SGIO contexts

3PL3DIO-0-r PPY-£ VY- hndlc nimate IPFY.

“They will ive something (animate) t himfherft.”

An expansion of the FST model of Tsuut'ina verbal
morphology that aims to include all the attested pat-
tems of verbal participant marking thus presents a

potentally valuable “stress test” of the existing fin
state architeeture for Dene languages, particularly
its ability 1o generate and recognize a much wi
range of verb forms. As

ite-
ider

note below, applying such

a model 10 a much larger lexical sample also raises

questions about current conceptions of wh

at

constitutes a lemma in morphologically rich languages

such as Tsuutina, and of where the boundary lies

between inflectional and derivational information in
I

Dene verbal morphology.

3. Expansion of the Inflectional Tsuut'ina FST

it expansion is meant to generate ful

The currer
inflectional paradigms for a :omvr:henswe range of
i glossary.

bs as represented by the Onespot-Sapi

i

This includes all trnsitive, oblique object and
ditransitive_cases in this database. We have not

FST ihe becaue t madethe modeling sl much
inchoative

Figure 2: Core FST architecturc

3.2.1. Inner zone TAMA inflections

The point direetly o the left of the stem-classi

fer

com- bination i the most complex site of inflection

od and person

agreement are found. Prefix sequences here are
reated as cumulative morphemes informally called

“TAMA chunks".6

Dene languages have derivational situation aspect
‘marking (see Rice (2000) for a further discussion)
In dynamic, transitive transitional verbs such as
(2b) above, the low tone is present with the mi
object prefix (e.g., nagiminisia ‘I am setting them

(gimi-, with low- tone i-) down‘), but absent with

a

full nominal complement (c.g.. tich'dkd nnista ‘1
am sciting the dogs down’ (no low tonc)). To

handle this, we added the
structure “transitional_transitive”
distinet transitional TAMA chunk allomorphs.

322 Middle Zone Inflections

The “outer subject” prefixes 1y'i-
subjct and - i person plorl b i s
zone were already in the intransitive model
Arppe et a

point for the dircet object prefixes, so adding thes

corresponding prefixes are exemplified in the fex;
excerpt below.
LEXICON Transitive-Markers

115G direct obj. (e.2.. m,m *you saw me")

@U.OBJECTPERSO]
au ()BIELTNUMBER sGa
@PPREFIX MIDDLE@si  Outer-Subjects:

The flag @U DIRECTOBIECTNOMINAL@ tells
the FST to use the zero allomorph (ic., no prefix
ien n it oun i prsn, whie the g
RECTOBJECTNONE@ is followed by
@pmwx MIDDLEG@yi, tlling the FST to add
the object prefix yi- in the absence of a direct
object noun. The reflexive and reciprocal objects
are handled in their own continuation lexica as
lue to a number of linguistic complexities

(see lexc definitions below).

exive-Dircet-Objects
U SUBECTNOMBER 568

@USUBIECTPERSON.1@

@U OBIECTNUMBER SG@idi

ind semlfacie vr:ﬁxes in Scction 3.2.1 and of the

conative in Section 3.2.5)
odel’s output fit with Tsuutina_communit

o in order to make the

y

language teaching taditions and priorities  (see

Section 3.1's discussion of
rogressive aspects). The following section

P will
review the language source data used for this

the repetitive and

i

expansion, and Section 3.2 will address the new
characteristics of FST modelling of ransitive verbs

and the other argument structure types.

3.1. Re-clicitation and Organization of the
ir Glossary

Onespot-Say

The source material was an unpublished_glossary
collected by Edward Sapir and John Whitney-
Ovespot i Towmr i 1922 st conti ueros

b paradigms. In the 19905, Tsuulina communit

il and spesker Brce Stalghtand collsborator
G

Donovan started transcribing and

editing Sapir

ary
and Whitney-Onespot’s notebooks (see Starlight et al.

2016).

Paradigms were labelled for argument structure,
transitvity, aspect, and TAMA chunk subtype by co-

author Hold

author Cox). and the specific. allomorph

len (sometimes in consultation with co-

combination of the stem + lexical prefixes for each

value was recorded (with some temporari

ily

excluded because their TAMA pattern was unclear, or
some other factor that required verification by

speakers).

The verb forms were assigned to lemmas, each of
which would stnd for 3 gowp of inficted

wordforms. We treated repetiive
aspects \Imsmsncalb‘ den\'ﬂmmh as inflections
make the

3.2, Expansions Needed for the Onespot-Sapir
Glossary

and progressive

o

ible with Tsuut'ina

convention already adopted for the intransitive model

(Arppe etal., 2017)

“The Onespot-Sapir lst contains close 0 9 thousand

ver- bal wordfor

The fexc excerpt below shows the argumes

nt

structures and associ- ated flag diacritcs, with all

except the first two being novel 1o the expanded FS
LEXICON Roor
v NCEIMPERSONAL®
Distributive;
@u VALENCEINTRANSITIVEG SujccOnly:
VALENCE TRANSITIVEG
Subj:s.lAndDueﬂObjerl
@U.VALENCE OBLIQUEOBJECT@
s.m,ma.\aom,qmom ;s
LENCE DITRANSITIVE@
SUBEDITOROObqucObjct:
@U.VALENCE EXPERIENCER
OblgucObcOnly:
ALENCE.TRANSITIONAL@
Sub,cuAmlDlmlOchL

Given that inflectional material can be found
several zones of the verb, expanding the range

.

of

verbs and argument structures requires an additional

inflectional prefix position as well as an increase
the range of prefixes found in existing slots.

@USUBIECTPERSON 30

@U SUBJECTPERSON 4@

specific argument
in addition to

“impersonal

s

201 This i the primary nction

325, Conative Paradigms
‘The conative con- tributes a meaning loosely
glossable as “attempt” or ‘at 10 the verb (e..
“shoot at’ versus just ‘shoot). In other cases
the conative is vestigial or it is hard to see
what s exact contribution is, as in (3)

@ yidi
3D CON call IPFV.
“shhe is calling him/her’

Formally the conative oceurs between the
direct object prefixes and the third-person
subject prefixes, directly in the middle of

chitecture was not designed to break up the
middle inflectional zone, a unique flag
ded to conative verbs,
@U.CONATIVE.ON@, which ensured that
the conative prefix was inserted in verbs that
were lex- ically specified to be of this type.

32.6. Object Experiencer Verbs
The lefi-edge position is also an inflection
site used to generate what we termed object
experiencer verbs- single-actant predicates
whose object markers refer to the semantic
experiencer of an event. In famiyiit “helshe!
itis floating’ in (4), for exampl, the person
floating is expressed by the object marker

@ mmlyml

yi-0-it
on 3,00 CON 3 PROG VV flat
“helshelit is floating (in one spot)”

To implement object experiencer verbs, the
FST must exclude any subject other than
third person and specify the proximal third-
person object for third person experiencer
(There can be no distal third person marking
for these themes, as the morphological
subject is suppressed.) We used the ﬂag
ritics @U.VALENCE

EXPERIENCER@

@U.VALENCE OO-EXPERIENCER@ for
direet- and oblique-object experiencer verbs,
respectively, to pre- vent any subject person-
number combinations other than- third-

5. Conclusion and next steps

We have demonstrated that a working
full-scale finite state model can_be
created for Tsuut'ina, and thus Dene
languages in general, implementing all
argument type of verbs, the
morphologically most complex word
class with a comprehensive lexicon. This
expansion has it performance challenges,
ie. its relatively large size and
concemingly slow speed would render

envisioned solutions to these challenges.
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LEXICON Reciprocal-Dirct-Objects
@UOBJECTNUMBER PL@
@U SUBIECTNUMBER PL@

@U SUBJECTPERSON.| @il Filier Tramsiives:

32.3. Outer Zone Inflections

The outer insertion point on]y takes the da-

ibutive prefix. While da- us

di wally pluralizes the
ubjcct, fo ransitive stems the disributive can refer

to plurality of cither the subject or the object. The

second line would be marked “NoDistributive’
Subject and direct object are both singular

it

In any verbs whose object markers occur in the left-

below), the distributive can refer o cither subjects

or (obligue or formerly oblique) objects. This

is

accounted for in a special lexicon for subjects with

oblique objects,
definitions.

LEXICON SbfcttndoniqnOis
@U SUBJECTNUMBEE

@UOBLIQUENUMBER PL@ Distributive:
@

@ SUBIECTNUM:
@UOBLIQUENUMBER SG@ Distibutive
Usu RSON.

@UOBLIQUENUMBER SGa Distibutive:
@U SUBIECTNUMBER SG@
@UOBLIQUENUMBER SG@ NoDistributive:

324, Left-edge Inflections
In this

shown in the following lexe

expanded model, a fourth inflectional zone

was necessary at the left edge of the verb word. If

it e e sone) O the postposition’

preverb is. lexi
Tansparen, This was seen in example (1
where at the Teft edge the third-person object mi- i
added to refer t0 the object of the
normal direct object o
mooadpmm st oy,
ditran verb. The verl

incorporated
douleotjct makc i s 1t  pree), T

icalized so its meaning is not

fon of s+chutcontains

poslpbsl\mn complement, resulting in

e

@U VALENCE! DITRANSITWEC 1o these cases.

If the original analytical construction was
actat ver with an abliqus bjot complemet,
incorpo- ration of the postpor

a two-

e

results in a direct

transitive verb where the direct object inflection
oceurs at the left edge, rather than the standard

middle position. The FST treats these as oblique
object verbs with the flag diacriti
@U.VALENCE OBLIQUEOBJECT@. As with th
case of the direct objects, the object prefix i
suppressed when an overt nominal is preset, so th
FST must implement a null allomorph in thes;
cases.

<
e
s
e

As with the transitive verbs, the 3rd person,

reflexive and reciprocal were handled in separat
lexica, becau
proxiral alternations and classifier changes apply.

e

se the same mules regarding distal/

water or kettles). The
transitive verb fyin ‘to sing (i)', can only
take third-person objects. To prevent these,

ERSON3@ were added 1o require. third-
person singular forms.

4.Size and Performance

The current_extended lexicon contains
altogether 1,557 lexemes, distributed among
various argument structure types and
subtypes as shown in Table 1. On average,
these lexemes have 162 suppletive verb
theme var- ants, with a median of 1.0 and a
maximum of 11 theme allomorphs per
lexeme (resulting from multiple allo-
morphic_variants for the same aspectual
value). This means that some suppletive
forms are missing from the Onespot-Sapir
lossary, and must be licited from flu- ent
speakers.

gment st

w 150 losiine
@ 18 Tuni
» [T e ——
S 136 OnlquOneeExporncer
g 167 ovimeonee
2 2w vmmmsw,mu..uunw
H 190 T DlewOnsEony
H 100 Db
T 400 Dumsive
I 100 I SutiSopprescd]
' 100 Invuniine Su{dPersanionly
1557 1 TomAL

Table 1: Counts of lemmas and average theme allo-
fferent argument strctur types.

When compiled with Foma, this entire FST is
quite large, at 63.2 MB in overall size, with
1,664,399 states, 4,143,483 arcs, and more
than 9 x 1018 paths (before pruning based on
flag diacritics). The number of verbal
wordforms that this FST covers is
nevertheless finite, adding up to 1.472,669
forms in total that take 15 minutes to output
using the pairs command in Foma. In terms
of speed, this expanded FST is noticeably
slow in analyzing wordforms (2min 2.575 for

alarmingly snail-paced in generating the
same 1000 wordforms (43min 6.275). This is
caused by the original design of the FST,
where the flag-diacritic that constrain_ the
acceptable strings are largely specified at the
right edge of the FST, thus resulting during
the FST lookup, reading the network from
lelito-right, in the generation of a_ huge
number of possible strings before
encountering the limiting flag diacritics. In
linguistic. analysis, though, the wordform
string strongly restricts possible analyses,

specify constraining flag diacritics at the left
edge of the FST, at the beginning of the
lexical tier, which, though feasible, would
involve reconfiguring the matching flag
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