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1.  Introduction
 The objective of this paper is to present a general computational architecture for practically modeling the com-

SOH[�PRUSKRORJ\�RI�YHUEV�LQ�'HQH�ODQJXDJHV��XVLQJ�WKH�¿QLWH�VWDWH�DSSURDFK�ZLWK�7VXXW¶LQD�DV�D�FDVH�H[DPSOH��
to serve as a basis for various software applications that can be used for the revitalization and continued mainte-

nance of these languages.

 

2.  Morphological Structure of the Dene Verb
The morphological structure of verbs in Dene languages is considered to be about as complex as it can get 

among the languages of the world. However, the overall structure, with outer (disjunct), inner (conjunct), and 

VWHP�µ]RQHV¶�RI�YHUE��FI��.DUL�������LV�QRW�JHQHUDOO\��DQG�WKXV�FRPSXWDWLRQDOO\��GLI¿FXOW�WR�PRGHO��:KDW�LV�VHHQ�
DV�PRVW�FKDOOHQJLQJ�SULPDULO\�FRQFHUQV�WKH�H[WHQVLYH�PRUSKRORJLFDO�IXVLRQ�LQ�VXEMHFW�DVSHFW�LQÀHFWLRQ�LPPH-
diately preceding the stem (cf. K. Rice 2005: 404–407), a span which “is at least historically a concatenation 

of morphemes before the verb stem” (K. Rice 2005: 404). As Keren Rice (2005: 405) delicately puts it, “[t]he 

morphophonemics of this span of the verb is complex.”

 In the following section 2, we will discuss in further detail the morphological structure of Tsuut’ina 

YHUEV��DQG�KRZ�WKHLU�OH[LFDO�DQG�LQÀHFWLRQDO�HOHPHQWV�FDQ�EH�JHQHUDOO\�DQDO\]HG�DQG�PRGHOOHG��,Q�WKLV��ZH�ZLOO�
contrast the templatic and paradigmatic approaches to representing the structure of Tsuut’ina verbs, in particular 

FRQFHUQLQJ�LQÀHFWLRQDO�HOHPHQWV�LQ�WKH�LQQHU�LQÀHFWLRQDO�UHJLRQ�LPPHGLDWHO\�SUHFHGLQJ�WKH�VWHP�LQ��WKH�FRQMXQFW�
zone), since this will form the basis of the computational modeling solution that we will present in Section 3.

2.1 Lexical elements 

7UDGLWLRQDO�PRUSKRORJLFDO� DFFRXQWV� RI�'HQH� YHUEV�PD\� SUHVHQW�ZHOO� RYHU� WHQ� SUH¿[DO� SRVLWLRQV� SUHFHGLQJ� D�
single-syllable stem, with complex morphophonological processes applying at each of the multiple morpheme 

MXQFWXUHV��VHH�7DEOH�����EHORZ���0RUHRYHU�� WKH�FRPELQDWLRQV�RI�VRPH�WKHVH�SUH¿[DO�HOHPHQWV�ZLWK�VWHPV�FDQ�
EH�VHHQ�WR�UHSUHVHQW�GLVWLQFW�OH[LFDO�PHDQLQJV��ZKLOH�RWKHU�SUH¿[HV�KDYH�DQ�LQÀHFWLRQDO�FKDUDFWHU��)RU�LQVWDQFH��
in Tsuut’ina the simple stem -tsiy� FRUUHVSRQGV� WR� µFU\¶� �LQ� WKH� LPSHUIHFWLYH� DVSHFW���ZKHUHDV� WKH�SUH¿[�VWHP�
sequence ts’á- + -zíd�PHDQV�µZDNH�XS¶��DQG�WKH�WULSOLFDWH�GLVFRQWLJXRXV�VHTXHQFH�RI�SUH¿[HV�DQG�D�VWHP�Qj����
JX����GL�����WáRG�LV�XQGHUVWRRG�WKH�GHQRWH�µMXPS�GRZQ¶��,W�LV�FUXFLDO�WR�QRWH�WKDW�WKHVH�SUH¿[�VWHP�FRPELQDWLRQV�
DUH�RIWHQ�TXLWH�DUELWUDU\��DQG�WRJHWKHU�PDNH�XS�WKH�EDVLF�PHDQLQJ�RI�WKH�YHUE��ZKHQ�SUH¿[HV�SOD\�VXFK�D�OH[LFDO�
meaning role, we will refer to them as OH[LFDO�SUH¿[HV�EHORZ��7KH�SUH¿[HV�WKDW�DSSHDU�LQ�WKHVH�FRQVWUXFWLRQV�PD\�
EHDU�VRPH�UHVHPEODQFH�WR�RWKHU�SUH¿[HV�WKDW�KDYH�DQ�LGHQWL¿DEOH�OH[LFDO�PHDQLQJ��RU�PD\�RQO\�HYHU�DSSHDU�LQ�
collocation with a certain stem. In addition, since morphemes from anywhere in the verb can be co-opted into 
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WKHVH�DUELWUDU\�OH[LFDO�FRPELQDWLRQV��LW�RIWHQ�KDSSHQV�WKDW�LQÀHFWLRQDO�PRUSKHPHV�DSSHDU�EHWZHHQ�OH[LFDO�SUH¿[-

HV�DW�GLIIHUHQW�SRLQWV�ZLWKLQ�WKH�YHUE�IRUP��DPRQJ�WKH�YDULRXV�OH[LFDO�SUH¿[HV��1HYHUWKHOHVV��WKH�ORFDWLRQV�RI�WKH�
OH[LFDO�SUH¿[HV�LQ�WKH�SUH�VWHP�WHPSODWH�DUH�PRVWO\�ZHOO�NQRZQ��LQ�SRVLWLRQV�ZH�ZLOO�GHQRWH�DV�WKH�inner, middle, 

and outer boundaries, as seen in Table 2.1. We use the term “middle”�OH[LFDO�ERXQGDU\�WR�LQGLFDWH�ZKHUH�LQÀHF-
tional morphemes indicating so-called ‘outer’ subjects (fourth person singular and third person plural) and direct 

objects appear (slots 6-7 in Table 2.2 below). With this one exception, the “outer” and “inner” lexical boundaries 

otherwise correspond with the traditional disjunct and conjunct zones, respectively (cf. Kari 1989).

7DEOH������3RVVLEOH�FRPELQDWLRQV�DQG�ORFDWLRQV�RI�OH[LFDO�SUH¿[HV�DQG�VWHPV�LQ�7VXXW¶LQD�
Type of combinatorics Outer 

SUH¿[HV
Middle 
SUH¿[HV

Inner pre-
¿[HV

Stem

1R�OH[LFDO�SUH¿[HV - - - -tsiy ‘cry’

,QQHU�OH[LFDO�SUH¿[���VWHP - - di- �Wá¶i ‘run’

0LGGOH�OH[LFDO�SUH¿[���VWHP - gu- - -náh ‘speak’

2XWHU�OH[LFDO�SUH¿[���VWHP ts’á- - - -zíd ‘wake up’

0LGGOH���LQQHU�OH[LFDO�SUH¿[HV���VWHP - gu- di- -tìs ‘walk with a 

cane’

2XWHU���LQQHU�OH[LFDO�SUH¿[HV���VWHP tsí- - di- �Wá¶i ‘run away’

2XWHU���PLGGOH�OH[LFDO�SUH¿[HV���VWHP N¶j� gu- - -nát�µ¿QLVK�WDONLQJ¶
2XWHU���PLGGOH���LQQHU�OH[LFDO�SUH¿[HV���
stem

Qj� gu- di- �WáRG ‘jump down’

)XUWKHUPRUH��LQ�PDQ\�FDVHV�WKH�LQGLYLGXDO�VWHPV��DQG�LQ�VRPH�FDVHV�DOVR�WKH�SUH¿[�VWHP�FRPELQDWLRQV��FDQ�KDYH�
PXOWLSOH�DOORPRUSKV�DVVRFLDWHG�ZLWK�WKH�����DVSHFWV�PRRGV��DV�LV�H[HPSOL¿HG�LQ�7DEOH������$V�FDQ�EH�VHHQ��IRU�WKH�
imperfective, perfective and progressive aspect forms of e.g. -tsiy ‘cry’, it only has a set of allomorphic stems but 

QR�OH[LFDO�SUH¿[HV��ZKHUHDV�IRU�WKH�UHSHWLWLYH�DVSHFW��QRW�RQO\�LV�WKHUH�D�IRXUWK�DOORPRUSKLF�VWHP�EXW�DOVR�OH[LFDO�
SUH¿[�DW�WKH�RXWHU�LQÀHFWLRQDO�ERXQGDU\��1HYHUWKHOHVV��VXFK�VWHP�DOORPRUSKV�DV�ZHOO�DV�WKH�SRVVLEO\�DOORPRUSKLF�
OH[LFDO�SUH¿[HV�DQG�WKHLU�SRVLWLRQV�DW�WKH�RXWHU��PLGGOH��DQG�LQQHU�LQÀHFWLRQDO�ERXQGDULHV�DUH�ZHOO�NQRZQ��ZKLFK�
is demonstrated in Table 2.2. below for a number of lexical meanings besides -tsiy, with a variety of combinations 

RI�OH[LFDO�SUH¿[HV�DQG�VWHPV�
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7DEOH������([DPSOHV�RI�WKH�DOORPRUSK\�RI�VWHPV�DQG�OH[LFDO�SUH¿[HV��FRUUHVSRQGLQJ�WR�WKH�����DVSHFWV�PRRGV�
for a selection of lexical meanings, -tsiy ‘cry’, GL�����Wá¶i ‘run’, gu- + -náh ‘speak’, ts’á- + -zíd ‘wake up’, 

WVt����GL�����Wá¶i ‘run away’, Qj����JX����GL����WáRG ‘jump down’ (here referred to by their imperfective aspect 

forms). The numbers 0-12 refer to the templatic slots illustrated in Table 2.3 below in Section 2.2.

DISJUNCT: 12-9 CONJUNCT: 8-1 STEM: 0

Outer Lexi-

FDO�3UH¿[
11–9*
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,QÀHFWLRQDO�
Chunk

8
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7

Middle 
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STEM/ (AS-

PECT)

0

-

-

-

Qi

 

-

-

-

-

 

-

-

-

-

 

tsiy (Ďĕċě)

tsày (ĕċě)

WVtá��ĕėĔČ)

chish (ėĊĕ)

-

-

-

-

 

-

-

-

-

 

di

di

di

di

 

Wá¶i��Ďĕċě)

Wá¶z��ĕċě)

Wá¶iá��ĕėĔČ)

Wá¶iVK��ėĊĕ)

-

-

-

Qi

 

gu

gu

gu

gu

 

-

di

-

di

 

QiK��Ďĕċě)

QiW��ĕċě)

Qiá��ĕėĔČ)

QiVK��ėĊĕ )

WV¶i
WV¶i
WV¶i
WV¶iQi

 

-

-

-

-

 

-

-

-

-

 

zíd (Ďĕċě)

zid (ĕċě)

]Lá��ĕėĔČ)

zhiizh (ėĊĕ)

tsí

tsí

tsí

QiWVt

 

-

-

-

-

 

di

di

di

di

 

Wá¶i��Ďĕċě)

Wá¶z��ĕċě)

Wá¶iá��ĕėĔČ)

Wá¶iVK��ėĊĕ)

nà

nà

nà

QjQi
QuQi

 

gu

gu

gu

gu

gu

 

di

di

di

di

di

 

WáRG��Ďĕċě)

WáRW��ĕċě)

Wátá��ĕėĔČ)

WáLL]K��ėĊĕ)
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While the lexical components of a Tsuut’ina verb can be described in a relatively straight-forward fash-

LRQ�DV�GHVFULEHG�DERYH��ZH�\HW�QHHG�WR�GHDO�ZLWK�WKH�LQÀHFWLRQDO�PRUSKRORJ\�WKDW�FDQ�EH�VHHQ�WR�LQWHUYHQH�ZLWK�
the lexical components at three boundaries. Two alternative approaches for dealing with this are discussed below 

in Section 2.2.

 

����,QÀHFWLRQDO�HOHPHQWV
2.2.1 Templatic morphology

Traditionally, Dene linguistics has relied on a morphological template and extensive morphophonemic rules to 

handle the complexities of this part of the verb. In most such traditional approaches to Dene morphology, a verb 

OLNH�WKLV�ZRXOG�EH�PRGHOOHG�ZLWK�D�PRUSKRORJLFDO�WHPSODWH���D�VORW�DQG�¿OOHU�V\VWHP�IRU�DEVWUDFW�PRUSKRORJLFDO�
parts, illustrated for the basic Tsuut’ina verb JiPtá ‘they are swimming along’ in (Table 2.3). In particular, the 

syllable immediately preceding the stem would be analyzed as constituting a morphological complex, typically 

* 7KLV�WDEOH�GRHV�QRW�UHSUHVHQW�LQÀHFWLRQ�RQ�LQFRUSRUDWHG�SRVWSRVLWLRQV��VORW����LQ�WKH�PRUSKRORJLFDO�WHPSODWH�JLYHQ�EHORZ���EXW�
can trivially be extended to incorporate these patterns using the same computational methods discussed in the following sections.



54   Working Papers in Dene Languages 2016 — Arppe, Cox, Hulden, et al.

representing a combination of 4-6 distinct morphemes, including (non-third) subject person and number, aspect, 

mode, conjugation class (i.e. si-, ni-, yi-, ì-, or none, representing one of the historical Dene aspect/conjugation 

FODVV�PDUNHUV��� DQG� YRLFH�YDOHQFH� �L�H�� WKH� KLVWRULFDO� YRLFH�YDOHQFH�PDUNHUV� RU� ³FODVVL¿HUV´� WKDW� IXVH� SKRQR-

ORJLFDOO\�ZLWK�WKH�SUHFHGLQJ�SUH¿[HV���ZLWK�VXEVWDQWLDO�PRUSKRSKRQRORJLFDO�LQWHUDFWLRQV�\LHOGLQJ�XV�WKH�DFWXDO�
forms.1

Table 2.3: Tsuut’ina templatic analysis of JiPtá�‘they are swimming (progressive)’ (after Cook 1984: 126, 

���±������7KH�LQQHU�SUH¿[HV�HQFRPSDVV�SRVLWLRQV��±���WKH�PLGGOH�SUH¿[HV��±���DQG�WKH�RXWHU�SUH¿[HV��±���
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Feature(s) - - - - - - 3PL 

SBJ

- - yi-

PROG
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$SSO\LQJ�D�WHPSODWH�OLNH�WKLV�WR�DQDO\]H�RU�JHQHUDWH�LQÀHFWHG�YHUE�IRUPV�LV�QRQ�WULYLDO��LW�RIWHQ�UHTXLUHV�H[WHQVLYH�
knowledge not only of the relevant morphemes and their co-occurrence restrictions, but also of their relative 

ordering and possible morphophonemic adaptations that could affect their form (see Rice 2000, McDonough 

2003, for recent critiques of the traditional templatic approach to analysis). In this case, as illustrated in (1a-c) 

IURP�&RRN�����������±������HLWKHU�EUHDNLQJ�GRZQ�RU�EXLOGLQJ�XS�DQ�DFWXDO�LQÀHFWHG�YHUE�IRUP�OLNH���F��JiPtá 
requires being able to get at (1a) its abstract parts, and (1b) the abstract rules needed to fuse these parts together, 

DQG�QHLWKHU�RI�WKHVH�DUH�QHFHVVDULO\�DOO�WKDW�HDV\�WR�SURGXFH�RQ�WKH�À\�

(1a)  JL�� \L�� Ptá� Abstract parts
  they he,she,it:prog swim:prog

      Abstract rules:
(1b) 1. gi- \L��ĺ�i�� Ptá� �ћL�Augmentation)

� ��� JL��ĺ�J�� i�� Ptá� i-Deletion)

��F�� � JiPLá� � � Actual word
  ‘they are swimming’

� 1RW�RQO\�LV�WKLV�NLQG�RI�VWUXFWXUH�PRUH�GLI¿FXOW�WR�PRGHO�FRPSXWDWLRQDOO\��UHTXLULQJ�PDQ\�PRUH�PRUSKR-

phonemic adaptations, and hence much more testing to make sure these kinds of rules work as expected in all but 

only those cases where they should apply), but it is not clear that general-purpose morphophonemic rewrite rules 

will necessarily do the trick in a reasonably manageable fashion. The analytical and practical challenges posed by 

the relative opacity of Dene verbal morphophonology have often been noted in the wider literature. Kari (1975: 

331), commenting on the “notorious” nature of morphophonological alternations in Dene verbs, recalls that “[i]n 

concluding his review of Hoijer’s Navaho Phonology, Harris remarked, ‘In addition to all the regular or partially 

1  The status of ì- as an aspect/conjugation marker in Tsuut’ina remains unclear. Unlike the rest of the markers in this set, 

ì- co-occurs with other aspect/conjugation markers (e.g., ìsissìl ‘I got hot’, containing both ì- and si-), which makes its distri-

EXWLRQ�VLPLODU�WR�VRPH�TXDOL¿HU�SUH¿[HV���8QOLNH�RWKHU�TXDOL¿HU�SUH¿[HV��KRZHYHU��u��IXVHV�LQ�SKRQRORJLFDOO\�XQSUHGLFWDEOH�
ways with certain aspect/conjugation markers (e.g., ìzìl ‘he/she/it got hot’, where, unlike all other 3s si- forms in Tsuut’ina, 

FRQWDLQV�QR�RYHUW�UHÀH[�RI�si- itself).



Working Papers in Dene Languages 2016 — Arppe, Cox, Hulden, et al. 55

regular alternations (in Navajo), there are so many individual replacements that a set of general rules for deriving 

SKRQHPLF�IRUPV��OLNH�WKRVH�GHYLVHG�IRU�7XEDWXODEDO�E\�6ZDGHVK�DQG�9RHJHOLQ�DQG�IRU�0HQRPLQL�E\�%ORRP¿HOG�
VHHPV�LPSRVVLEOH�KHUH�¶´�'LI¿FXOWLHV�OLNH�WKLV�DUH�WKXV�QRW�H[FHSWLRQDO��DQG�SURYLGH�DGGLWLRQDO�PRWLYDWLRQ�IRU�
exploring other means of modelling this central aspect of Dene verbal structure.

2.2.2 Paradigmatic approaches

$Q�DOWHUQDWLYH�DSSURDFK� WR�PD[LPDO�GHFRPSRVLWLRQ�VSOLWWLQJ� LQ� WKH�DQDO\VLV�RI� LQQHU� LQÀHFWLRQ� LV� WR� WUHDW� WKDW�
combination of theoretically posited complex sequences of abstract morphemes and associated features rather 

as pre-composed chunks or portmanteaux (sometimes referred to as the T-A-M-A, or tense-aspect-mode-agent, 

chunk). This is also supported by psycholinguistic evidence suggesting that word complex structure is mentally 

represented and processed as larger chunks (see e.g. S. Rice, Libben & Derwing, 2002, for related results involv-

LQJ�'HQH�6ǐܾLQp���7KH�SUDFWLFDO�DGYDQWDJH�IURP�ERWK�D�JHQHUDO�DQG�FRPSXWDWLRQDO�OLQJXLVWLF�PRGHOLQJ�SHUVSHFWLYH�
LV�WKDW�FKXQNLQJ�VLJQL¿FDQWO\�UHGXFHV�WKH�DPRXQW�RI�PRUSKRSKRQHPLF�SURFHVVHV�RQH�KDV�WR�PRGHO��DV�RQO\�MXQF-
tures between the chunked zones need to be treated. This reduction in complexity is particularly valuable in treat-

LQJ�WKH�LQÀHFWLRQDO�SUH¿[HV�WKDW�LPPHGLDWHO\�SUHFHGH�WKH�YHUE�VWHP��ZKRVH�PRUSKRSKRQRORJLFDO�FRPSRVLWLRQ�LV�
not always predictable (K. Rice 2001). Indeed, there are precedents for such as a chunking approach within the 

Dene linguistic tradition, e.g. Young & Morgan (1987), Faltz (1998), McDonough (2000) for Navajo, and Leer 

(1999, inter alia) for comparative Na-Dene.

Therefore, in the case of the same example as above (1c), rather than try to derive a form like JiPtá�by parts and 

UXOHV��ZH�HVVHQWLDOO\�MXVW�FODVVLI\�WKLV�YHUE�LQ�RXU�OH[LFRQ�DV�LQÀHFWLQJ�OLNH�DQ\�RWKHU�YHUE�RI�WKH�yi-Progressive 

W\SH��DQG�WKHQ�ORRN�XS�WKH�SURSHU�WKLUG�SHUVRQ�SOXUDO�SUH¿[�IURP�D�WDEOH�WKDW�JLYHV�XV�WKH�DSSURSULDWH�DOORPRUSK��
,Q�RWKHU�ZRUGV��ZH�GR�QRW�WU\�WR�GHULYH�WKHVH�SDUWV�RQ�WKH�À\��ZH�ORRN�XS�WKH�FKXQNV��ZKLFK�DOORZV�XV�WR�VLGHVWHS�
all of the complicated morphophonemics that we would otherwise have to painstakingly model.

 In support of taking this approach, it is crucial to note that in fact there are not a prohibitively large 

QXPEHU�RI�LQÀHFWLRQDO�SDWWHUQV�WR�FKRRVH�IURP�IRU�WKLV�³LQQHU´�LQÀHFWLRQ��,Q�WKH�FDVH�RI�7VXXW¶LQD��YHUEV�JHQ-

erally fall into one of only ten classes, with different allomorphs within each pattern depending on what kind 

RI�SUH¿[HV�DSSHDU�EHIRUH�WKHP��WKH�FROXPQV�KHUH��DQG�ZKDW�YRLFH�YDOHQFH�PDUNHUV�WKH\�FRPH�ZLWK��WKH�URZV�
here): Ø, s-, i-. Table 2.3 presents an example of one of these classes, summarizing the patterns of allomorphy 

that appear with yi-SURJUHVVLYH�YHUEV�XQGHU�GLIIHUHQW�SUH¿[DWLRQ�FRQGLWLRQV�

7DEOH������,QQHU�LQÀHFWLRQ�SDWWHUQV�IRU�yi-progressive verbs.

 Type 1R�SUH¿[ ,QQHU�RU�PLGGOH�SUH¿[ 2XWHU�SUH¿[
Basic “Be crying”:

��WViá�
“Be laughing”:

 (di-dlùw)

“Be becoming like that”:

���[D Qiá�
1s  yisWViá 1s  diyisdlùw 1s  xayisQiá
2s  yíWViá 2s  diyídlùw 2s  xayíQiá
3s  yiWViá 3s  didlùw 3s  xayiQiá
1p  yaàWViá 1p  diyaàdlùw 1p  xayaàQiá
2p  yasWViá 2p  diyasdlùw 2p  xayasQiá
3p  giWViá 3p  gididlùw 3p  xagiQiá
4  ts’iWViá 4  ts’ididlùw 4  xats’iQiá

(Table 2.3 continued on following page.)



56   Working Papers in Dene Languages 2016 — Arppe, Cox, Hulden, et al.

With s- “Be tickling O”:

  (wùsh)

“Be almost swallowing O”:

���GL�Quá�
“Be taming, training O”:

���i Gtá�
1s  yiswùsh 1s  diyisQuá 1s  iyisGtá
2s  yíswùsh 2s  diyísQuá 2s  iyísGtá
3s O \iVwùsh 3s O diVQuá 3s O iyisGtá
1p  yaàwùsh 1p  diyaàQuá 1p  iyaàGtá
2p  yaswùsh 2p  diyasQuá 2p  iyasGtá
3p O giVwùsh 3p O gidiVQuá 3p O agiVGtá
4  ts’iVwùsh 4  ts’idiVQuá 4  iWV¾iVGtá

With i- “Be running along”:

���Wá¶iá�
“Be starting to run along”:

���GLGL�Wá¶iá�
“Be running along home”:

���Qi Wá¶iá�
1s  yisWá¶iá 1s  didiyisWá¶iá 1s  QiyisWá¶iá
2s  yííWá¶iá 2s  didiyííWá¶iá 2s  QiyííWá¶iá
3s  yiiWá¶iá 3s  didiiWá¶iá 3s  QiyiiWá¶iá
1p  yaàWá¶iá 1p  didiyaàWá¶iá 1p  QiyaàWá¶iá
2p  yasWá¶iá 2p  didiyasWá¶iá 2p  QiyasWá¶iá
3p  giiWá¶iá 3p  gididiiWá¶iá 3p  QiJiiWá¶iá
4  ts’iiWá¶iá 4  ts’ididiiWá¶iá 4  QiWV¶iiWá¶iá

Importantly, it should be noted that this approach does not preclude other active phonological or morphophono-

logical processes affecting these verbs from being modelled separately, without requiring this paradigm-based 

approach to be set aside altogether. In some Dene languages (e.g., Navajo and Tahltan, among others; cf. Shaw 

1991, McDonough 2003), for instance, additional phonological changes would be needed to represent well-known 

FDVHV�RI�FRURQDO�KDUPRQ\�WKDW�PD\�DIIHFW�WKH�IRUPV�WDNHQ�E\�WKH�SUH¿[�FRPELQDWLRQ�DOORPRUSKV�JLYHQ�LQ�WDEOHV�
like the one above (e.g., ]jjV�\LVZ�VK�‘I am tickling the baby’ being realized as ]jjV�\LshZ�VK�in Tsuut’ina).2 Not 

RQO\�LV�PDNLQJ�D�VHSDUDWLRQ�EHWZHHQ�WKH�VHPL�SUHGLFWDEOH�LQÀHFWLRQDO�SDWWHUQV�VXPPDUL]HG�LQ�WKHVH�WDEOHV�DQG�
the more regular processes of phonological adaptation attested elsewhere in the language potentially worthwhile 

for overall analytical clarity, but the latter changes can also be treated straightforwardly with the computational 

tools discussed below. In conclusion, it is the paradigmatic, chunking approach described immediately above that 

we adopt in our computational model of Tsuut’ina, the implementation of which we discuss below in Section 3.

3  Computationally modeling the Dene Verb
Finite-state machines (FSMs) (see e.g. Beesley & Karttunen 2003) have become one standard way for compu-

tationally modeling the morphological structure of words in natural languages. There are currently several open 

source implementations of FSM compilers, e.g. xfst (Beesley & Karttunen 2003), foma (Hulden 2009) and hfst 

�/LQGpQ�HW�DO���������7KH�NH\�DGYDQWDJHV�RI�)60V�DUH�PDQ\��WKH\�KDYH�ZHOO�NQRZQ�FRPSXWDWLRQDO�SURSHUWLHV��
having been tested and honed over several decades of theoretical and practical development, they are extremely 

IDVW�DQG�XVH�HI¿FLHQW�FRPSXWDWLRQDO�GDWD�VWUXFWXUHV��WKH\�KDYH�D�FDOFXOXV�IRU�SRZHUIXO�PDQLSXODWLRQV�ZKLFK�LV�
LQ�SDUWLFXODU�XVHIXO�IRU�RXU�7VXXW¶LQD�VROXWLRQ��WKH\�DOORZ�IRU�D�UXOH�EDVHG�GH¿QLWLRQ�RI�SDUDGLJPV�IRU�YDULRXV�
YHUE�VXEW\SHV��KRZHYHU�RQH�ZDQWV�WR�GH¿QH�WKHVH���WKXV�QRW�UHTXLULQJ�ODUJH�FRUSRUD�IURP�ZKLFK�WR�OHDUQ�VXFK�
rules — that is impossible in the case of most endangered languages such as the Dene ones, with scant resourc-

es — they are portable to the main operating systems currently in use, and on the basis of the factors mentioned 

before they allow for easy integration with other software applications, for instance as spell-checking modules 

within word-processors, morphologically “intelligent” electronic dictionaries, and “intelligent” computer-aided 

2  Although coronal harmony is active in Tsuut’ina, the Tsuut’ina orthography does not conventionally show harmonized 

>�DQWHULRU@�IRUPV�H[FHSW�ZKHQ�WKH\�DSSHDU�LQ�VWHPV��H�J����WVހ��ĺ��Wހݕ��LQ�tsiy ‘cry.ipfv’ vs. chish ‘cry.rep’), which makes this 

less of an issue for computational modelling than with some other Dene languages.

(Table 2.3 continued from previous page.)
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language-learning applications (Trosterud 2004, 2006; Arppe et al. 2015; Antonsen et al. 2013; Johnson et al. 

2013). As their disadvantages one might note that FSMs are only as good as the available linguistic descriptions, 

and some may consider them too powerful in that the rules allow for the recognition and generation of complete 

SDUDGLJPV��ZKHUH�DOO�LQGLYLGXDO�FHOOV�KDYH�QRW�EHHQ�YHUL¿HG�E\�VSHDNHUV��DQG�LW�LV�QRW�D�JLYHQ�WKDW�DOO�WKH�IRUPV�RI�
the paradigm make sense for all verbs belonging to some paradigm type - nevertheless, this is a general problem 

with any rule-based system, and in practice impossible to resolve when the number of paradigms cells number 

in the hundreds if not thousands.

 For many languages with a rich morphology, a FSM is based on one layer declaring allowable morpheme/

feature sequences (i.e. morphotactics), coupled with a set of morphophonological rules applied at the morpheme 

junctures. In the case of Dene verbs, extending on work by Hulden and Bischoff (2008) for Navajo, we present 

a somewhat variant approach, where the morphological/morphotactic structure of Dene words is understood to 

consist of not a single but two interleaving layers, (1) one representing the lexical elements, including the stem 

FRPELQHG�WRJHWKHU�ZLWK�SRWHQWLDOO\�GLVFRQWLJXRXV�OH[LFDO�SUH¿[HV��DQG�����WKH�RWKHU�WKH�LQWHUYHQLQJ�LQÀHFWLRQDO�
elements.

&UXFLDOO\��WKLV�EXLOGV�XSRQ�����NQRZLQJ�WKH�H[DFW�ORFDWLRQ�RI�WKH�YDULRXV�OH[LFDO�SUH¿[HV��VR�WKDW�WKH�
LQWHUYHQLQJ�LQÀHFWLRQDO�FKXQNV�FDQ�EH�DSSURSULDWHO\�LQFRUSRUDWHG��DV�ZHOO�DV�����VSHFLI\LQJ�WKH�DOORZDEOH�LQÀHF-
WLRQDO�SDWWHUQV��FKXQNV��DVVRFLDWHG�ZLWK�HDFK�OH[LFDO�FRQVWUXFW��7KLV�LV�LPSOHPHQWHG�E\�GH¿QLQJ��ZLWK�WKH�lexc 

component of the FST formalism, four FSMs, (1) one for the lexical level3 and (2) one for each intervening 

LQÀHFWLRQDO�FKXQNV��DW�WKH�LQQHU��PLGGOH��DQG�RXWHU�ERXQGDULHV�4, with (3) co-occurrence constraints among the 

WZR�OHYHOV�����DQG������GHWHUPLQLQJ�ZKLFK�VXEVHW�RI�PRUSKHPH�FKXQNV�DUH�DOORZDEOH�LQ�WKH�WKUHH�LQÀHFWLRQDO�
VORWV���LPSOHPHQWHG�XVLQJ�ÀDJ�GLDFULWLFV�LQ�WKH�lexc component of the FST formalism.5�7KH�VORWV�IRU�LQÀHFWLRQDO�
morpheme chunks at the inner, middle, and outer boundaries are indicated in the lexical tier FSM by special 

characters which cannot occur in the morphemes, being ‘.’ (period) for the inner boundary, ‘_’ (underscore) for 

the middle boundary, and ‘=’ for the outer boundary. These four component FSMs are then composed togeth-

HU�ZLWK�WKH�KHOS�RI�¿QLWH�VWDWH�FDOFXOXV�LQWR�RQH�)60�UHSUHVHQWLQJ�WKH�HQWLUH�PRUSKRWDFWLFV�E\�UHSODFLQJ�WKH�
special characters indicating the inner, outer and middle boundaries in the lexical FSM with the entire corre-

3  https://victorio.uit.no/langtech/trunk/startup-langs/srs/src/morphology/stems/verbstems.lexc

4  KWWSV���YLFWRULR�XLW�QR�ODQJWHFK�WUXQN�VWDUWXS�ODQJV�VUV�VUF�PRUSKRORJ\�DI¿[HV�YHUEBLQQHUBDI¿[HV�OH[F
KWWSV���YLFWRULR�XLW�QR�ODQJWHFK�WUXQN�VWDUWXS�ODQJV�VUV�VUF�PRUSKRORJ\�DI¿[HV�YHUEBPLGGOHBDI¿[HV�OH[F
KWWSV���YLFWRULR�XLW�QR�ODQJWHFK�WUXQN�VWDUWXS�ODQJV�VUV�VUF�PRUSKRORJ\�DI¿[HV�YHUEBRXWHUBDI¿[HV�OH[F
5  $�UHYLHZHU�QRWHV�WKDW�WKH�XVH�RI�ÀDJ�GLDFULWLFV�PLJKW�DOVR�DOORZ�PRGHOV�VXFK�DV�WKLV�WR�FDSWXUH�FHUWDLQ�¿QHU�JUDLQHG�OLQ-

guistic generalizations about morphemic co-occurrence that are common to many Dene languages, such as the observation 

that si-SDUDGLJP�YHUEV�GR�QRW�RFFXU�ZLWK�UHÀH[HV�RI�WKH�KLVWRULFDO�
QΩ� perfective marker that appears in other (ni- and yi-) 

SHUIHFWLYH�SDUDGLJPV��:H�FRQFHGH� WKDW�JHQHUDOL]DWLRQV�VXFK�DV� WKLV�FRQFHUQLQJ� WKH�GLVWULEXWLRQ�RI� LQGLYLGXDO� LQÀHFWLRQDO�
PRUSKHPHV�DUH�QRW�UHDGLO\�UHSUHVHQWHG�LQ�WKH�FXUUHQW�PRGHO��ZKLFK�JURXSV�VHYHUDO�FRQMXQFW�]RQH�LQÀHFWLRQDO�PDUNHUV�WR-

gether into sets of distinctive surface-form ‘chunks’ that are essentially agnostic as to their possible morphemic constituents, 

DQG�DFNQRZOHGJH�WKDW�ÀDJ�GLDFULWLFV�ZRXOG�SURYLGH�RQH�PHDQV�RI�UHSUHVHQWLQJ�WKHVH�GLVWULEXWLRQDO�REVHUYDWLRQV�LQ�D�PRUH�
intricate morphological model. We would only note that these generalizations are not required to produce a fully function-

DO�PRGHO�RI�7VXXW¶LQD�YHUEDO�LQÀHFWLRQ�±�DQ\�VXUIDFH�SKRQRORJLFDO�µLUUHJXODULWLHV¶�FDXVHG�E\�WKH�SUHVHQFH�RU�DEVHQFH�RI�D�
marker like *QΩ��DUH�LPSOLFLWO\�FDSWXUHG�LQ�WKH�IRUPV�RI�WKH�LQÀHFWLRQDO�FKXQNV�WKHPVHOYHV��0RUHRYHU��WKHVH�JHQHUDOL]DWLRQV�
would not necessarily offer any net reduction in complexity if introduced into the model, given the intricacy of the attendant 

morphophonological adaptation rules required to produce observed surface forms. For the purposes of computational mod-

HOOLQJ��LW�LV�HQRXJK�IRU�PRGHOV�VXFK�DV�WKLV�WR�XVH�ÀDJ�GLDFULWLFV�WR�VHOHFW�WKH�DSSURSULDWH�LQÀHFWLRQDO�FKXQN�DOORPRUSKV�WR�
LQVHUW�LQWR�D�JLYHQ�OH[LFDO�LWHP��GHSHQGLQJ�RQ�WKH�SUH¿[DWLRQ�FRQGLWLRQV�XQGHU�ZKLFK�WKDW�LQÀHFWLRQDO�FKXQN�ZLOO�WKHQ�DSSHDU�
�L�H���ZKHWKHU�SUHFHGHG�E\�DQ�LQQHU��PLGGOH��DQG�RU�RXWHU�SUH¿[���7KLV�LV�QRW�WR�VD\�WKDW�IXUWKHU�DQDO\VLV�RI�WKH�PRUSKHPH�
VWUXFWXUH�RI�LQGLYLGXDO�LQÀHFWLRQDO�FKXQNV�ZHUH�QRW�SRVVLEOH��VHH�<RXQJ�	�0RUJDQ��������IRU�RQH�H[DPSOH�RI�WHPSODWLF�
DQDO\VHV�EHLQJ�SURYLGHG�IRU�LQÀHFWLRQDO�IRUPV�LQ�DQ�RWKHUZLVH�SDUDGLJP�EDVHG�PRGHO��2WKHU�JHQHUDOL]DWLRQV��H�J���FRQFHUQ-

LQJ�FR�RFFXUUHQFH�SDWWHUQV�LQYROYLQJ�RXWHU�SUH¿[HV�DQG�SDUWLFXODU�LQÀHFWLRQDO�SDUDGLJPV��FDQ�W\SLFDOO\�EH�FDSWXUHG�LQ�WKHVH�
PRGHOV�WKURXJK�VHSDUDWH�OH[LFDO�HQWULHV��RU� WKURXJK�KLJKHU�OHYHOV�RI�DEVWUDFWLRQ�LQ�OH[LFDO�GH¿QLWLRQV�LPSOHPHQWHG�LQ�WKH�
formalisms discussed below.
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VSRQGLQJ�LQÀ�HFWLRQDO�)60V�6�7KH�UHVXOWLQJ�PRUSKRORJLFDO�)60�LV�QH[W�FRPSRVHG�WRJHWKHU�ZLWK�D�¿�IWK�)60�
representing morphophonological processes applying at the morpheme chunk boundaries, expressed by a set/

series of rewrite rules using twolc component (or the rewrite rule component) of the FST formalism,7 which is 

IXUWKHU�FRQFDWHQDWHG�ZLWK�D�VL[WK�)60�GH¿�QHG�ZLWK�WKH�lexc component for linking the morphological features, 

LQFRUSRUDWHG�LQ�WKH�À�DJ�GLDFULWLFV�ZLWKLQ�WKH�PRUSKRORJLFDO�)60��ZLWK�PRUSKRORJLFDO�IHDWXUH�WDJV��ZKLFK�ZLOO�
be outputted in word form analysis and inputted for word form generation.8 The overall structure of the six 

FRQVWLWXHQW�)60V�UHSUHVHQWLQJ�WKH�OH[LFDO��LQÀ�HFWLRQDO�DQG�PRUSKRSKRQRORJLFDO�WLHUV�DV�ZHOO�DV�WKH�PRUSKRORJ�
LFDO�IHDWXUHV�LV�SUHVHQWHG�LQ�)LJXUH������DQG�WKH�PDVWHU�VSHFL¿�FDWLRQ�RI�WKH�FRPSRVLWLRQ�RU�FRQFDWHQDWLRQ�RI�WKH�
six constituent FSMs in (2). The full source code for our Tsuut’ina FSM can be found on-line within the Giella 

infrastructure (Moshagen et al. 2013): https://victorio.uit.no/langtech/trunk/start-
up-langs/srs/src/morphology/

����7KH�PDVWHU�VSHFL¿�FDWLRQ�RI�WKH�FRPSRVLWLRQ�DQG�FRQFDWHQDWLRQ�RI�WKH�VL[�FRQVWLWXHQW�)60V�WR�FUHDWH�RXU�
computational model of Tsuut’ina verbs.9

UHDG�UHJH[�6WHPV��R��0DUN3UH¿�[HV��R��,QV,QQHU��R��,QV0LGGOH��R��,QV2XWHU�
�R��³�´��!�,QQHU$I¿�[HV���³B´��!�0LGGOH$I¿�[HV���³ ´��!�2XWHU$I¿�[HV��
WZRVLGHG�À�DJ�GLDFULWLFV
GH¿�QH�*UDPPDU��
UHDG�UHJH[�*UDPPDU�7DJV��

6  https://victorio.uit.no/langtech/trunk/startup-langs/srs/src/morphology/verb_lexicon.xfscript.in

7  https://victorio.uit.no/langtech/trunk/startup-langs/srs/src/phonology/srs-phon.twolc

8  KWWSV���YLFWRULR�XLW�QR�ODQJWHFK�WUXQN�VWDUWXS�ODQJV�VUV�VUF�PRUSKRORJ\�DI¿�[HV�YHUEWDJV�OH[F
9  Stems, ,QQHU$I¿�[HV, 0LGGOH$I¿�[HV, 2XWHU$I¿�[HV, and 7DJV refer to FSMs that have been compiled from the 

corresponding lexc�¿�OHV��ZKHUHDV�0DUN3UH¿�[HV, ,QV,QQHU, ,QV0LGGOH, and ,QV2XWHU refer to rewrite rules that 

KDYH�EHHQ�GH¿�QHG�HDUOLHU�LQ�WKH�PDVWHU�FRPSLODWLRQ�VSHFL¿�FDWLRQ�FRGH�����

Figure 3.1. The overall structure of six components of the Tsuut’ina Finite-State Machine.
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)LJXUH������$Q�LOOXVWUDWLRQ�RI�KRZ�WKH�GLVMRLQW�OH[LFDO�WLHU��VWHP���OH[LFDO�SUH¿[HV��DUH�LQWHUOHDYHG�
ZLWK�WKH�RXWHU��PLGGOH��DQG�LQQHU�PRUSKRORJLFDO�VORWV�RI�WKH�LQÀHFWLRQDO�WLHU��DV�ZHOO�DV�D�VDPSOH�
RI�WKH�ODEHOV�RI�7$0$�PRUSKHPH�FKXQN�SDUDGLJP�VXEVHWV�IRU�WKH�LQQHU�LQÀHFWLRQDO�VORWV��XVLQJ�DV�
H[DPSOHV�WKH�YDULRXV�OH[LFDO�SUH¿[HV�DQG�VWHPV�IRU�WKUHH�OH[LFDO�PHDQLQJV�-tsiy ‘cry’, ts’á- + -zíd 

‘wake up’ and Qj����JX����GL�����WáRG�‘jump down’, and their allomorphy and associated TAMA 

morpheme chunk paradigm subsets for the different aspects/moods, and the shared morphemes 

WKH�PLGGOH�DQG�RXWHU�LQÀHFWLRQDO�VORWV��WKH�DUURZV�LQGLFDWH�WKH�DSSOLFDEOH�7$0$�PRUSKHPH�FKXQN�
paradigm subsets of -tsiy.

Figure 3.3. An illustration indicating the TAMA morpheme chunk paradigm subset covering 

inner subject forms (0-Imperfective ~ 0-Ipfv), applicable for the imperfective aspect of the 

stem -tsiy�µFU\¶��ZKLFK�KDV�QR�OH[LFDO�SUH¿[HV��DQG�WKXV�XVHV�WKH�QR�SUH¿[�YDULDQW��Ipfv-0-no-

pref).
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Figure 3.2 illustrates how the lexical tier is populated with descriptions of possible combinations of 

VWHPV�DQG�LQQHU��PLGGOH��DQG�RXWHU�OH[LFDO�SUH¿[HV��LQFOXGLQJ�DQ\�DOORPRUSK\�FRQFHUQLQJ�WKH�VWHPV�DQG�WKH�OH[L-
FDO�SUH¿[HV�IRU�WKH�GLIIHUHQW�W\SHV�RI�DVSHFW��ZKLOH�WKH�LQÀHFWLRQDO�WLHU�HQXPHUDWHV�DOO�WKH�VXEFODVVHV�RI�PRUSKHPH�
chunks in the inner (representing morphological features for the inner subject and aspect as well as incorporating 

FRQMXJDWLRQ�FODVV�PDUNHUV�DQG�FODVVL¿HUV��FXUUHQWO\����VXEFODVVHV��ZLWK�DQRWKHU�QLQH�DWWHVWHG�LQ�GRFXPHQWDWLRQ�
DQG�DZDLWLQJ�LPSOHPHQWDWLRQ�LQ�WKLV�PRGHO���PLGGOH��RXWHU�VXEMHFW�DQG�GLUHFW�REMHFW���DQG�RXWHU�LQÀHFWLRQDO�VORWV�
(distributive). For instance, for the intransitive verb itsiy�µFU\¶�ZLWKLQ�WKH�OH[LFDO�WLHU��ZH�¿QG�IRU�WKH�LPSHUIHFWLYH�
aspect the stem -tsiy�ZLWKRXW�DQ\�OH[LFDO�SUH¿[HV��WKH�VWHP��WVj\�ZLWKRXW�DQ\�OH[LFDO�SUH¿[HV�IRU�WKH�SHUIHFWLYH�
aspect, the stem �WVLá�ZLWKRXW�DQ\�OH[LFDO�SUH¿[HV�IRU�WKH�SURJUHVVLYH�DVSHFW��DQG�WKH�FRPELQDWLRQ�RI�DQ�RXWHU�OH[-

LFDO�SUH¿[�DQG�VWHP�ná-
outer

 + -chish�IRU�WKH�UHSHWLWLYH�DVSHFW��(DFK�GH¿QLWLRQ�RI�D�OH[LFDO�DOORPRUSK��FRPELQDWLRQ�
RI�VWHPV�DQG�OH[LFDO�SUH¿[HV��RQ�WKH�OH[LFDO�WLHU�LV�WKH�OLQNHG�ZLWK�D�SDUWLFXODU�VXEFODVV�RI�WKH�SDUDGLJP�LQ�WKH�
LQQHU��PLGGOH�DQG�RXWHU�VORWV�LQ�RQ�WKH�LQÀHFWLRQDO�WLHU��)RU�LQVWDQFH��WKH�LPSHUIHFWLYH�DVSHFW�IRUPV�RI�itsiy ‘cry’ 

combine the stem -tsiy��ZKLFK�KDV�QR�OH[LFDO�SUH¿[��ZLWK�WKH���,PSHUIHFWLYH�QR�SUH¿[ set (0-Ipfv-no 

in Figure 3.2), the perfective aspect forms combine the stem �WVj\ with the \L�\�3HUIHFWLYH�QR�SUH¿[ 

set (0-Pfv-no), the progressive aspect forms combine the stem -WVLá�with \L�3URJUHVVLYH�QR�SUH¿[ set, 

DQG�WKH�UHSHWLWLYH�DVSHFW�IRUPV�FRPELQH�WKH�RXWHU�SUH¿[���VWHP�Qj�����FKLVK with the ��,PSHUIHFWLYH�RXW-
HU�SUH¿[ set (0-Ipfv-outer���VLPLODU�WR�WKH�LPSHUIHFWLYH�IRUPV��7KH�PLGGOH�LQÀHFWLRQDO�SUH¿[�PRUSKHPHV�GH-
QRWLQJ�RXWHU�VXEMHFWV�DUH�WKH�VDPH�IRU�DOO�WKH�SDUDGLJP�W\SHV��DV�LV�WKH�FDVH�IRU�WKH�RXWHU�LQÀHFWLRQDO�SUH¿[�GHQRW-
LQJ�GLVWULEXWLYH��(YHQ�WKRXJK�WKH�LQQHU�LQÀHFWLRQDO�SUH¿[�VORW�GRHV�QRW�UHSUHVHQW�WKH�RXWHU��WKLUG�SHUVRQ�VXEMHFWV��
IRU�VRPH�SDUDGLJP�VXEFODVVHV�WKH�LQQHU�LQÀHFWLRQDO�VORW�PD\�FRQWDLQ�VRPH�SKRQRORJLFDO�HOHPHQWV�LQ�FRQMXQFWLRQ�
ZLWK�D�PLGGOH�LQÀHFWLRQDO�SUH¿[��)XUWKHU�EHORZ��)LJXUH�����LOOXVWUDWHV�WKH�VHW�RI�LQGLYLGXDO�PRUSKHPH�FKXQNV�LQ�
WKH�LQQHU�LQÀHFWLRQDO�VORW�DSSOLFDEOH�ZLWKLQ�WKH���,PSHUIHFWLYH�QR�SUH¿[ (0-Ipfv-no) subclass, required 

e.g. with the imperfective stem -tsiy��IRU��ZKLFK�KDV�QR�OH[LFDO�SUH¿[HV��itsiy ‘cry’. How all of the above is spec-

L¿HG�XVLQJ�WKH�lexc component of the FST formalism is detailed below in Sections 3.1 and 3.2; further examples 

are provided in Cox et al. (2016; slides 36-47)

3.1 Lexical tier

Within the lexical tier of our computational model of Tsuut’ina verbs, we need to specify (1) the zero to three 

OH[LFDO�SUH¿[HV� WKDW� LQ�FRQMXQFWLRQ�ZLWK�D�VWHP�WRJHWKHU�FRQVWLWXWH�D�YHUE�FRQVWUXFWLRQ�ZLWK�D�VSHFL¿F� OH[LFDO�
PHDQLQJ������WKH�SRVVLEOH�DOORPRUSK\�FRQFHUQLQJ�QRW�MXVW�WKH�VWHPV�EXW�WKHLU�FRPELQDWLRQV�ZLWK�OH[LFDO�SUH¿[HV�
�ZKHUH�WKH�OH[LFDO�SUH¿[HV�DQG�VWHP�FDQ�ERWK�YDU\���DVVRFLDWHG�ZLWK�WKH�¿YH�DVSHFWV�PRRGV�D�7VXXW¶LQD�YHUE�FDQ�
UHSUHVHQW��DQG�����WKH�VXEFODVV�RI�WKH�LQÀHFWLRQDO�SDUDGLJP��SULPDULO\�FRQFHUQLQJ�WKH�LQQHU�LQÀHFWLRQDO�SUH¿[�VORW�
WKDW�ZH�WUHDW�DV�D�PRUSKHPH�FKXQN��ZKLFK�LV�DSSOLFDEOH�IRU�HDFK�OH[LFDO�SUH¿[���VWHP�DOORPRUSK��L�H��IRU�HDFK�
aspect/mood) of a Tsuut’ina verb.

� 7KH�OH[LFDO�WLHU�FRQVLVWV�RI�RQH�)60�VSHFL¿HG�XVLQJ�WKH�lexc component of the FST formalism, which 

LV�PDGH�XS�RI�WKUHH�VHTXHQWLDO�SDUWV��RU�FRQWLQXDWLRQ�OH[LFD��WKH�¿UVW�VWHS�Verbstems�VSHFL¿HV�DOO�WKH�DIRUH-
mentioned three pieces of information (1-3) in a linguist-friendly format (see table 3.1 below), the second step 

FRQVLVWV�RI�D�VHW�RI�SDUDOOHO��DOWHUQDWLYH�FRQWLQXDWLRQ�OH[LFD�FRQYHUWLQJ�WKH�VSHFL¿FDWLRQ�FRQFHUQLQJ�����LQWR�³FRP-

SXWHU�IULHQGO\´�)67�LQWHUQDO�ÀDJ�GLDFULWLFV�ZKLFK�DOORZ�IRU�OLQNLQJ�WKH�OH[LFDO�WLHU�)60�FRQVWUDLQWV�ZLWK�WKH�LQ-

ÀHFWLRQDO�WLHU��VHH�WDEOH�����EHORZ���DQG�WKH�WKLUG�DQG�¿QDO�VWHS��WKH�VKDUHG�FRQWLQXDWLRQ�OH[LFRQ�9HUEVXI¿[HV, 

simply terminates the lexical tier FSM. Further details on how all this is implemented in practice is presented 

below.

� ,Q�RUGHU�WR�GHDO�ZLWK�DOORPRUSK\��ZH�KDYH�WR�VHOHFW�VRPH�LQÀHFWHG�IRUP�DV�WKH�OHPPD�ZLWK�ZKLFK�ZH�FDQ�
OLQN�WKH�YDULRXV�VWHP���OH[LFDO�SUH¿[�DOORPRUSKV�WRJHWKHU��+HUH��ZH�KDYH�RSWHG�WR�XVH�WKH�Imperfective Mood 

Third Person Singular form as such a lemma, e.g. itsiy ‘s/he/it cries’ for ‘cry’, ts’ázíd ‘s/he/it wakes up’ for ‘wake 

up’, WVtGLLWá¶i ‘s/he/it runs away’ for ‘run away’, and QjJXGLLWáRG ‘s/he/it jumps down’ for ‘jump down’.

� )RU�LQGLFDWLQJ�ZKHUH�WKH�RQH�WR�WKUHH�OH[LFDO�SUH¿[HV��RU�QRQH��RFFXU�DW�WKH�LQQHU��PLGGOH��DQG�RXWHU�LQ-

ÀHFWLRQDO�ERXQGDULHV��DV�GLVFXVVHG�DERYH�LQ�WKH�EHJLQQLQJ�RI�6HFWLRQ���DQG�LQ�6HFWLRQ������LQ�D�YHUE�FRQVWUXFWLRQ��
ZH�KDYH�VSHFL¿HG�D�QRWDWLRQ�XVLQJ�VSHFLDO�FKDUDFWHUV�ZKLFK�VKRXOG�QRW�RFFXU�LQ�DQ\�RI�WKH�DFWXDO�PRUSKHPHV��
with ‘.’ (period) designating the inner boundary, ‘_’ (underscore) the middle boundary, and ‘=’ the outer bound-

DU\��DOUHDG\�PHQWLRQHG�DERYH��7KLV�QRWDWLRQ�LV�DSSOLHG�IRU�HDFK�DOORPRUSKLF�FRPELQDWLRQ�RI�OH[LFDO�SUH¿[HV�DQG�
stems. Within the lexc formalism, the aforementioned lemma, which we supplement with an English gloss in 
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[brackets] as the underlying form on the left-hand side in the notation, is linked with whatever allomorphic sur-

IDFH�UHDOL]DWLRQV�RI�OH[LFDO�SUH¿[HV�DQG�VWHPV��RQ�WKH�ULJKW�KDQG�VLGH�LQ�WKH�QRWDWLRQ��DSSO\�IRU�HDFK�DVSHFW�PRRG�
 For instance, for the imperfective forms of QjJXGLLWáRG�µMXPS�GRZQ¶��ZKLFK�KDV�DOO�WKUHH�OH[LFDO�SUH¿[HV��
Qj� at the outer boundary, gu- at the middle boundary, and di- at the inner boundary, and the stem -WáRG, we can 

represent this structure as QjJXGLLWáRG>MXPS�GRZQ@�Qj JXBGL�WáRG (cf. Table 2.1 above) Similar-

O\�� WKH�SHUIHFWLYH�XQGHUO\LQJ�FRPELQDWLRQ�RI� OH[LFDO�SUH¿[HV�DQG�VWHP�IRU� WKLV�YHUE� LV� UHSUHVHQWHG�DV�nàgu-
GLLWáRG>MXPS�GRZQ@�Qj JXBGL�WázW, the progressive as QjJXGLLWáRG>MXPS�GRZQ@�Qj JXB
GL�Wátá, and the two variants for repetitive as QjJXGLLWáRG>MXPS�GRZQ@�QjQi JXBGL�WáLL]K 

and QjJXGLLWáRG>MXPS�GRZQ@�QuQi JXBGL�WáLL]K. In contrast, for the imperfective forms of itsiy 

µFU\¶��ZKLFK�KDV�RQO\�WKH�VWHP�DQG�QR�OH[LFDO�SUH¿[HV��ZH�FDQ�UHSUHVHQW�WKLV�VWUXFWXUH�DV�LWVL\>FU\@�WVL\. 

In our implementation, empty boundary positions need not be explicitly declared, but that we generate these 

automatically as part of the composition process (as noted above in master compilation code 2). Table 3.1 below 

SUHVHQWV�IXUWKHU�H[DPSOHV�LQ�WKH�¿UVW�VWHS�RI�WKH�OH[LFDO�WLHU�FRGHG�LQ�WKH�FRQWLQXDWLRQ�OH[LFRQ�Verbstems of 

KRZ�WKH�DOORPRUSK\�IRU�FRPELQDWLRQV�RI�OH[LFDO�SUH¿[HV�DQG�VWHPV�IRU�YDULRXV�OHPPDV�DV�ZHOO�DV�WKH�DVVRFLDWHG�
continuation classes with the paradigm subsets are represented within the lexc formalism.

7DEOH������([DPSOHV�RI�WKH�¿UVW�VWHS�LQ�WKH�OH[LFDO�WLHU�)60�FRGHG�LQ�WKH�FRQWLQXDWLRQ�OH[LFRQ�Verbstems, 

VSHFLI\LQJ�DOORPRUSK\�IRU�FRPELQDWLRQV�RI�OH[LFDO�SUH¿[HV�DQG�VWHPV�DQG�WKH�DVVRFLDWHG�SDUDGLJP�VXEVHWV�IRU�
the different aspects/moods of Tsuut’ina verbs itsiy ‘cry’, ts’ázíd ‘wake up’ and WVtGLLWá¶i�‘run away’ and QjJX-

GLLWáRG ‘jump down’.10

/(;,&21�9HUEVWHPV
...
LWVL\>FU\@�WVL\������������������������,175���,3)9�
LWVL\>FU\@�WVj\������������������������,175�\L�\�3)9�
LWVL\>FU\@�WVtá������������������������,175�\L�352*�
LWVL\>FU\@�Qi FKLVK��������������������,175���,3)9�����5(3�
...
WV¶i]LG>ZDNH�XS@�WV¶i ]tG��������������,175�QL�,3)9�
WV¶i]LG>ZDNH�XS@�WV¶i ]LG��������������,175�QL�3)9�
WV¶i]LG>ZDNH�XS@�WV¶i ]Lá��������������,175�\L�352*�
WV¶i]LG>ZDNH�XS@�WV¶iQi ]KLL]K���������,175�QL�,3)9�����5(3�
...
WVtGLLWá¶i>UXQ�DZD\@�WVt GL�Wá¶i�������,175��L�,3)9�
WVtGLLWá¶i>UXQ�DZD\@�WVt GL�Wá¶z�������,175�VLL�3)9�
WVtGLLWá¶i>UXQ�DZD\@�WVt GL�Wá¶iá������,175�\LL�352*�
WVtGLLWá¶i>UXQ�DZD\@�QiWVt GL�Wá¶iVK���,175��L�,3)9�����5(3�
WVtGLLWá¶i>UXQ�DZD\@�WVt GL�WO¶z�������,175�\LL�327�����327�
...
QjJXGLLWáRG>MXPS�GRZQ@�Qj JXBGL�WáRG���,175��L�,3)9��
QjJXGLLWáRG>MXPS�GRZQ@�Qj JXBGL�WázW���,175�VLL�3)9��
QjJXGLLWáRG>MXPS�GRZQ@�Qj JXBGL�Wátá���,175�\LL�352*��
QjJXGLLWáRG>MXPS�GRZQ@�QjQi JXBGL�WáLL]K�,175��L�,3)9�����5(3
QjJXGLLWáRG>MXPS�GRZQ@�QuQi JXBGL�WáLL]K�,175��L�,3)9�����5(3

10  Note that the repetitive aspect/mood forms (marked in the comment section of the lexc code, initiated by an exclamation 

mark ‘!’ as 5(3��IRU�WKH�YHUEV�SUHVHQWHG�KHUH�XVH�LPSHUIHFWLYH�PRUSKHPH�FKXQNV�LQ�WKH�LQQHU�LQÀHFWLRQDO�VORW��,Q�7VXXW¶LQD��
DV�LQ�VRPH�RWKHU�'HQH�ODQJXDJHV��UHSHWLWLYH�IRUPV�GR�QRW�KDYH�D�GLVWLQFW�VHW�RI�LQÀHFWLRQDO�PDUNHUV�OLNH�WKRVH�DVVRFLDWHG�
with imperfective, perfective, progressive, and potential verb forms (cf. Axelrod 1993 for arguments that similar forms in 

Koyukon should be treated as ‘super-aspects’, essentially layering on top of other aspectual markers). Repetitive forms can 

WKHUHIRUH�UHXVH�WKH�LQÀHFWLRQDO�PDUNHUV�GH¿QHG�IRU�RQH�RI�WKHVH�RWKHU�DVSHFWV�PRRGV��ZKLOH�VWLOO�VSHFLI\LQJ�WKH�GLVWLQFWLYH�
stem forms needed here.)

LEXICON Verbstems
...
itsiy[cry]:tsiy                        INTR-0-IPFV;
itsiy[cry]:tsày                        INTR-yi-y-PFV;
LWVL\>FU\@�WVtÝ������������������������ ,175�\L�352*�
itsiy[cry]:ná=chish                    INTR-0-IPFV; ! (REP)
...  
ts'ázid[wake-up]:ts'á=zíd              INTR-ni-IPFV;
ts'ázid[wake-up]:ts'á=zid              INTR-ni-PFV;
WV
i]LG>ZDNH�XS@�WV
i ]LÝ�������������� ,175�\L�352*�
ts'ázid[wake-up]:ts'áná=zhiizh          INTR-ni-IPFV; ! (REP)
...
WVtGLLWÝ
i>UXQ�DZD\@�WVt GL�WÝ
i������� ,175��L�,3)9�
WVtGLLWÝ
i>UXQ�DZD\@�WVt GL�WÝ
z�������� ,175�VLL�3)9�
WVtGLLWÝ
i>UXQ�DZD\@�WVt GL�WÝ
iÝ������� ,175�\LL�352*�
WVtGLLWÝ
i>UXQ�DZD\@�QiWVt GL�WÝ
iVK���� ,175��L�,3)9�����5(3�
WVtGLLWÝ
i>UXQ�DZD\@�WVt GL�WO
z�������� ,175�\LL�327�����327�
...
QjJXGLLWÝRG>MXPS�GRZQ@�Qj JXBGL�WÝRG���� ,175��L�,3)9��
QjJXGLLWÝRG>MXPS�GRZQ@�Qj JXBGL�WÝzW���� ,175�VLL�3)9��
QjJXGLLWÝRG>MXPS�GRZQ@�Qj JXBGL�WÝtÝ���� ,175�\LL�352*��
QjJXGLLWÝRG>MXPS�GRZQ@�QjQi JXBGL�WÝLL]K�� ,175��L�,3)9�����5(3
QjJXGLLWÝRG>MXPS�GRZQ@�QuQi JXBGL�WÝLL]K�� ,175��L�,3)9�����5(3



62   Working Papers in Dene Languages 2016 — Arppe, Cox, Hulden, et al.

,Q�WKH�RYHUDOO�FRPSLODWLRQ�SURFHVV��WKH�VLPSOH��VLQJOH�FKDUDFWHU�OH[LFDO�SUH¿[�PDUNHUV�DV�HYLGHQW�DERYH�DUH�UH-
SODFHG�E\�ÀDJ�GLDFULWLFV�ZKLFK�JRYHUQ� LQ�SDUW�ZKLFK�YDULDQW�RI�D�SDUDGLJP�VXEW\SH� LV�DSSOLFDEOH� LQ� WKH� WKUHH�
LQÀHFWLRQDO�VORWV���,Q�VSHFL¿F��WKH�RXWHU�OH[LFDO�SUH¿[�PDUNHU�µ ¶�LV�UHSODFHG�ZLWK�WKH�ÀDJ�GLDFULWLF�#3�35(),;�
287(5#��WKH�PLGGOH�OH[LFDO�SUH¿[�PDUNHU�µB¶�ZLWK�#3�35(),;�0,''/(#��DQG�WKH�LQQHU�OH[LFDO�SUH¿[�PDUNHU�
‘.’ with #3�35(),;�,11(5#��,I�WKHUH�DUH�QR�OH[LFDO�SUH¿[HV��QRQH�RI�WKHVH�WKUHH�ÀDJ�GLDFULWLFV�DUH�LQFRUSR-

UDWHG�IRU�D�YHUE�FRQVWUXFWLRQ�LQ�WKH�OH[LFDO�WLHU�)67��+RZ�WKHVH�DUH�XVHG�LQ�LQWHJUDWLQJ�WKH�LQÀHFWLRQDO�WLHU�ZLOO�EH�
discussed in the section 3.2 below.

� $V�QRWHG�DERYH�LQ�VHFWLRQ������WKH�PRUSKHPH�FKXQN�LQ�WKH�LQQHU�LQÀHFWLRQDO�SUH¿[�7$0$�VORW�UHSUHVHQWV�
D�QXPEHU�RI�PRUSKRORJLFDO�IHDWXUHV��QDPHO\�DOO�VLQJXODU�DV�ZHOO�DV�¿UVW�DQG�VHFRQG�SHUVRQ�SOXUDO�VXEMHFWV��NQRZQ�
as the inner subject), aspect, mood, conjugation class (i.e., si-, ni-, yi-, or none, representing one of the historical 

Dene aspect/conjugation class markers), and voice/valence (i.e., the historical voice/valence markers or “classi-

¿HUV´�WKDW�IXVH�SKRQRORJLFDOO\�ZLWK�WKH�SUHFHGLQJ�SUH¿[HV���7KHVH�EXQGOHV�RI�IHDWXUHV�FDQ�EH�FRPELQHG�LQWR��DQG�
represented by, single labels, such as 0-Imperfective, yi-y-Perfective and yi-Progressive which are applicable for 

the various moods/aspects of itsiy ‘cry’. It is these labels which are used in Verbstems to specify continuation 

lexica that determine which subclasses of TAMA morpheme chunks in the paradigm are applicable for a verb 

construction in each aspect/mood. For instance, as can be seen in Table 3.1 above, in the case of itsiy ‘cry’ the 

LQQHU�LQÀHFWLRQDO�PRUSKHPH�FKXQN�VXEVHW�,175���,3)9�LV�VSHFL¿HG�DV�WKH�7$0$�FRQWLQXDWLRQ�OH[LFRQ�IRU�WKH�
imperfective forms with the stem -tsiy, ,175�\L�\�3)9 for the perfective forms with the stem �WVj\, ,175�
\L�352* for the Progressive forms with the stem �WVtá, and ,175���,3)9 for the repetitive forms with the 

FRPELQDWLRQ�RI�DQ�RXWHU�SUH¿[�DQG�VWHP�Qj�����FKLVK.

� $V�WKH�VHFRQG�VWHS�RQ�WKH�OH[LFDO�WLHU��WKHVH�7$0$�FRQWLQXDWLRQ�OH[LFD�DUH�XVHG�WR�VSHFLI\�WKUHH�ÀDJ�GLD-
critics concerning valence (#8�9$/(1&(�;#), aspect (#8�$63(&7�;#), and the TAMA chunk subtype (#8�
7$0$�;#) (with ‘X¶�LQ�WKH�ÀDJ�GLDFULWLF�QRWDWLRQ�GHQRWLQJ�D�YDULDEOH�YDOXH���ZKLFK�DFW�DV�WKH�DFWXDO�FRQVWUDLQWV�
RQ�ZKLFK�SDUDGLJP�VXEW\SHV�VSHFL¿HG�RQ�WKH�LQÀHFWLRQDO�WLHU�DUH�DSSOLFDEOH�LQ�WKH�LQQHU�LQÀHFWLRQDO�VORW�ZKHQ�
LPSOHPHQWHG�DV�DQ�)60��$V�H[HPSOL¿HG�LQ�WKH�lexc code snippet below (Table 3.2), in the case of the aforemen-

tioned aspect/mood continuation lexica for the imperfective forms of the intransitive verb itsiy ‘cry’ with the lone 

stem -tsiy, in addition to designating intransitive valence with #8�9$/(1&(�,175$16,7,9(# and imperfec-

tive aspect with #8�$63(&7�,3)9#, the TAMA subtype is set as #8�7$0$���# (the ‘�’ character needed to 

escape the zero character ‘0’ that otherwise refers to an empty transition in lexc code). Finally, as the third step 

in the lexical tier, the continuation lexicon 9HUEVXI¿[HV , which is shared by all the preceding continuation 

OH[LFD�LQ�VWHS�WZR�VHWWLQJ�YDOHQFH��DVSHFW�DQG�7$0$�FODVV��VLPSO\�VLJQL¿HV�WKH�HQG�RI�WKH�VSHFL¿FDWLRQV�RI�WKH�
UHTXLUHPHQWV�FRQFHUQLQJ�WKH�LQÀHFWLRQDO�WLHU��FRQFOXGLQJ�WKH�OH[LFDO�WLHU�)60�ZLWK�WKH�FKDUDFWHU�UHVHUYHG�IRU�WKLV�
purpose in lexc code, the hash-mark “#’ (Table 3.3).

Table 3.2. Examples of the second-step continuation lexica on the Lexical tier converting the information on 

WKH�SDUDGLJP�VXEVHW�DSSOLFDEOH�IRU�D�FRPELQDWLRQ�RI�OH[LFDO�SUH¿[HV�DQG�VWHPV�LQ�)67�LQWHUQDO�ÀDJ�GLDFULWLFV�

/(;,&21�,175���,3)9
#8�9$/(1&(�,175$16,7,9(##8�$63(&7�,3)9##8�7$0$���#�9HUEVXI¿[HV�

/(;,&21�,175�\L�\�3)9
#8�9$/(1&(�,175$16,7,9(##8�$63(&7�3)9##8�7$0$�\L�\#�9HUEVXI¿[HV�

/(;,&21�,175�\L�352*
#8�9$/(1&(�,175$16,7,9(##8�$63(&7�352*##8�7$0$�\L#�9HUEVXI¿[HV�
…

7DEOH������7KH�WKLUG��¿QDO�VWHS�FRQWLQXDWLRQ�OH[LFRQ�LQ�WKH�VSHFL¿FDWLRQ�RI�WKH�OH[LFDO�WLHU�)67

/(;,&21�9HUEVXI¿[HV
���

LEXICON INTR-0-IPFV
#8�9$/(1&(�,175$16,7,9(##8�$63(&7�,3)9##8�7$0$���#�9HUEVXҬL[HV�

LEXICON INTR-yi-y-PFV
#8�9$/(1&(�,175$16,7,9(##8�$63(&7�3)9##8�7$0$�\L�\#�9HUEVXҬL[HV�

/(;,&21�,175�\L�352*
#8�9$/(1&(�,175$16,7,9(##8�$63(&7�352*##8�7$0$�\L#�9HUEVXҬL[HV�
…

/(;,&21�9HUEVXҬL[HV
# ;
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����,QÀHFWLRQDO�WLHU
2Q�WKH�LQÀHFWLRQDO�WLHU�RI�RXU�FRPSXWDWLRQDO�PRGHO��WKH�SRVVLEOH�LQGLYLGXDO�PRUSKHPHV�RU�PRUSKHPH�FKXQNV�
DSSOLFDEOH�IRU�HDFK�RI�WKH�WKUHH�LQÀHFWLRQDO�VORWV��L�H��DW�WKH�LQQHU��PLGGOH��DQG�RXWHU�ERXQGDULHV��OLQNHG�ZLWK�WKH�
OH[LFDO�WLHU�DV�GH¿QHG�DERYH��DUH�¿UVW�VSHFL¿HG�DV�WKUHH�VHSDUDWH�)60V�XVLQJ�WKH�lexc formalism. The core struc-

ture and content of these three lexc�VSHFL¿FDWLRQV�DUH�WKH�VDPH��DVVRFLDWLQJ�PRUSKHPHV�RU�PRUSKHPH�FKXQNV�
ZLWK�ÀDJ�GLDFULWLFV�UHSUHVHQWLQJ�WKH�RQH�RU�PRUH�DVVRFLDWHG�PRUSKRORJLFDO�IHDWXUHV��H�J��#8�68%-(&73(5-
621��##8�68%-(&7180%(5�6*#LV for is-�ZKLFK�LV�WKH�¿UVW�SHUVRQ�VLQJXODU�VXEMHFW�PRUSKHPH�FKXQN�IRU�
an intransitive verb (which belongs to the 0-Perfective�LQÀHFWLRQDO�VXEW\SH�DQG�KDV�RQO\�D�VWHP�DQG�QR�OH[LFDO�
SUH¿[HV�LQ�WKH�FDVH�RI�WKH�SHUIHFWLYH�DVSHFW��
 Nevertheless, the lexc�GHVFULSWLRQ�IRU�WKH�LQQHU�LQÀHFWLRQDO�VORW�WKDW�LV�WKH�PRVW�H[WHQVLYH�VLQFH�LW�QHHGV�
to specify all the possible paradigm subtype variant chunks that are applicable in this slot, depending on the 

FRPELQDWLRQ�RI�WKH�OH[LFDO�SUH¿[HV�DQG�VWHP�RQ�WKH�OH[LFDO�WLHU�IRU�HDFK�DVSHFW�PRRG��)XUWKHUPRUH��WKH�lexc de-

VFULSWLRQ�IRU�WKH�LQQHU�LQÀHFWLRQDO�FRQWDLQV�D�ELW�PRUH�VWUXFWXUH��VLQFH�IRU�HDFK�VXFK�SDUDGLJP�VXEW\SH�LQ�WKH�LQQHU�
LQÀHFWLRQDO�VORW��WKHUH�DUH�WKUHH�YDULDQWV��RQH�IRU�ZKHQ�WKHUH�DUH�QR�OH[LFDO�SUH¿[HV��RQH�IRU�ZKHQ�WKHUH�LV�D�OH[LFDO�
LQQHU�SUH¿[��DQG�SRVVLEO\�EXW�QRW�QHFHVVDULO\�OH[LFDO�PLGGOH�DQG�RU�RXWHU�SUH¿[HV�DV�ZHOO���DQG�RQH�IRU�ZKHQ�WKHUH�
LV�D�OH[LFDO�RXWHU�SUH¿[��EXW�QR�OH[LFDO�LQQHU�RU�PLGGOH�SUH¿[��7KXV��WKH�lexc�FRGH�IRU�WKH�LQQHU�LQÀHFWLRQDO�VORW�
FRQVLVWV�RI�D�VHTXHQFH�RI�WZR�FRQWLQXDWLRQ�OH[LFRQ�W\SHV��7KH�¿UVW�VWHS�TXLWH�VLPSO\�HQXPHUDWHV�WKH�FRQWLQXDWLRQ�
lexica for all the general paradigm subsets11��LGHQWL¿HG�ZLWK�ODEHOV�RI�WKH�IRUPDW�ęĆĒĆȀĘĚćĈđĆĘĘǦĒĔĔĉȀĆĘĕĊĈę, 

e.g. ��,3)9, \L�\�3)9 or \L�3)9 in the case of the itsiy. These paradigm subsets are referred to in the lexc 

FRGH�IRU�WKH�OH[LFDO�WLHU��DQG�WKH�UHVXOWDQW�)60��QRW�DV�FRQYHQWLRQDO�FRQWLQXDWLRQ�OH[LFD��EXW�WKURXJK�ÀDJ�GLDFULW-
LFV�GH¿QLQJ�WKH�YDOHQFH��DVSHFW�DQG�7$0$�VXEW\SHV��RI�WKH�IRUP�#8�9$/(1&(�;#, #8�$63(&7�;#, and 

#8�7$0$�;#�LQ�7DEOH�����DERYH���ZLWK�ZKLFK�WKH�¿UVW�VWHS�FRQWLQXDWLRQ�OH[LFD�LQ�WKH�LQQHU�LQÀHFWLRQDO�)60�
PXVW�DJUHH��7KHVH�YDOHQFH��DVSHFW�DQG�7$0$�ÀDJ�GLDFULWLFV��FRPELQHG�IXUWKHU�E\�ÀDJ�GLDFULWLFV�LQGLFDWLQJ�WKH�
W\SH�RI�OH[LFDO�SUH¿[��LI�DQ\��GHWDLOHG�EHORZ���WKHQ�GLUHFW�WR�WKH�VHFRQG�VWHS�FRQVLVWLQJ�RI�WKH�FRQWLQXDWLRQ�OH[LFD�
specifying the actual TAMA morpheme chunks applicable for the three variants.12

� ,Q�WKH�FDVH�ZKHQ�WKHUH�DUH�QR�OH[LFDO�SUH¿[HV��WKH�VHFRQG�VWHS�FRQWLQXDWLRQ�OH[LFRQ�LV�LQGLFDWHG�E\�WKH�
VXI¿[�1R3UH¿[�DGGHG�WR�WKH�JHQHUDO��¿UVW�VWHS�FRQWLQXDWLRQ�OH[LFRQ�QDPH��ZKLOH�WKH�H[LVWHQFH�RI�DW�OHDVW�DQ�LQ-

QHU�OH[LFDO�SUH¿[�LV�LQGLFDWHG�ZLWK�WKH�VXI¿[�,QQHU3UH¿[, and the existence of an outer or middle but no inner 

OH[LFDO�SUH¿[�LV�LQGLFDWHG�ZLWK�WKH�VXI¿[�2XWHU3UH¿[. As noted above, which of these three variant continu-

DWLRQ�OH[LFDO�LV�DSSOLFDEOH�LV�GHWHUPLQHG�E\�D�ÀDJ�GLDFULWLF��L�H��#'�35(),;#�LQ�WKH�FDVH�RI�QR�OH[LFDO�SUH¿[HV��
#5�35(),;�,11(5#�LQ�WKH�FDVH�RI�DQ�LQQHU��DQG�SRVVLEO\�PLGGOH�DQG�RXWHU��OH[LFDO�SUH¿[��#5�35(),;�
0,''/(#�LQ�WKH�FDVH�RI�D�PLGGOH��DQG�SRVVLEOH�RXWHU�EXW�QR�LQQHU��OH[LFDO�SUH¿[��DQG�#5�35(),;�287(5# 

LQ�WKH�FDVH�RI�RQO\�DQ�RXWHU�OH[LFDO�SUH¿[�EXW�QR�PLGGOH�RU�LQQHU�RQHV��7KHVH�ÀDJ�GLDFULWLFV�LQ�WKH�PRUSKRORJLFDO�
WLHU�¿QLWH�VWDWH�WUDQVGXFHUV�QHHG�WR�PDWFK�ZLWK�WKH�FRUUHVSRQGLQJ�ÀDJ�GLDFULWLFV�ZKLFK�DUH�DXWRPDWLFDOO\�DGGHG�WR�
WKH�OH[LFDO�WLHU�)60�EDVHG�RQ�WKH�LQÀHFWLRQDO�ERXQGDU\�PDUNHUV�µ�¶��µB¶��DQG�µ ¶��DV�SDUW�RI�WKH�RYHUDOO�FRPSLOD-
tion process. Thus, #5�35(),;�,11(5#�LQ�WKH�LQQHU�LQÀHFWLRQDO�)60�UHTXLUHV�#3�35(),;�,11(5# in the 

lexical tier FSM, and likewise #5�35(),;�0,''/(# requires #3�35(),;�0,''/(#, and #5�35(),;�
287(5# requires #3�35(),;�287(5#��:KHQ�WKHUH�DUH�QR�OH[LFDO�SUH¿[HV�IRU�D�YHUE�FRQVWUXFWLRQ��WKDW�IRUP�
KDV�QRQH�RI�WKH�WKUHH�DIRUHPHQWLRQHG�ÀDJ�GLDFULWLFV�LQ�WKH�OH[LFDO�WLHU�)60��WKXV�DJUHHLQJ�ZLWK�WKH�ÀDJ�GLDFULWLF�
#'�35(),;#�LQ�WKH�LQQHU�LQÀHFWLRQDO�)60�
 For instance, the continuation lexicon ��,3)9� �� LQ�WKH�¿UVW�VWHS�LQ�WKH�LQQHU�LQÀHFWLRQDO�)60��UHIHU-
ring to the paradigm subtype 0-Imperfective, applicable for both the imperfective and repetitive aspect forms 

of the verb itsiy ‘cry’, can direct either to the ��,3)9�$))�1R3UH¿[����,3)9�$))�,QQHU3UH¿[ or 

��,3)9�$))�2XWHU3UH¿[���FRQWLQXDWLRQ�OH[LFD�LQ�WKH�VHFRQG�VWHS�LQ�WKH�LQ�LQQHU�LQÀHFWLRQDO�)60��$V�WKH�

11  &XUUHQWO\��ZH�KDYH�VSHFL¿HG����VXFK�SDUDGLJP�VXEVHWV�IRU�LPSHUIHFWLYH�YHUEV��ZLWK�VRPH�PRUH�DWWHVWHG�LQ�GRFXPHQWD-
tion and awaiting implementation in this model.

12  Since we currently specify 22 paradigm subsets for imperfective verbs, this results in altogether 66 continuation lexica 

to cover the three possible variants of morpheme chunk sets. 

13  The element ‘$))’ in the names of these continuation lexica indicates that they contain the actual morpheme chunks, as 

is evident in Table 3.5 below.
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imperfective forms of itsiy have only the stem -tsiy�ZLWKRXW�DQ\�OH[LFDO�SUH¿[HV��LQ�WKDW�FDVH�WKH�VHFRQG�VWHS�
continuation lexicon which will be selected is ��,3)9�$))�1R3UH¿[. In contrast, for the repetitive forms 

ZLWK�WKH�RXWHU�SUH¿[�VWHP�FRPELQDWLRQ�ná-...chish, the second-step continuation lexicon that will be selected 

is ��,3)9�$))�2XWHU3UH¿[.

Table 3.4. First steps in the lexc�VSHFL¿FDWLRQ�RI�WKH�LQQHU�LQÀHFWLRQDO�WLHU�)67��H[HPSOL¿HG�KHUH�E\�WKH�WKUHH�
YDULDQWV�RI�LQQHU�LQÀHFWLRQ�IRU�0-perfective�YHUEV��EDVHG�RQ�ZKDW�W\SH�RI��LI�DQ\�OH[LFDO�SUH¿[HV�WKH�YHUE�

construction consists of.

/(;,&21���,3)9
#8�$63(&7�,3)9##8�7$0$���##'�35(),;#�����������,3)9�$))�1R3UH¿[��
#8�$63(&7�,3)9##8�7$0$���##5�35(),;�,11(5#�����,3)9�$))�,QQHU3UH¿[��
#8�$63(&7�,3)9##8�7$0$���##5�35(),;�0,''/(#����,3)9�$))�,QQHU3UH¿[��
#8�$63(&7�,3)9##8�7$0$���##5�35(),;�287(5#�����,3)9�$))�2XWHU3UH¿[��
…

Table 3.5 presents the full set of morpheme chunks for the second-step continuation lexica /(;,&21���,3-
)9�$))�1R3UH¿[ and the /(;,&21���,3)9�$))�,QQHU3UH¿[�ZLWK�WKHLU�LQQHU�LQÀHFWLRQDO�SDUD-
GLJP�VXEVHWV��$V�FDQ�EH�VHHQ��ZKHQ�WKHUH�LV�QR�OH[LFDO�SUH¿[��WKH�PRUSKHPH�FKXQN�LV�DVVRFLDWHG�KHUH�ZLWK�
ÀDJ�GLDFULWLFV�UHSUHVHQWLQJ�WKH�UHOHYDQW�PRUSKRORJLFDO�IHDWXUHV��H�J��#8�68%-(&73(5621��##8�68%-
-(&7180%(5�6*#�IRU�¿UVW�SHUVRQ�VLQJXODU�PDQLIHVWHG�DV�is-, #8�68%-(&73(5621��##8�68%-(&7-
180%(5�6*# for second person singular manifested as ni-, and so forth. As an important detail, we can 

QRWLFH�WKDW�ZKHQ�DQ�LQQHU�OH[LFDO�SUH¿[�LV�OLQNHG�ZLWK�D�VWHP��WKH�PRUSKHPH�FKXQNV�PD\�EHFRPH�VRPHZKDW�
GLIIHUHQW��H�J��ZKLOH�¿UVW�SHUVRQ�VLQJXODU�LV�PDQLIHVWHG�DV�s- instead of is-, the second person singular remains 

ni-��0RUHRYHU��WKH�DIRUHPHQWLRQHG�ÀDJ�GLDFULWLFV�UHSUHVHQWLQJ�WKH�PRUSKRORJLFDO�SHUVRQ�DQG�QXPEHU�IHDWXUHV�
can be linked with morphological feature tags, which will be outputted in word form analysis, and inputted 

for word form generation (implemented in the sixth FSM referred to in the beginning of Section 3; the details 

of this morphological tagger FSM are left outside the scope of this article).

Table 3.5. Second steps in the lexc�VSHFL¿FDWLRQ�RI�WKH�LQQHU�LQÀHFWLRQDO�WLHG�)67��ZKLFK�FRQWDLQV�WKH�DFWXDO�
7$0$�PRUSKHPH�FKXQNV�DQG�WKH�DVVRFLDWHG�PRUSKRORJLFDO�IHDWXUHV�UHSUHVHQWHG�E\�ÀDJ�GLDFULWLFV�

/(;,&21���,3)9�$))�1R3UH¿[
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#LV�����
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#QL�����
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#L������
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/#LVDj���
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/#LVLu���
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/#DV�����
#5�68%-(&73(5621��##5�68%-(&7180%(5�3/#�������
#5�68%-(&73(5621��##5�68%-(&7180%(5�6*#�������
...
/(;,&21���,3)9�$))�2XWHU3UH¿[
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#V������
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#QL�����
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#�������
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/#VDj����
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/#VLu����
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/#V������
#5�68%-(&73(5621��##5�68%-(&7180%(5�3/#�������
#5�68%-(&73(5621��##5�68%-(&7180%(5�6*#�������
 

LEXICON 0-IPFV
#8�$63(&7�,3)9##8�7$0$���##'�35(),;#�����������,3)9�$))�1R3UHº[��
#8�$63(&7�,3)9##8�7$0$���##5�35(),;�,11(5#�����,3)9�$))�,QQHU3UHº[��
#8�$63(&7�,3)9##8�7$0$���##5�35(),;�0,''/(#����,3)9�$))�,QQHU3UHº[��
#8�$63(&7�,3)9##8�7$0$���##5�35(),;�287(5#�����,3)9�$))�2XWHU3UHº[��
…

/(;,&21���,3)9�$))�1R3UHº[
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#LV�����
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#QL�����
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#L������
@U.SUBJECTPERSON.1@@U.SUBJECTNUMBER.PL@isaà #;
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/#LVLu���
@U.SUBJECTPERSON.2@@U.SUBJECTNUMBER.PL@as   #;
@R.SUBJECTPERSON.3@@R.SUBJECTNUMBER.PL@     #;
#5�68%-(&73(5621��##5�68%-(&7180%(5�6*#�������
...
/(;,&21���,3)9�$))�2XWHU3UHº[
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#V������
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#QL�����
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*#�������
@U.SUBJECTPERSON.1@@U.SUBJECTNUMBER.PL@saà  #;
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/#VLu����
@U.SUBJECTPERSON.2@@U.SUBJECTNUMBER.PL@s    #;
@R.SUBJECTPERSON.3@@R.SUBJECTNUMBER.PL@     #;
#5�68%-(&73(5621��##5�68%-(&7180%(5�6*#�������
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7KH�VSHFL¿FDWLRQV�IRU�WKH�PLGGOH�DQG�RXWHU�LQÀHFWLRQDO�WLHU�)60V�FRQVLVW�RI�RQO\�RQH�VWHS�LQ�WKHLU�lexc code (ex-

HPSOL¿HG�IRU�LQWUDQVLWLYH�YHUEV�LQ�7DEOHV�����DQG�������DVVRFLDWLQJ�WKH�SRVVLEOH�PRUSKHPHV�IRU�WKRVH�VORWV�ZLWK�WKH�
ÀDJ�GLDFULWLFV�UHSUHVHQWLQJ�WKH�FRUUHVSRQGLQJ�PRUSKRORJLFDO�IHDWXUHV��DV�ZHOO�DV�XQLI\LQJ�ZLWK�WKH�FRUUHVSRQGLQJ�
OH[LFDO�SUH¿[�PDUNHUV��#8�35(),;�0,''/(# and #8�35(),;�287(5#, respectively. Thus, in the case of 

WKH�PLGGOH�LQÀHFWLRQDO�VORW�PDUNLQJ�³RXWHU´�VXEMHFWV��ZH�FDQ�KDYH�WKH�PRUSKHPH�gi- corresponding to a third per-

son plural subject, and ts’i-�IRU�WKH�IRXUWK�SHUVRQ�VLQJXODU�VXEMHFW��$QG�LQ�WKH�FDVH�RI�WKH�RXWHU�LQÀHFWLRQ�VORW��ZH�
can have the morpheme Gj��PDUNLQJ�D�GLVWULEXWLYH�IRUP��UHVWULFWHG�WR�RQO\�SOXUDO�VXEMHFWV�ZLWK�WKH�ÀDJ�GLDFULWLF�
#8�68%-(&7180%(5�3/#��$V�ZLWK�WKH�LQQHU�LQÀHFWLRQDO�)60��WKH�ÀDJ�GLDFULWLFV�UHSUHVHQWLQJ�PRUSKRORJLFDO�
IHDWXUHV�LQFRUSRUDWHG�LQ�WKH�PLGGOH�DQG�RXWHU�LQÀHFWLRQDO�)60V�FDQ�EH�OLQNHG�ZLWK�PRUSKRORJLFDO�IHDWXUH�WDJV�DV�
part of the output or input of the entire computational model.

Table 3.6. Extract of lexc�VSHFL¿FDWLRQ�RI�WKH�PLGGOH�LQÀHFWLRQDO�VORW�)60�

/(;,&21�5RRW
#8�68%-(&73(5621��##8�68%-(&7180%(5�3/##8�35(),;�0,''/(#JL� ���
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*##8�35(),;�0,''/(#WV¶L���
����������������������������������������������������������� ���
...

Table 3.7. Extract of the lexc�VSHFL¿FDWLRQ�RI�WKH�RXWHU�LQÀHFWLRQDO�VORW�)60�

/(;,&21�5RRW
#8�9$/(1&(�,175$16,7,9(##8�68%-(&7180%(5�3/##3�',675,%87,9(�21##8�35(),;�
287(5#Gj����
#8�9$/(1&(�,175$16,7,9(##8�68%-(&7180%(5�3/##3�',675,%87,9(�2))#�����
...

$V�QRWHG�HDUOLHU��WKH�VSHFL¿FDWLRQV�RI�WKH�OH[LFDO�WLHU��DV�ZHOO�DV�WKH�DSSOLFDEOH�PRUSKHPHV�RU�PRUSKHPHV�FKXQNV�
LQ� WKH� LQQHU��PLGGOH�� DQG�RXWHU� VORWV� RQ� WKH� LQÀHFWLRQDO� WLHU�� DV� GHVFULEHG� DERYH�� DUH�¿UVW� FRPSLOHG� LQWR� IRXU�
VHSDUDWH�)60V��7KHQ��WKH�WKUHH�LQÀHFWLRQDO�WLHU�)60V�DUH�LQVHUWHG�XVLQJ�¿QLWH�VWDWH�FDOFXOXV�ZLWKLQ�WKH�OH[LFDO�
WLHU�)60��E\�UHSODFLQJ�WKH�VSHFLDO�FKDUDFWHUV�µ�¶��µB¶��DQG�µ ¶�PDUNLQJ�WKH�LQQHU��PLGGOH�DQG�RXWHU�LQÀHFWLRQDO�
ERXQGDULHV�ZLWK�WKH�HQWLUH�FRUUHVSRQGLQJ�LQQHU��PLGGOH��DQG�RXWHU�LQÀHFWLRQDO�)60V��LQ�DGGLWLRQ�WR�FRQWLQXLQJ�WR�
PDUN�WKHVH�VORWV�ZLWK�WKH�FRUUHVSRQGLQJ�ÀDJ�GLDFULWLFV�#3�35(;,;�,11(5#, #3�35(;,;�0,''/(#, and 

#3�35(;,;�287(5#). Crucially, the constraints between the verb constructions consisting of zero-three lexi-

FDO�SUH¿[HV���VWHPV��DQG�WKHLU�DOORPRUSK\�IRU�WKH�GLIIHUHQW�DVSHFWV�PRRGV��DQG�WKH�PRUSKHPH�FKXQNV�DOORZDEOH�
LQ�WKH�LQQHU�LQÀHFWLRQDO�7$0$�VORW�DUH�PDLQWDLQHG�E\�WKH�ÀDJ�GLDFULWLFV�LQFRUSRUDWHG�LQ�WKHVH�IRXU�FRQVWLWXHQW�
morphological FSMs, which become part of the overall morphological FSMs as part of the composition process.

4  Applications
Computational morphological models such as the one we have described above, while useful in and of them-

selves for linguists specializing in a particular language, enable the creation of several software applications that 

have usefulness for a much broader end-user audience of native speakers and learners of an Indigenous language 

such as Tsuut’ina, supporting its continued use on digital platforms (Arppe et al. 2016). Prime examples of such 

applications are intelligent electronic dictionaries, spell-checkers, and computer-aided language learning appli-

cations (Arppe et al. 2015). In this, we have come to make use of the Giella language technology development 

infrastructure (Moshagen et al. 2013), originally created by the Giellatekno14 and Divvun15 research and devel-

RSPHQW�WHDPV�DW�WKH�8QLYHUVLW\�RI�7URPV¡�IRU�GHYHORSLQJ�D�VXLWH�RI�VXFK�DSSOLFDWLRQV�IRU�WKH�6iPL�ODQJXDJHV��

14  http://giellatekno.uit.no/index.eng.html
15  http://divvun.org/

/(;,&21�5RRW
@U.SUBJECTPERSON.3@@U.SUBJECTNUMBER.PL@@U.PREFIX.MIDDLE@gi  #;
#8�68%-(&73(5621��##8�68%-(&7180%(5�6*##8�35(),;�0,''/(#WV
L���
                                                            #;
...

/(;,&21�5RRW
@U.VALENCE.INTRANSITIVE@@U.SUBJECTNUMBER.PL@@P.DISTRIBUTIVE.ON@@U.PREFIX.
OUTER@dà  #;
@U.VALENCE.INTRANSITIVE@@U.SUBJECTNUMBER.PL@@P.DISTRIBUTIVE.OFF@   #;
...
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Figure 4.1. A mock-up on an Intelligent dictionary search for the Tsuut’ina intransitive verb form Qj�
JXWV¶LGiiWáLá, the progressive fourth person singular form of the lexical entry QjJXGLLWáRG ‘s/he jumps 

down’, including a sample paradigm generated for this verb.

Figure 4.2. An example of a currently working demonstration version of a spell-checking module for 

7VXXW¶LQD��EDVHG�RQ�RXU�FRPSXWDWLRQDO�PRUSKRORJLFDO�PRGHO�DQG�LQWHJUDWHG�ZLWK�/LEUH2I¿�FH��SURYLGLQJ�
a suggestion for the incorrectly spelled Tsuut’ina word \L¶\tQ�Oj (using an apostrophe instead of a glot-

WDO�VWRS�FKDUDFWHU�µݦ¶��DQG�WKXV�XQGHUOLQHG�E\�D�UHG�VTXLJJO\�OLQH���IRU�ZKLFK�WKH�FRUUHFW�IRUP�LV�\tҌtQ�Oj. 

Other recognized typos in the Tsuut’ina passage above include: (1) missing tone marking: isina, doo; (2) 

wrong tone marking: Úwat’iyi  (Ú<Ù); and (3) plain letter used instead of the diacritic one: WOuN¶j]i��O�ܽ��
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since this infrastructure has been designed to allow for as seamless an integration as possible of a computational 

model for a language, using FST technology as described above, as software components providing the various 

linguistic functionalities within the aforementioned end-user applications.

� ,Q�RXU�H[SHULHQFH��RQH�RI�WKH�JUHDWHVW�EHQH¿WV��DV�H[SUHVVHG�E\�QDWLYH�VSHDNHUV�RI�,QGLJHQRXV�ODQJXDJHV��
is found by being able to augment an electronic dictionary with the computational morphological model, creating 

DQ�³LQWHOOLJHQW´�GLFWLRQDU\��,�',&7���ZKLFK�LV�DEOH�WR�ERWK�UHFRJQL]H�DQG�JHQHUDWH�LQÀHFWHG�ZRUG�IRUPV��-RKQVRQ�
HW�DO���������,W�KDV�ORQJ�EHHQ�QRWHG�WKDW��IRU�ODQJXDJHV�ZLWK�ULFK�LQÀHFWLRQDO�PRUSKRORJ\�VXFK�DV�7VXXW¶LQD�DQG�
other Dene languages, an electronic dictionary that is morphologically simplistic can be extremely cumbersome 

to use, especially for speakers, learners and others lacking many years of linguistic training. With the help of a 

FRPSXWDWLRQDO�PRUSKRORJLFDO�DQDO\]HU��KRZHYHU��XVHUV�PD\�LQSXW�DQ\�LQÀHFWHG�IRUP�RI�D�ZRUG��DQG�EH�UHGLUHFWHG�
to the appropriate lemma as well as be provided with information on the morphological features of the word-form 

(see Figure 4.1 below of a mock-up *XQiKj, an intelligent on-line dictionary we are developing for Tsuut’ina, to 

be eventually accessible via http://altlab.ualberta.ca/gunaha/). Furthermore, the computational 

morphological model can also be used in reverse to generate individual word-forms expressing some desired 

combination of morphological features, or various selections of word-forms as paradigms of varying extents (e.g. 

FRUH�ZRUG�IRUPV�RU�WKH�IXOO�LQÀHFWLRQDO�SDUDGLJP��VHH�)LJXUH�������0RUHRYHU��DQG�LQWHOOLJHQW�RQ�OLQH�GLFWLRQDU\�
can be linked with a text collection that has been linguistically analyzed using the computational model, allowing 

IRU�VHDUFKLQJ�WKH�XVH�RI�D�OHPPD�LQ�LWV�YDULRXV�LQÀHFWHG�IRUPV�ZLWKLQ�QDWXUDOO\�FRQWH[WV��-XQNHU�DQG�/XFKLDQ�
2007; Junker and Stewart 2008).

� )XUWKHUPRUH��D�FRPSXWDWLRQDO�PRUSKRORJLFDO�PRGHO�GH¿QHV�WKH�VHW�RI�ZHOO�IRUPHG�ZRUGV��DQG�WKHUHIRUH�
can be adapted into a spell-checkers integrated within a word processing application (see Figure 4.2). Such a 

WRRO�FDQ�EH�KHOSIXO�IRU�OLWHUDF\�SURJUDPV�DQG�VSHHG�WKH�FUHDWLRQ�DQG�SURR¿QJ�RI�KLJK�TXDOLW\�WH[WV�LQ�WKH�ODQ-

guage. Where communities are attempting to promulgate a particular written form of the language as standard, 

VXFK�D�VSHOO�FKHFNHU�FDQ�KHOS�LQ�WKH�FRGL¿FDWLRQ�DQG�HQIRUFHPHQW�RI�WKRVH�VWDQGDUGV��+RZHYHU��LW�LV�LPSRUWDQW�
to note that a computational model and the subsequent spell-checkers can be adapted for multiple dialects and 

orthographical standards, if the Indigenous language communities so wish. Finally, it is a short leap from the 

applications described above to classroom applications as well. Foremost among these are intelligent comput-

er-aided language learning (or I-CALL) applications (Antonsen et al. 2013). The combination of a lexicon, a 

computational morphological model and a relative small set of simple grammatical exercise templates can allow 

IRU�WKH�FUHDWLRQ�RI�DQ�HVVHQWLDOO\�LQ¿QLWH�QXPEHU�RI�ODQJXDJH�GULOOV�RI�YDULRXV�W\SHV�

5  Conclusions
In this paper we have presented a general architecture and demonstration case for computationally modeling 

7VXXW¶LQD��XVLQJ�WKH�¿QLWH�VWDWH�WUDQVGXFHU�SDUDGLJP��GHVLJQHG�VR�WKDW�QRQ�FRPSXWDWLRQDO�OLQJXLVWV�VKRXOG�EH�DEOH�
to augment and adapt it with a reasonable amount of training, and which at the same time should be computation-

DOO\�HI¿FLHQW��7KH�GHYHORSPHQW�RI�WKH�FXUUHQW�GHPRQVWUDWLRQ�YHUVLRQ�RI�WKH�FRPSXWDWLRQDO�PRGHO�WRRN�RQO\�VHY-

HUDO�GD\V�RI�FROODERUDWLRQ�E\�¿HOG�OLQJXLVWV�DQG�FRPSXWDWLRQDO�OLQJXLVWV��L�H��WKH�DXWKRUV�RI�WKLV�SDSHU���+RZHYHU��
one must recognize that this built upon decades of linguistic documentation work by linguists and Elders as well 

as other native speakers of Tsuut’ina. Next, our intention is to substantially expand the current demonstration 

version in terms of vocabulary and morphology (adding new parts-of-speech such as nouns). Moreover, we hope 

that this Tsuut’ina model can be an example and inspiration for the creation of similar computational models for 

other Dene languages. Importantly, all the software tools, components and applications presented in this article 

are open-source – the primary cost involved is that of the time and effort of the people who want to further devel-

op this computational model for Tsuut’ina, or start developing ones for other Dene languages.
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