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The Salish language family

e 23 languages

e Coastal & Interior

e 5 major subfamilies
e Many moribund

e Most un-IE (Coastal)

e Intensive corpus work
(speech, text, video,
archives)

e Ongoing active

4 Lushootseed GnGIYSiS
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Lushootseed (dx*lesucid) :
e Also called Puget Salish o Lushootseed dialects:
e Two dialect groups (north, Duwamish
south) Kikiallus
e Highly endangered, active work m;CEISThOOT
e First linguistic grammar is still Nushahe
In preparation Puyallup
e Spoken by tens of thousands of Sahehwamish
speakers 150 years ago Skagit
e Today only a handful of L1 Sauk-Suiattle
speakers, all elderly Skykomish
e Active revitalization effort, Snohomish
many L2, heritage speakers Snoqualamie
e Maybe 500K written words 2?“9"'”
extant eilacoom
Stillaguamish
Suquamish :

AACL 2008 Swinomish



Lushootseed dictionary (LD) |:

e Resource intended for
students, researchers

}
m |mm ﬂ* e Update to previous
version

e Recent work on
digitizing, annotating
contents

e Crucial tool for
research in this talk
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Our work

e Collect and annotate a corpus of
Lushootseed sentences
1) Find sentences from published sources

2) Perform a morphological parse on the input
words

3) Perform a syntactic parse on the
morphologically parsed words

4) Convert the annotations to a database format

5) Query the database for various types of
information
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Rehabilitating the lexical data

e From LEXWARE to TEI (XML)

e From outdated character set
representation to Unicode

e Searchable, browsable digital version

e Lexical content, usage examples used in
corpus work
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1) The source sentences

e Randomly chosen from several sources
e Conversational turns from published narratives
e Sample sentences from pedagogical grammars
e Example usage sentences from LD
e Even historical manuscripts where possible

e Typed or scanned into Romanized form
e No systematically balanced coverage
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2) Parsing the words

e Each sentence is tokenized and each word
sent through a finite-state parser
e Rules to describe morphophonological changes

e Lexicons to define roots, morpheme types
Root coverage via Bates/Hess/Hilbert

> The result is a morphological parse for
each incoming sentence.
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Salish morphology

e Notoriously famous: polysynthetic
e Roots: simple; mostly 1, 2 syllables
e Extensive inflection, derivation

e Intricate reduplication patterns, vowel
harmony, valency modifications

e Lexical suffixes: special class of bound
morphemes that have lexical referents

11
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Sample rule, table, FSA

,;; Optional syncope rule u:0
Note: free variation

L: Lu+ad+s+past Ed VWIVW
;; S: LOOadOsOpast Ed
RULE _
"u:0 => [L|T] __ + @W 4 6 u:0
u L + W@ T
O L @ W@ T
1: O 2 1 1 1 2
2: 3 2 1 1 1 2
3. 1 0 4 0 0 O \
4. 1 0 0 1 0 O 40 @:@ T @: @:@

L:L

12
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Sample parses (Romanized)

PC- KI MM>>r ecogni ze gWEdsut udZi | dubut
gWE+ d+ s+ 2u+  “~tudZ | +du +b Ul
Dub+ ny+ Nnez+ Perf+ “bend over +00C +M dd +Rf X

PC- KI MM>r ecogni ze adsukWaxWiubs
ad+ s+ ?2u+  “"kWaxW +du +b +S e
Your + Nnz+ Perf+ “help +00C +M dd +hi s/ hers

13
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Sample morphologica

PC- KI MMO>r ecogni ze LubEl EskWaxWi | dut ExXWCEL
Lu+bE+l Es+ "kWaxWryi +i | +d+ut +ExWCEL
Fut +ANEWHPr gSt t v+hel p+YIl +i | +Tr x+Rf X+l nc+our

| parse

Wor d
I
NWor d
I
Wér d DET2
| +CEL
VTnsAsp +our
[
FUT Wér d
Lu+ [
Fut + VAspO
[
ANEW Wér d
bE+ |
ANEW VAsp2
I
PROGRSTAT Werd
| Es+ |
Progr St at v+ VFr anme
[
VFr ame NOW
| +ExW
VFrane VSUFRFX +l ncho
| _ +ut
VFr ane VSUFTRX  +Rf x
I +d
VFr ane ACHV +Tr X

I +il
VFranme VSUFYI +il

I +yi
ROOT +yi
~kWaxwW
hel p

AACL 2008
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Morphology of the sentence

1) Romanize the sentence.

tuLi | dEXW KW ?aci Lt al bi xXW ?E kW | EpESkW ? .

2) Morphologically decompose the sentence.

tu+ Lil +d +EXW kW ?aci Ltal =bi xXW?E kW | EpESkW ? .

15
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3) Parsing the syntax

e Describe the relationships between the
words and the morphemes in a sentence.

e Many possible approaches

e T chose the Link Grammar parser (Sleator
& Temperley 1993).

e Doesn't build trees, but diagrams pair-wise
associations between elements in the
sentence

e Most flexible framework for addressing
Lushootseed constructions

16
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The Link Grammar parser

e A free engine for performing syntactic
parsing

e Fast, efficient, widely used

e Needs a lexicon

o Used the same information as for the
morphology engine lexicon

e Needs a specification of link types and how
they combine

e Has to be developed for each language; not for
the faint-hearted! 1
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LG example parses (English) |:
Li nkage 1, cost vector = (UNUSED=0 DI S=2 AND=0 LEN=23)
T T e T DT +
| Foo - MP-------m e + |
I LR R R + I I
I I to------ Jp------- + +----Js---+ I I
+- - Wl- - +Sp* +- PPf - +- - Pg* b- - +- - MVp- + +----AN--- -+ | +---D -+ +-Js+ |
I I I I I I I (. I (I
LEFT-WALL |.p 've been.v majoring.v in Mterial engineering.n at my University in Korea .
Li nkage 1, cost vector = (UNUSED=0 DI S=2 AND=0 LEN=27)
I T T e I T D (s R e +
| R Wic----------- + R TR Opt-----------mmm - - - + |
| | e CoO------- + | Foomm - AN-------m - + |
| | | oo DU Ss------ + | oeeoes AN - + |
+--We- -+ | +--La-+ +--M--+--J-+ | | | +----AN---+ |
I I I I I I I I I I I I I
LEFT-WALL but probably the best.a class.n for.p ne was.v nmedicine.n and first.n aid.n principles.n .
18

AACL 2008



Parsing Lushootseed with LG

e Two steps

1. Process the words morphologically
(identify morphemes, break apart words)

2. Build links between words in the sentences
(run the LG engine on the incoming sentence)

e Uses
e Specifications for link types (the grammar)
e Specifications for word types (the lexicon)

19
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Sample LG Lushootseed parse

| i nkparser> tu+ Lil +d +ExXWkW ?aci Ltal bi xXW?E kW | EpESkW 2.
++++Time (0.13 total) 0.06 seconds
Found 15 |inkages (15 had no P.P. viol ations)

Li nkage 1, cost vector = (UNUSED=0 DI S=4 AND=0 LEN=19)

e T T Do R I +
| e EX---ccemeeeea + |
| AREEERREEE SQs- -~ - - - - - + | |
+----WJ----+--ASP--+ | +----P----+ |
| +- PT+-TX+ | +---DT---+ | +--DT--+ |
|

| I | | |
LEFT-WALL tu+ Lil +d +EXWkW ?aci Ltal bi xXW?E kW | EpESkW ? .

Press RETURN for the next |inkage.

20
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Another parse :
| i nkparser> bE+ Lil +t +Eb +ExW ?El gWE? ?E ti ?E? bE+ ?Es+ i st E?.
++++Ti me 0. 07 seconds (0.20 total)
Found 2 |inkages (2 had no P.P. violations)
Li nkage 1, cost vector = (UNUSED=0 DI S=2 AND=0 LEN=28)
e T T D R +
| o - e - oo - EM - ---o- - - - + |
| S ST PA------- + S TSI P-------- + |
| +----ASP----+ | | oo - - DT------ + |
oWk ND- | | I .
| +- AD+- TX+ | | | | | | +- STV+ |
| I | | . | | |
LEFT- WALL bE+ Lil +t +Eb +ExW ?El gWE? ?E ti ?E? bE+ ?Es+ istE? .
21
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Parsing Lushootseed

e How? Problematic...

e No integrated comprehensive theoretical
account of morphology/syntax and interactions

e Lexical information necessary
e What corpus?

e Why? Debatable, but...

Insight into structure

Reference for linguistic research
Potential for language learning applications
Statistical and distributional information

22
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Parser development

e Collect as many sentences as possible

e Run them through the morphological and
syntactic parsers

e Collect the results for further analysis
e Refine the rules as necessary

e So far: about a thousand Lushootseed
sentences parsed

23
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Another parse :
i nkparser> q'ili +t +Eb +EXW?E ti?E? s+ ?il =aXad ?E ti ?E? capt ai n.
++++Tinme 0.08 seconds (0.28 total)
Found 11 Iinkages (11 had no P.P. violations)
Li nkage 3, cost vector = (UNUSED=0 DI S=6 AND=0 LEN=23)
R i D¢ B I +
I to------ EM------ + I
| +----- ASP- - - - + +----- P----- + |
| +---NMD- -+ | | +---DT--+----M---+----- P----+ |
+---WI- - +-TX-+ | | | | +NZ+- LX- + | +--DT- -+ |
| | | I | | | | |
LEFT-WALL q'ili +t +Eb +EXW?E ti?E? s+ ?i|l =aXad ?E ti ?E? captain .

24
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Another parse :
| i nkparser> ?u+ da?a +d ?El gWE? ?E kW s+ gWstalb ti?E? SukWE?.
++++Time 0. 02 seconds (0.30 total)
Found 1 |linkage (1 had no P.P. violations)
Uni que |inkage, cost vector = (UNUSED=0 DI S=4 AND=0 LEN=24)
e T T D R +
| e SO0------------------- + |
| heo - EX- - - - -- SRREEE P----- |
+----- Wl----+---S(0Os--+ | +----DT---+ | |
| +- PRF+- TX+ | | ] +- - NZ- + +--DT--+ |
| | | | I | | |
LEFT- WALL ?u+ da?a +d ?EI gWE? ?E kW s+ gWstalb ti?E? SukWe? .
25
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Sample link specifications

<pref-aspl> {(PRF- or STV- or PRG)};
<pref-asp2> {HAB-} & {DUB-} & {AD};
<predprefs> {NzZ-} & {<pref-aspl>} & {SX-} & {<pref-asp2>} & {(FUT- or PT-)};

<roo%ArSr%i ?>: <predprefs> & {DT-} & {LX+} & {BNF+} & {TX+} & {TC+} & {ACH+} & {TC+} & {TX+} &
+5
<mai h-args>. {P-} & {GEN} & {VWH} & {SCs+} & {W+};

<roo'i-A%iPt£x>: <predprefs> & {DT-} & {LX+} & {BNF+} & TX+ & {TC+} & {ACH+} & {TC+} & {TX+} &
+}
<ditrx-args> {P-} & {GEN} & {WH} & {SCs+} & {EX+} & {SCo+} & {MW+};

<roo%:&' ?dlgLe?AS;pEedprefs> & {DT-} & {LX+} & {BNF+} & {TX+} & {TC+} & MD+ & {ACH+} & {TC+} &
+ +1:
<m ddl e-args>. {P-} & {GEN-} & {WH} & (({PA+} & {EM+}) or ({EM+} & {PA+})) & { W+};

<predl>: ((<root-nmmin> & <mai n-args>) or
(<root-mddl e> & <ni ddl e-args>) or
(<root-ditrx> & <ditrx-args>)
) & {Wd-};

26
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4) Database conversion

e The link structure for each word pair can be
loaded into a database record

e Import parse results into MS Access

e This allows use of database manipulation
techniques

e Querying, or asking about, the contents is a
commonly performed task with databases

27
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B =
File  Edit %iew Inset Fomnat Records  Tools  Window  Help - X
E-Han gAv e ViV R 4 K B A ),

ID | SentMum| L[HLex |[LHLabel| LHCount | Label | RHCount| RHLabel |  RHLex |2l

|| 1642 356 T'u+ HAB 1| @-—HAB---= 3 HAB t'as.r i

|| 1843 356/ tu+ FT 2 2PT= 3 PT t'as.r

|| 1063 206 huy. = W 1) € 2w tEJLr

|| 1058 207 gWEl W 1] €= 2 tEJLr

|| 406 4 gWEl W 1) e = 2w tEL.v

|| &1 123 gWE+ DUE 1| #-—DLUB---= 2 DuUB tEL.v i

|| 1455 2897 gWE+ CUE 1| =-—DLUB---= 2 DU TELr

|| 24 4 7E F G P 8P tE . r

|| 25 4 5+ M7 7 N 8 MZ tE .

|| 1305 263 7al F 10 P 12P tEs.r

|| 1306 263 kWi oT 11 <==-0T---= 12|07 tEsr

|| 1546 305 bE+ AD 1] & A 2AD tEy.v

|| 15976 378 gWEl W 1) e = 2w tivE?.d

|| 212 36 Bk S50s § <-50g-—> 8 50 ti*E?.p

|| 216 37 Parx S0s 1 #—-50g--= 280 ti*E?.p

|| 421 7B EKW.r 505 2 <-50g-> 6 =0 tifE?.p

|| 491 89 dxWv?al F Y 6P tiE?.p

|| 52 94 gWwarir | S0s 1 #--505--» 380 tiE?.p

|| 545 97 aWElub.r | S0s 2 2-50g-—> 350 ti*E?.p

| o600 99 huy.r S0s B «-—S50g---> g =0 tifE?.p

|| 561 99 YE F 7 P 8 F ti*E?.p

|| 1351 271 LisW.r S0s 1 #—-50g--= 280 ti*E?.p

|| 1420 2583 7al F 3 P 4P tifE?.p

|| 1430 285 7al F 3 P 4P tiE?.p

|| 1437 287 7al F 3 P 4P tiE?.p

|| 17586 349 Pab.r PA e e 8 PA ti*E?.p

|| 1546 357 | Pay.r PA 2 2PA 7IPA tifE?.p

|| 105 15/ PE F e 9P Tub.r

| 106 15/ studEg.r 50s 7 2-50g--= 850 Tub.r

|| 108 15 Lu+ FUT g <---FUT--> S FUT Tub.r

|| 1956 381 ?Es+ ST 1] 25T 25T Tub.r =

|| 132 18 Jigr =05 1) #5005 950 tudEgy

N 137 18 7E P ] Ca— 9P tudEq i

197 18 4i?F7 d mT AR )y S 50T tirFr =
Record: 4]+ |[ =34 ¢ |ei|rx] of 2143
D atasheet Yiew LI

]

In.| Gk S| S

Ar. | =e|oe oo | oL |Ev] &L | Be @ Ek]L
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5) Query over the analyses

e Once in database format, the parses can
be queried by a user using SQL:

e Which predicates have both a negative and an
aspectual marker?

e Which sentences have two oblique
complements?

e Find questions with past tense.
e Which words are the most complex?

e SQL is not English; some technical
knowledge is necessary

29
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Sample SQL query

e List sentences with respect to the
complexity of their predicates

SELECT Sent Num COUNT( Sent Num) from granr ut h2
VWHERE (LHLex LIKE "*+4" OR LHLex LIKE "*=")
OR

(RHLex LIKE "+*" OR RHLex LIKE "=*")

GROUP BY Sent Num

30
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Sample statistics (tokens)

e # sentences: 500

e # morphemes: 2954
o suffixes: 623
o prefixes: 607
o lexical suffixes: 58

o # words: 1625
e # S's with only monomorphemic words: 43

AACL 2008



Sample statistics (links, partial)

777
763
629
618
528
380
323
228
205
193
188
122

99

97

85

82

AACL 2008

punct uati on
det er m ner
PP

subj ect
PP- obj ect
aspect ual
transitive
m ddl e
stative
nom nal i zer
past
adverbi al (sentential)
achi evenent
perfective
possessi ve
future

73
66
61
53
51
45
39
32
29
29
15
10

8

7

2

| exi cal suffix
obl i que

habi t ual
subor di nati ng
adver bi al (predicate)
passi ve

dubitative

benef active
progressi ve
causati ve

obj ect

adj ecti ve

determ ner (fem nine)
partitive

refl exive

32
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Sample structures :
e Longest link
| i nkparser> huy | EK' W+t +Eb +EXW ?E ti ?E? dxWT alb ti ?E? | EpESkW .
T o D L +
| Fo - R + |
| oo EM ------ + |
| +-- - - - ASP- - - - - + | | |
| e B P--- - + |
+---WY--+--WH- - +- - TX-+ | | | +----DT---+ +---DT---+ |
I | | | I | | | | | I
LEFT-WALL huy.a | EK' Wr +t +Eb +EXW?E ti ?E?.d dxWsT al b.r ti?E?.d | EpESkW .
e Most complex predicate
T u+ tu+ s+ takW +yi +Eb +s
33
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Lexical suffixes frequency?

AACL 2008

10 =bi xW

3 =i g\\Ed
2 =ELdat
2 =a?kW
2=aC ?

2 =aXad

2 =ali

1 =abac

1 =al ?t xW
1 =ali kW
1 =al us

1 =aq

1 =g\Was

1 =gWL

1 =gW

1 =i

1=iC
1=qid

1 =uci d

34



Other sample questions

e Find all sentences where a given word is
translated into English the same way.

e Show cases where a passive in English is
used to translate a middle in Lushootseed.

e Which is more common: past tense or
present tense?

e Find all verbs with the out-of-control
suffix.

e List all reduplicated forms by pattern.

35
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Issues

e Ethical: native copyright and language
ownership

e Representational: XML markup vs.
relational database for canonical
representation

e Technological: multi-layer annotation of
multimedia (audio, video)

e TASX, EXMARaALDA, CLaRK, LTXMLZ, IGT-
XML, etfc.

36
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Future work

e More complete corpus, better coverage
e Unicode orthography

e Linguistic phenomena (e.g. reduplication)
e Menu-driven queries instead of SQL

e Show how it can be useful for language
learning, other applications (e.g. speech
recognition)

e Deploy it on the web for others to use
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Conclusions

e Preliminary work on an annotated corpus of
Lushootseed text

e Combines morphological and syntactic
parsing

e Well suited for shallow morphosyntactic
parsing

e Potentially useful tool for text analysis,
language learning and documentation

38
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Questions?




	Developing a corpus for a �morphologically rich, �endangered language 
	Language endangerment
	Language hot-zones
	The Salish language family
	Lushootseed (dxwləšucid)
	Lushootseed dictionary (LD)
	Our work
	Rehabilitating the lexical data
	The source sentences
	Parsing the words
	Salish morphology
	Sample rule, table, FSA
	Sample parses (Romanized)
	Sample morphological parse
	Morphology of the sentence
	Parsing the syntax
	The Link Grammar parser
	LG example parses (English)
	Parsing Lushootseed with LG
	Sample LG Lushootseed parse
	Another parse
	Parsing Lushootseed
	Parser development
	Another parse
	Another parse
	Sample link specifications
	Database conversion
	Query over the analyses
	Sample SQL query
	Sample statistics (tokens)
	Sample statistics (links, partial)
	Sample structures
	Lexical suffixes frequency?
	Other sample questions
	Issues
	Future work
	Conclusions
	Questions?
	Why Lushootseed?



