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Abstract

This paper describesthe implementa-
tion of afull-scalepronunciatioriexicon
for Turkishusing nite statetechnology
Thesystenmproducestits output,apar
allel representatioof the pronunciation
and the morphologicalanalysisof the
wordform sothatmorphologicallisam-
biguation can be usedto disambiguate
pronunciationThepronunciatiorrepre-
sentations basedon the SAMPA stan-
dard and also encodesthe position of
the primary stress.The computationof
the position of the primary stressde-
pendsonaninterplayof ary exceptional
stressn rootwordsandstresgproperties
of certainmorphemesandrequiresthat
a full morphologicalanalysisbe done.
Thesystemhasbeenmplementedising
XRCE Finite StateToolkit.

1 Intr oduction

Pronunciatiorlexiconsarecomputationatlevices
thatmapthegraphemiaepresentationf wordsto
a representationf their pronunciation. They are
avaluableresourcén annotatingspeecldataused
in training automaticspeechrecognizersandin
generatingaccuratespeechn text-to-speeclsys-
tems. In this paper we presentthe designand
implementatiorof a full scale nite statepronun-
ciation lexicon of Turkish, an agglutinatinglan-
guagewith extremelyproductve in ectional and
derivational morphologicaland an essentiallyin-
nite lexicon. The agglutinatingnature of the
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languageimplies that ary corpusbasedcompi-
lation of a word list for usein speechapplica-
tions will be ratherinadequatgHakkani-Tur et
al., 2002). Noun rootstypically have a few hun-
dred forms, and Hankamerestimatesa few mil-
lion formsfor eachverbalroot (Hankamer1989).
This necessitateshat one emplg/ a generatie
modelthatis ableto recognizeall possiblewords
in the languageand basethe pronunciationlexi-
cononthisto avoid asigni cant out-of-vocalulary
word problem. The lexicon implementedasa -
nite statetransduceitakes as input a word form
and producesall possiblepronunciationsof the
word, pairedwith the correspondingnorpholog-
ical analysesThe pronunciationgreencodedis-
ing the SAMPA encoding,and also include the
marking of the position of the primary stress
The dependencef the stresscomputationon the
properidenti cation of morphemesndtheir mor
photacticalfunction requiresthat the pronuncia-
tion lexicon be built on top of a morphological
analyzer Although Turkish super cially seems
to have an almostone-to-onemappingbetween
graphemicsand pronunciation,there are quite a
numberof subtlephenomenan loan words, and
in morphophonologysuchas sufxation induced
exceptionalvowel lengtheningandpalatalizations
in the surfacerealizationsof certainsufx esde-
pendingon vowel harmoly resolution.Suchphe-
nomenaare not distinguishedn orthographybut
have to be handledwhile representingrronuncia-
tion. Therearealsoa numberof interword phe-

!Seenttp://www.phon.ucl.ac.uk/home/sam-
pa/turkish.htm . We usethe SAMPA notationto shav
pronunciationsn thetext, wherenecessary



nomenasuch as word-initial devoicing or word-
nal voicing that have to be handledat the sen-
tencelevel, asorthographydoesnot re ect those
interactionseither

Finite state transducersare commonly used
in building pronunciationlexicons for mapping
betweenorthographicstrings and phonological
strings, either as an efcient encodingof direct
mapping,or a mappinginvolving somekind of
morphologicalprocessing(Jurafsly and Martin,
2000). Recently Gibbonet al. (2000) have de-
scribeda nite statetransducerto act asa pro-
nunciationresourcdor anin ected languagetike
German. Their approachexplicity modelsmor-
phologically out-of-vocatulary words by usinga
morphologicalparserthat cansegmentandiden-
tify sufx eswithout an explicit root lexicon. In-
stead,it usesa small nite statetransducetthat
cancapturethe contectual grapheme-to-phoneme
mappingrulesfor Germanalongwith prediction
of afx androotboundaries.

Someapproacheslsomodeldialectalpronun-
ciation variations using nite state machinery
Hazenet al. (2002)describea nite statetrans-
ducerthat usesa phonemicbaseformdictionary
Rewrite rulesimplementecasweightedtransduc-
ersderive phonologicalvariations.Themaingoal
of thetransduceis to generatevariationssuchas
contractionsreductionspart-of-speecipronunci-
ationvariants yvariationsthatdependn stressand
syllablepositions.etc.

This papermales extensie useof nite state
methodsandtwo-level morphologyto build afull-
scalepronunciationexiconfor alanguagevith es-
sentiallyanin nite vocalulary. Its contritutions
lie in its useof themorphologicaktructureo com-
putethe position of the lexical stressand phono-
logical changeghatarenot markedin graphemic
representationsf words, in additionto beingthe

rst suchresourcdor Turkish.

2 Turkish

Turkish is an Ural-Altaic language,having ag-
glutinatve word structureswith productve in ec-

tional and derivational processes.Turkish word
forms consistof morphemesconcatenatedo a
root morphemeor to othermorphemesmnuchlike
“beadson astring’ Exceptfor avery few excep-

tional casesthe surfacerealizationsof the mor-
phemesare conditionedby various regular mor-
phophonemigrocessesuchas vowel harmory,
consonanassimilationandelisions. The morpho-
tacticsof word forms canbe quite complex when
multiple deriationsareinvolved.

2.1 Aspectsof Turkish Phonology

Overviews of Turkishphonologycanbe foundin
ClementsaandSezer(1982),vanderHulstandvan
deWeijer (1991)andKorn It (1997).Turkishhas
a 8-vowel inventorywhich is symmetricalaround
theaxesof backnesstoundnessandheight: /i, v,
e, 2,a,0, 1, u/ which correspondo i, U, € 6, a,
0, , andu in Turkish orthography Sufx vowels
typically harmonizein backnessand (if high)in
roundnesgo the precedingstemvowel (compare
e.g.,ev+ler /evler/ "house-pluralto at+lar /atlar/
“horse-plural’),althoughthereareseveral sufx es
whosevowels do notharmonizeé Mary rootsare
internallyharmonicbut mary othersarenot; these
includeloanwords(e.qg. kitap /kitap/ "book'’, from
Arabic) aswell assomenative words (e.g.,anne
fannel mother"). Further vowel harmory doesnot
applybetweerthetwo componentsf compounds.

Turkish has26 consonantsip, t, tS, k, c, b, d,
dz,9,9j,f,s,S,v,w, z,Z, mn,N, I, 5rj h,
Gl. IG/ representshe velarfricative or glide cor
respondingo the historical voicedvelar fricative
thatwaslostin Standardrurkish;but we treatit as
aconsonantor the purpose®f this work. Onthe
other hand, orthographyusesonly 21 lettersfor
consonants/g/ andits palatalcounterpartgj/ are
written as g, while /k/ andits palatalcounterpart
Icl arewritten ask, /5/ and/I/ arewritten asl, /v,
w/ arewrittenasv and/n/ andits nasalcounterpart
/N/ arewritten asn. Palatalizedsegments(/gj, c,
I/) contrastwith their nonpalatalizecounterparts
only in thevicinity of backvowels(thussolis pro-
nounced'so5/whenusedto mean’left' vs. /sol/
whenusedto mean notein scale’). In the neigh-
borhoodof front vowels, palatalityis predictable
(lig Mligj/ “league’).

Plosves (/b, d, g/) typically devoice syllable-
nally (thuskitab+a /ci-ta-ba/ book-datve' but
kitap /ci-tap/ "book’, kitap+lar /ci-tap-lar/"book-
plural’). Sufx-initial plosvesassimilaten voice

2\We use- to denotesyllableboundariesand+ to denote
morphemeboundariesvhereser appropriate.



to the precedingsegment (thus kitap+ta /ci-tap-
ta/ book-locatve' but araba+da/a-ra-ba-dalcar
locatve").

Velar consonantg/g/ and/k/) reduceto /G/ at
most root-sufx boundaries;thus sokak/sokak/
“street’, sokak+ta/so-kak-ta/ street-locatie’ but
sokaya /so-ka-Ga/ street-datie’. In certaindi-
alectsa syllable- nal /G/ may manifestitself as
thelengtheningof the precedingrowel.

Turkish syllable structure allows open and
closedsyllablesbut no onsetclusters> Only a
subsebf consonantlustersarepermittedin coda
position. Vowel length is phonemic,and long
vowels are in complementarydistribution with
codaconsonantsiong lexical vowelswill shorten
whenforcedinto a closedsyllable (thus/za-ma:-
na/ time-datve' but /za-man-daltime-locatve’).

2.2 Stressin Turkish Words

Turkish haslexical stress:eachword hasexactly
one primary-stressedayllable? Someroots are
lexically stressetl and certain sufx es are pre-
stressing,meaningif not overridden, they will
stressthe precedingsyllable A word composed
of only unstressefteeandboundmorphemesx-
hibits the default stresgpatternwherethe lastsyl-
lable is stressed. In a word with stressedoot
and/orprestressingufx es,the stressof the left-
mostsuchmorphemaewill prevail (seee.g.,Inkelas
(1999)for anoverview.)

In placenamesandforeignnamesausedin Turk-
ish, adifferentdefault patternis usedtermednhere
the“Sezer”stresgattern,in tributeto its descrip-
tion in Sezer(1981). For suchwords the ante-
penultimatesyllableis stressedvhenit is heary
(meaningcontaininga long vowel or endingin a
consonantpndthe penultimateis light (meaning
endingin a shortvowel), e.g.,/"an-ka-ra/;other
wise stressis penultimate(e.g., /is-'tan-ll/, /a-
“da-na/.The Sezempatterncanbeimposedon ary
wordif usedasa placename(thuskandil+li /kan-
dil-"li/ "oil lamp-with', but Kandilli /kan-"dil-li/
(sameword usedasplacename).

3Exceptin afew loanwordssuchasangstom/angs-trom/.
*Theexistenceof secondargtresss controversial.
SWe call this exceptionalstress

3 Computational Considerations

The problem of grapheme-to-phonemmapping
for Turkishis simplerthanfor languagesuchas
Englishor French.Orthographynoreor lessmaps
one-to-oneto pronunciationyet thereare quite a
numberof casesvhereorthographyis ambiguous.
Thesecasesusuallystemfrom thefactthataloan
word (usuallyfrom Arabic, Persianor French)is
a homograplof anotherTurkishword. The once
usedaccentmarksto mark the distinctionsare
not longer consistentlyused,if at all, andoneis
left to rely on the context for inferring the cor
rectpronunciation.The othermajorsourceof pro-
nunciationambiguity is the location of primary
stressin the word. As we saw, stressis deter
mined by an interplay of ary Sezer/gceptional
stressn rootwordsandthestressnarkingproper
tiesof morphemesCertainmorphemesvhich are
homographs(but marking different morphosyn-
tactic features)may appearin the samein ec-
tion paradigmin morphotacticsbut have differ-
ent stressmarking properties. For instance,the
+ma/+me sufx in the verb paradigmwill (de-
pendingits position in the sufx sequenceki-
thermarknegative polarity or anin niti ve deriva-
tion. So, a word form like okumawould either
meanthe imperatve “don' read' or the in niti ve
“to read/reading® In theimperatve reading,the
stresswill be on the syllable precedingthe +ma
sufx, whilein theotherreadingthesufx is neu-
tral andstresss on the last syllable. Thus, mor
phologicalanalysisis necessaryo determinethe
morphemestructurewhich alongwith ary stress
marlersin the root morpheme then determines
the location of the stress. On the otherhand,in
an applicationcontext suchastext-to-speechthe
appropriatgronunciatiorof thewordhasto deter
minedby a morphologicaldisambiguatiorand/or
word sensalisambiguatiorprocess For instance,
morphologicaldisambiguatiorof the readingsof
the word okumawould be necessaryo selectthe
appropriatepronunciationin a contet, while a
processakin to word sensedisambiguatiorwould
be necessaryo disambiguatehe appropriatepro-

®In additionto a nominalreadingok+um-+a, 'arrow-1sg
possessie-datve' meaningto my arron' whichhasthesame
pronunciatiorasthein niti ve reading.



nunciationof theword solin Section2.1.” Appli-
cationlevel disambiguatiomequiresthe availabil-
ity of the morphosyntactideaturesso that mor-
phologicalinterpretation@ndhencethe appropri-
atepronunciatiorcanbeselectedisingcontetual
informationwith statisticand/orsymbolicmeans
(Hakkani-Tur etal., 2002).

It ishowevernecessarto generateéherepresen-
tationsof pronunciationand morphologicalanal-
ysisin a pairedand parallelfashion. Generating
them separatelyandindependentlywould not be
of muchuse.It would not be possibleto associate
a given pronunciationwith an analysisasthis in
generabnn-to-m mappingasshavn in Figurel.

Morphological Analyses
Pronunciations

Surface word form

Figurel: Generalrelationshipbetweerpronunci-
ationsandmorphologicaknalyses

Theseconsiderationbave promptedusto build
the pronunciationlexicon on the scafolding pro-
vided by the wide coveragemorphologicalana-
lyzer for Turkish (Oflazer 1994) that we have
built usingXRCE nite statetools(Karttunenand
Beeslg, 1992; Karttunen,1993; Karttunenet al.,
1996)

4 The architecture of the pronunciation
lexicon

4.1 The Word Pronunciation Transducer

The word pronunciationiexicon transduceis the
compositionof a seriesof transducershat trans-
form a surfaceform into all possibleandambigu-
ous parallel representationsf its pronunciation
and morphologicalfeatures. The overall internal
structureof the transducetis shaovn in Figure 2.
All the boxesin this gure are nite statetrans-
ducers,andin implementationthey areall com-

"Thoughthe two are not sensef a word in the lexico-
graphicsense.

posedat compile-timeto give one (very large)
transducerLet usnow describethe functioneach
of thesetransducera detail:

R e N e N S W e S e N T 2 Y
/ \
\ J
N - - -/ -/ -

—

Figure2: Thestructureof theword pronunciation
lexicontransducer

The Two-level Rule Transducer at the bot-
tom implementsthe morphographemienapping
describedby a set of parallel two-level rules
(Koskenniemi, 1983). It is the intersectionof
the transducerdor about 35 morphographemic
rulesthatcapturethe morphographemicsf Turk-
ish (Oflazer 1994). It mapsthe surface repre-
sentatiorof aword into possiblelexical represen-
tations® For example the surface form kar n
would mapto ve lexical forms?®

Lexical Form  Gloss

kar+Hn your snaw/pro t
kar+[n]Hn of thesnaw/pro t
kar+[y]Hn mix (it)!

kar +[H]n your wife

kar n belly

The next transduceis the Lexicon Transducer
comprisingtherootandtheafx lexicons.In addi-

8Though such lexical representationsio not necessar
ily male distinctionsnot requiredby morphographemipro-
cesses.

°H representsa lexical meta-phonethat denotesa high
vowel unresoled for frontnessand roundness.|[..] de-
notessegmentsof morphemeshataredeletedonthe surface.



tion to the standardrderingof thesufx lexicons
in the in ectional and dervational paradigms,jt
alsocomprisesa couplehundred nite statecon-
straints motivated by morphosyntacticand se-
mantic concerns. Theseconstraintsmpose ne
grained tuning on word structuresand signi -
cantly tamethe overgenerationof the paradigm-
basedmorphemdexicon ordering. In the context
of the pronunciationlexicon the Lexicon Trans-
ducerhastwo mainfunctions:

1. it producesall possiblemorphosyntactidea-
turerepresentationsf thefreeandboundmor
phemes,

2. it replicateghelexical form atits outputpossi-
bly augmenteavith ary stressnarkersinduced
by speci c prestessingooundmorphemes

Continuing the example earlier the ve lexical
forms above would map to the following at the
outputof this transducet®

Input Lexical Form
Output of the Lexicon Transducer

kar+Hn
(kar)kar+Noun+A3sg(+Hn)+P2sg+Nom
kar+nHn
(kar)kar+Noun+A3sg+Pnon(+nHn)+Gen
kar+yHn
(kar)kar+Verb+Pos(+#p#yHn)+Imp+A2sg
kar +Hn
(kar )kar +Noun+A3sg(+Hn)+P2sg+Nom
kar n
(kar n)kar n+Noun+A3sg+Pnon+Nom

A coupleof remarksarein orderhere:

1. The morphologicalanalysisprocessis essen-
tially complete. We have an interleaved rep-
resentationof lexical morphemes(between
(...) ) andthemorphosyntactiteatureghey
map to. The concatenatiorof the contents
in pairs of parenthesesomprisethe original
lexical form with possibleaddition of certain

1ONote that somedefault featureare producedwith zero
morphemes.The morphologicalfeaturesusedin the paper
other than the obvious POSsare: Imp: imperatve mood,
+P2sg: 2" personpossesse agreementfAlsg: 1% per
sonsingularagreement+A2sg: 2" personsingularagree-
ment, +A3sg: 3'% personsingularagreement#Pnon: No
possesse agreementyNom Nominative case+Gen: Gen-
itive case+Pos: Positive Polarity, +Neg: Negative Polarity,
+Become: Becomeverb,+Caus: Causatie verb,+Progl :
Progressie aspect;+Past : Pasttens€ DB denotesaderiva-
tion boundary

stressmarlers, while the rest when concate-
natedgivesthe morphologicaknalysis.

2. The morpheme +yHn in morphotacticsis
a prestressingnorpheme(hencethe marker
#p#), thatis, it mayeventually causethe pri-
marystresgo appeain thesyllablebeforethis
marker.

Fromthis pointupwardsin the structure we carry
the morphologicalfeaturesaround, manipulating
thelexical representatiosandwichedetweerthe
(..) to generatdherepresentationf the corre-
spondingpronunciation.

Thelnverse Two-level Transduceiis essentially
(but not exactly) the inverse of the Two-level
Transducer We have the sameset of rulesand
a slightly different setof (inverse)feasiblepairs
(differentfor a variety of technicalreasons.)The
only differencen therulesis thatthecontext regu-
lar expression®f thetwo-level rulesaremodi ed
toignorethe(,) symbolsthestressmarlers,and
the featuresymbolsoutsidethe parenthesesThe
function of this transduceiis to map the lexical
form backto the surfacemorphemeghe concate-
nationof whichwill givetheoriginal surfaceform
(plusary stressmarkers.) So,for the ve outputs
abore we will getthefollowing:

Output of the InverseTwo-level Rule Transducer

(kar)kar+Noun+A3sg( n)+P2sg+Nom

(kar)kar+Noun+A3sg+Pnon( n)+Gen

(kar)kar+Verb+Pos(#p# n)+Imp+A2sg

(kar )kar +Noun+A3sg(n)+P2sg+Nom

(kar n)kar n+Noun+A3sg+Pnon+Nom
Now thatwe have the original surfaceform of the
word, the surfacemorphemegannow be mapped
to the representatiorof their pronunciationsby
the SAMRA MappingTransducer This transducer
employs a separatdexicon which mapsfrom the
root wordsand a subsetof their morphosyntactic
featuresinto a representatiomf their pronuncia-
tion in the SAMPA standardof phoneticencod-
ing. The root words explicitly encodechereare
thosewhosepronunciation(including stress)can
not be handledby a default mapping. All other
root wordsandall boundmorphemesrehandled
by agrapheméevel default mappinglexicon. The
mappingof therootsinvolvesa numberof issues:

1. Any Sezer/gceptionalstressn rootwordsare
generatedduring this mapping. For example



the monomorphemicoot word Avrupa (Eu-
rope)would mapto awr#S#upa (/aw-'ru-pa/)
which hasthe Sezerstreson thesecondsylla-
ble.

2. Homograptrootswith differentpronunciations
and/ordifferentstresdocationshave to behan-
dledby this transducerFor instancethe word
kar whenusedto meanprot would be pro-
nouncedas/car/ but whenusedto meansnow
(orwhenusedasaverb),would bepronounced
as/kar/.

3. Certainroot (such as compounds)which go
throughmorphographemichangesiuring af-
xation have to be listed here by explicitly
modeling ary pronunciationchangesif they
cannotbehandledby thedefault mapping.

Thusthe outputsabove now become:

Output of the SAMPA Mapping Transducer
Gloss

(car)kar+Noun+A3sg(1n)+P2sg+Nom
yourpro t

(kar)kar+Noun+A3sg(1n)+P2sg+Nom
your snawv

(car)kar+Noun+A3sg+Pnon(1n)+Gen
of thepro t

(kar)kar+Noun+A3sg+Pnon(1n)+Gen
of thesnaw

(kar)kar+Verb+Pos(#p#1n)+Imp+A2sg
mix (it)

(karl)kar +Noun+A3sg(n)+P2sg+Nom
your wife

(karln)kar n+Noun+A3sg+Pnon+Nom
belly

The concatenationf the sgmentswithin ( ...)
comprisethepreliminarySAMPA encodingof the
word's encoding. A numberof minor phenom-

enahaveto be x edin the SAMPA representation.

Theseare handledby the exceptionalphonology
transducelater

The Syllabi cation Transducer performs the
syllabi cation of the completeSAMPA encoding.
The syllabi cation essentiallyinvolves breaking
up (by insertinga - ) the consonantcluster be-
tweenary two vowels into the codaof the left
syllable and the onsetof the right syllable. The
implementatiorof this essentiallyconsistsof the
compositionof a seriesof nite statetransducers
implementingeplacerulesfor insertingthe sylla-
ble boundarymarker in theright placeamongthe
consonantdetweentwo vowels. The outputsof

the Syllabi cation Transducerfor the casedisted
earlierwould befollows.
Output of the Syllabi cation Transducer

(ca-r)kar+Noun+A3sg(1n)+P2sg+Nom
(ka-r)kar+Noun+A3sg(1n)+P2sg+Nom
(ca-rkar+Noun+A3sg+Pnon(1n)+Gen
(ka-r)kar+Noun+A3sg+Pnon(1n)+Gen
(ka-r)kar+Verb+Pos(+#p#1n)+Imp+A2sg
(ka-rl)kar +Noun+A3sg(n)+P2sg+Nom
(ka-rln)kar +Noun+A3sg+Pnon+Nom

The ExceptionalPhonolg@y Transducerhan-
dles a set of phenomendor certainexceptional
roots and morphemes. The most important of
theseis the handlingof the lexically long vowel
in selectedroots. For suchroots, the last vowel
in the root will be codedas a long vowel when
it is partof anopensyllableandasa shortvowel
whenit is partof aclosedsyllable. It turnsoutthat
kar (/car/)is oneof thoseroot words (but not kar
(/kar/)),andin theexamplesabore, therootis fol-
lowed by the surfacemorpheméln/whichforces
thelastvowel in therootto anopensyllable/ca-/.
So/alis lengthenedndfor thosewe get:!

(ca:r)kar+Noun+A3sg(1n)+P2sg+Nom

(ca:r)kar+Noun+A3sg+Pnon(1n)+Gen

A seconccommonphenomenohandledby this
transduceis the palatalizatiornof /5/ to /I/ andof
/k/ to/c/in certainsufx eswhenthey arefollowed
or precededy front vowels /e, i, y/.*? Sincethis
is notamorphographemiprocesstheunderlying
morphologicalanalyzeris obliviousto thisin ear
lier stages.

The output of this transducerhas the correct
SAMPA encodingexceptthat the stresslocation
is notyetdetermined.

The StressComputationTransducercomputes
the location of the primary stressby examining
ary Sezer/gceptionalstresanarkingsin theroots
andprestressingnarkersin the morphemes.The
stresds determinedn a seriesof steps:

1. All prestressingnarlers(#p#) interspersedh
the SAMPA representationthat have a pre-
stressingmarler or a Sezer/gceptionalstress
marker somavhereon their left, areremoved,

1sincethe original morphologicalanalyzerdid not make
vowel lengthdistinctions(asthey werenotneededvhile han-
dling the morphographemiprocess)the processhasto be
handledhereasa vowel length adjustment. The endresult
from a computationapoint of view doesnotchange.

1212/ (& in orthographyYoesnot appeain ary sufx es.



thatis, the left-most marler “wins.” For ex-
ample, the representatiorat this point of the
surfacewordtadagst ram yoduk (‘'we werenot

beingableto petrify (them)") would be
(taS)tas , +Noun+A3sg+Pnon+Nom

(-laS)"DB+Verb+Become

(-t1-r)’'DB+Verb+Caus

(a-#p#m)"DB+Verb+Able+Neg

(1-j#p#or)+Progl

(-#p#du)+Past

(K)+Alpl
where three morphemeshave prestressing
marlkers. This stepdeletesall suchprestress-
ing marker exceptthe rst one(in the surface

morpheméa-#p#m) ).

2. If there is a Sezer/gceptional root stress
marler left thenthatis alsothe locationof the
nal stressSofor examplethewordpenceede
(on the window) would have the output
(pen-dZ”e-re)pencere+Noun+A3sg+Pnon
(-de)+Loc 13

3. If thereis a prestressingnarker (which should
be the only marler left at this point), thenthe
vowel of the precedingsyllable receves the
stress. Thusthe word above in item 1 would
have the nal representatiomf its pronuncia-
tiontas-laS-t1-r "~ a-mil-jor-duk.

4. If thereareno stresgnarkersatthis point,then
the nal stressmarkis insertedjust beforethe
vowel of thelastsyllable(all exceptthesecond
from thelastin theexamplesbelow).

For representationgurposeshe nal stressnark
is then moved to the precedingsyllable bound-
ary. For the examplesthat we have beentracing
all along,the nal outputswill be:

Output of the StressComputation Transducer

(ca:-"r)kar+Noun+A3sg(1n)+P2sg+Nom
(ka-"r)kar+Noun+A3sg(1n)+P2sg+Nom
(ca:-"r)kar+Noun+A3sg+Pnon(1n)+Gen
(ka-"r)kar+Noun+A3sg+Pnon(1n)+Gen
("ka-r)kar+Verb+Pos(1n)+Imp+A2sg
(ka-"r1)kar +Noun+A3sg(n)+P2sg+Nom
(ka-"rin)kar n +Noun+A3sg+Pnon+Nom

The only exceptionsto theserulesareforms of
the questionclitic andthe emphasilitic. Both
clitics are boundmorphemes.But, the question
clitic along with ary following morphemesand

Monosyllabicrootswith Sezer/gceptionalstresshave a

differentbehaior. Any prestressingnorphemesvill override
theroot stressn suchwords.

theemphasiglitic arewritten asa separateoken,
thoughtheirinitial vowel will harmonizewith the
last vowel of the previous token. They aretech-
nically prestressingnorphemesut with therules
above they cannot male ary changeto the stress
of the previous token (which can either override
theclitics' stressor have aword nal stresswhich

would be the “previous syllable” that the clitic

morphemesvould stress). Thustheseclitics do
notthemselescarryary stresamarler.

4.2 Inter-word Interactions

Therearealsoa coupleof pronunciatiophenom-
enathat occurdueto variousinterword interac-
tionswithin a sentenceThesephenomenarenot
markedin orthography

1. If the last consonanf a word with at least
two syllablesis one of /p, tS, t/ andthe next
word startswith a vowel, the last consonant
is voicedandpronouncedas/b, dZ, d/ respec-
tively (exceptfor alimited setexceptionallex-
ical forms). For examplegarap iciyorum (I am
drinking wine) would actually be pronounced
as/Sarabl//itSijorum/. This is the analogueof
the consonantoicing procesghatis re ected
to orthographywhenit is ona stem-morpheme
boundarywithin aword.

2. If thetoken precedinganemphasiglitic de/da
endsin a voicelessconsonantthenthe initial
d is pronouncedas /t/. For example, kitap
dawould be pronouncedas/ci-tap/ /ta/, while
masadawould be pronounceds/masalda/.

Although thesephenomenaanalsobe imple-
mentedby nite statemeanson top of the word-
level pronunciationtransducerdescribedabove,
by extendingit so thatit canhandlea sequence
of tokens,thereare a numberof engineerings-
suesthat prevent doing this in a pure nite state
approach. Any unknavn word would make the
wholeprocessail evenif all theotherwordsin the
sequencareknown. We have decidedthusto im-
plementtheinterword interactiongy anon- nite
stateexternalprocess.

4.3 Someimplementation details

Thecompletesentence@ronunciatiormodelis im-
plementedusingthe XRCE nite statetools, xfst



lexc, andtwolc. Apartfrom variouslexiconsmak-
ing the morphologicalanalyzerthe completesys-
tem is describedby about 500 regular expres-
sions. Theresultingtransducehasabout6.5 mil-

lion statesandabout9 million transitions A com-
plete build will requireabout30 minuteson 1.7
GhzPentium4 runningWindows 2000.

The underlyingmorphologicalanalyzeris very
high coverageandimplementsall word formation
processesf Turkish. It hasa nounrootlexicon of
about25K entriesaverbrootlexicon of about5K
entriesand a propernoun lexicon of about40K
entries. The currentversionof the pronunciation
lexicondoesnotattempto vocalizevarioustokens
suchasabbreiationsandtokenscontainingnon-
alphabeticatharactersuchasdigits and punctu-
ation.

5 Conclusions

We have presentedhe designandimplementation
of a nite statepronunciatiorlexicon for Turkish
and agglutinatinglanguagewith an in nite lexi-
con. The lexicon producesa representationhat
encodesn parallel,the SAMPA representatioof
the all possiblepronunciationf the word along

with the correspondingmorphologicalanalyses.

The correctcomputatiorof the pronunciatiorand
the location of the stressrequiresa full morpho-
logical analysisbe doneso the pronunciatiorhas
beenbuilt ontop of atwo-level morphologicaln-
alyzer The systemhasbeenimplementedusing
theXRCE nite statetools.
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