
WIT : A Toolkit for Building Robust and Real-Time Spoken Dialogue
Systems

Mikio Nakano
�
, Noboru Miyazaki, Norihito Yasuda,Akira Sugiyama,

Jun-ichi Hirasawa, Kohji Dohsaka,Kiy oaki Aikawa
NTT Corporation

3-1 Morinosato-Wakamiya
Atsugi,Kanagawa243-0198,Japan
E-mail: nakano@atom.brl.ntt.co.jp

Abstract

This paper describesWIT, a toolkit
for building spoken dialoguesystems.
WIT features an incremental under-
standingmechanismthat enablesro-
bust utteranceunderstandingand real-
time responses.WIT’s ability to com-
pile domain-dependentsystemspecifi-
cationsinto internalknowledgesources
makes building spoken dialogue sys-
tems much easier than it is from
scratch.

1 Intr oduction

Therecentgreatadvancesin speechandlanguage
technologieshave madeit possibleto build fully
implementedspoken dialoguesystems(Aust et
al., 1995; Allen et al., 1996; Zue et al., 2000;
Walker et al., 2000). One of the next research
goalsis to make thesesystemstask-portable,that
is, to simplify the processof porting to another
taskdomain.

To this end,several toolkits for building spo-
kendialoguesystemshave beendeveloped(Bar-
nett and Singh, 1997; Sasajimaet al., 1999).
One is the CSLU Toolkit (Suttonet al., 1998),
which enablesrapid prototypingof a spoken di-
aloguesystemthat incorporatesa finite-statedia-
loguemodel. It decreasesthe amountof the ef-
fort requiredin building a spoken dialoguesys-
tem in a user-definedtaskdomain. However, it
limits systemfunctions;it is not easyto employ
theadvancedlanguageprocessingtechniquesde-
velopedin the realm of computationallinguis-
tics. Anotheris GALAXY-II (Seneff etal.,1998),
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which enablesmodulesin a dialoguesystemto
communicatewith eachother. It consistsof the
hubandseveralservers,suchasthespeechrecog-
nition server andthenaturallanguageserver, and
the hub communicateswith theseservers. Al-
thoughit requiresmorespecificationsthanfinite-
state-model-basedtoolkits, it placeslesslimita-
tionsonsystemfunctions.

Our objective is to build robust and real-time
spoken dialogue systemsin different task do-
mains.By robustwe meanutteranceunderstand-
ing is robust enoughto capturenot only utter-
ancesincludinggrammaticalerrorsor self-repairs
but alsoutterancesthatarenot clearlysegmented
into sentencesby pauses.Real time meansthe
systemcanrespondto theuserin real time. The
reasonwe focuson thesefeaturesis that they are
crucial to the usability of spoken dialoguesys-
tems as well as to the accuracy of understand-
ing andappropriatenessof thecontentof thesys-
tem utterance.Robust understandingallows the
user to speakto the systemin an unrestricted
way. Respondingin real time is importantbe-
causeif a systemresponseis delayed,the user
might think thathis/herutterancewasnot recog-
nizedby thesystemandmake anotherutterance,
makingthe dialoguedisorderly. Systemshaving
thesefeaturesshouldhave several modulesthat
work in parallel, and eachmoduleneedssome
domain-dependentknowledge sources. Creat-
ing andmaintainingtheseknowledgesourcesre-
quire mucheffort, thusa toolkit would be help-
ful. Previoustoolkits,however, donotallow usto
achieve thesefeatures,or do not provide mecha-
nismsthat achieve thesefeatureswithout requir-
ing excessive efforts by thedevelopers.

This paperpresentsWIT1, which is a toolkit

1WIT is anacronym of WorkablespokendialogueInter-



for building spoken dialoguesystemsthat inte-
gratespeechrecognition,languageunderstanding
andgeneration,andspeechoutput.WIT features
anincrementalunderstandingmethod(Nakanoet
al.,1999b)thatmakesit possibleto build arobust
andreal-timesystem.In addition,WIT compiles
domain-dependentsystemspecificationsinto in-
ternalknowledgesourcessothatbuilding systems
is easier. Although WIT requiresmoredomain-
dependentspecificationsthanfinite-state-model-
basedtoolkits, WIT-basedsystemsare capable
of taking full advantageof languageprocessing
technology. WIT hasbeenimplementedandused
to build severalspokendialoguesystems.

In whatfollows, we overview WIT, explain its
architecture,domain-dependentsystemspecifica-
tions, and implementation,and then discussits
advantagesandproblems.

2 Overview

A WIT-basedspoken dialoguesystemhas four
main modules: the speech recognition module,
the language understanding module, the lan-
guage generation module, and the speech out-
put module. These modules exploit domain-
dependentknowledge sources,which are auto-
matically generatedfrom the domain-dependent
systemspecifications. The relationshipamong
the modules,knowledgesources,and specifica-
tionsaredepictedin Figure1.

WIT canalsodisplayandmove a human-face-
like animatedagent,which is controlledby the
speechoutputmodule,althoughthis paperdoes
notgointo detailsbecauseit focusesonly onspo-
kendialogue.Wealsoomit theGUI facilitiespro-
videdby WIT.

3 Ar chitecture of WIT -BasedSpoken
DialogueSystems

Herewe explain how the modulesin WIT work
by exploiting domain-dependentknowledgeand
how they interactwith eachother.

3.1 SpeechRecognition

The speechrecognitionmodule is a phoneme-
HMM-based speaker-independent continuous
speech recognizer that incrementally outputs

faceToolkit.

word hypotheses. As the recognition engine,
either VoiceRex, developed by NTT (Noda et
al., 1998),or HTK from EntropicResearchcan
be used. Acoustic models for HTK is trained
with the continuous speech databaseof the
Acoustical Society of Japan(Kobayashiet al.,
1992). This recognizerincrementallyoutputs
word hypothesesassoonasthey arefoundin the
best-scoredpathin theforwardsearch(Hirasawa
et al., 1998) using the ISTAR (Incremental
Structure Transmitter And Receiver) protocol,
whichconveys wordgraphinformationaswell as
wordhypotheses.This incrementaloutputallows
the languageunderstandingmodule to process
recognition results before the speechinterval
ends,and thus real-timeresponsesare possible.
This module continuously runs and outputs
recognition results when it detects a speech
interval. This enablesthe languagegeneration
moduleto reactimmediatelyto userinterruptions
while thesystemis speaking.

The languagemodel for speechrecognition
is a network (regular) grammar, and it allows
eachspeechinterval to be an arbitrary number
of phrases. A phraseis a sequenceof words,
which is to be defined in a domain-dependent
way. Sentencescanbe decomposedinto a cou-
ple of phrases. The reasonwe use a repeti-
tion of phrasesinsteadof a sentencegrammar
for the languagemodelis that the speechrecog-
nition moduleof a robust spoken dialoguesys-
tem sometimeshas to recognizespontaneously
spokenutterances,which includeself-repairsand
repetition. In Japanese,bunsetsuis appropriate
for definingphrases.A bunsetsuconsistsof one
contentword and a number (possibly zero) of
functionwords. In themeetingroomreservation
systemwe have developed,examplesof defined
phrasesarebunsetsuto specifytheroomto bere-
served and the time of the reservation andbun-
setsuto expressaffirmationandnegation.

When the speechrecognitionmodulefinds a
phraseboundary, it sendsthe category of the
phraseto the languageunderstandingmodule,
and this information is usedin the parsingpro-
cess.

It is possibleto hold multiple languagemod-
els and use any one of them when recogniz-
ing a speechinterval. The languagemodelsare
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Figure1: Architectureof WIT

switchedaccordingto the requestsfrom the lan-
guageunderstandingmodule. In this way, the
speechrecognitionsuccessrate is increasedby
usingthecontext of thedialogue.

Although thecurrentversionof WIT doesnot
exploit probabilisticlanguagemodels,suchmod-
elscanbeincorporatedwithout changingtheba-
sic WIT architecture.

3.2 LanguageUnderstanding

The language understandingmodule receives
word hypothesesfrom the speechrecognition
module and incrementallyunderstandsthe se-
quenceof the word hypothesesto updatethe di-
alogue state, in which the result of understand-
ing and discourseinformation are represented
by a frame(i.e., attribute-value pairs). The un-
derstandingmodule utilizes ISSS (Incremental
Significant-utteranceSequenceSearch)(Nakano
et al., 1999b),which is anintegratedparsingand
discourseprocessingmethod. ISSSenablesthe
incrementalunderstandingof userutterancesthat
are not segmentedinto sentencesprior to pars-

ing by incrementallyfinding the most plausible
sequenceof sentences(or significantutterances
in the ISSSterms)out of the possiblesentence
sequencesfor the input word sequence. ISSS
alsomakesit possiblefor thelanguagegeneration
moduleto respondin realtimebecauseit canout-
put a partial resultof understandingat any point
in time.

Thedomain-dependentknowledgeusedin this
module consistsof a unification-basedlexicon
and phrasestructurerules. Disjunctive feature
descriptionsarealsopossible;WIT incorporates
an efficient method for handling disjunctions
(Nakano,1991). Whena phraseboundaryis de-
tected,the featurestructurefor a phraseis com-
putedusingsomebuilt-in rules from the feature
structurerules for the words in the phrase.The
phrasestructurerulesspecifywhatkind of phrase
sequencescan be consideredas sentences,and
they also enablecomputingthe semanticrepre-
sentationfor foundsentences.Two kindsof sen-
tencescan be considered;domain-relatedones
that expressthe user’s intentionaboutthe reser-



vationanddialogue-relatedonesthatexpressthe
user’s attitudewith respectto theprogressof the
dialogue,suchasconfirmationanddenial. Con-
sideringthemeetingroomreservationsystem,ex-
amplesof domain-relatedsentencesare“I needto
book Room 2 on Wednesday”,“I needto book
Room 2”, and “Room 2” and dialogue-related
onesare“yes”, “no”, and“Okay”.

The semanticrepresentationfor a sentenceis
a commandfor updatingthedialoguestate.The
dialoguestateis representedby a list of attribute-
valuepairs. For example,attributesusedin the
meetingroom reservation systeminclude task-
relatedattributes, such as the date and time of
thereservation,aswell asattributesthatrepresent
discourse-relatedinformation,suchasconfirma-
tion andgrounding.

3.3 LanguageGeneration

How the language generation module works
variesdependingon whetherthe useror system
hasthe initiative of turn taking in the dialogue2.
Preciselyspeaking,theparticipanthaving theini-
tiative is theonethesystemassumeshasit in the
dialogue.

Thedomain-dependentknowledgeusedby the
languagegenerationmoduleis generation proce-
dures, which consistof a set of dialogue-phase
definitions. For eachdialoguephase,an initial
function, an action function, a time-outfunction,
anda language modelareassigned.In addition,
phasedefinitionsdesignatewhetherthe useror
the systemhas the initiative. In the phasesin
which the systemhasthe initiative, only the ini-
tial functionandthelanguagemodelareassigned.
Themeetingroomreservationsystem,for exam-
ple, has three phases: the phasein which the
usertells thesystemhis/herrequest,thephasein
which the systemconfirmsit, and the phasein
which the systemtells the userthe resultof the
databaseaccess.In thefirst two phases,theuser
holdstheinitiative, andin thelastphase,thesys-
temholdstheinitiative.

Functions defined here decide what string
should be spoken and send that string to the
speechoutput module basedon the current di-
aloguestate. They can also shift the dialogue

2Thenotionof theinitiativein thispaperisdifferentfrom
thatof thedialogueinitiativeof Chu-Carroll(2000).

phaseand changethe holder of the initiative as
well aschangethedialoguestate.Whenthedia-
loguephaseshifts,thelanguagemodelfor speech
recognitionis changedto getbetterspeechrecog-
nition performance.Typically, thelanguagegen-
erationmoduleis responsiblefor databaseaccess.

Thelanguagegenerationmoduleworksasfol-
lows. It first checkswhich dialogueparticipant
hasthe initiative. If the initiative is held by the
user, it waitsuntil theuser’s speechinterval ends
or a durationof silenceafter theendof a system
utteranceis detected.The actionfunction in the
dialoguephaseat thatpoint in time is executedin
theformercase;thetime-outfunctionis executed
in the lattercase.Thenit goesbackto the initial
stage.If thesystemholdstheinitiative, themod-
ule executesthe initial function of the phase.In
typical question-answersystems,theuserhasthe
initiative when askingquestionsand the system
hasit whenanswering.

Sincethelanguagegenerationmoduleworksin
parallelwith thelanguageunderstandingmodule,
utterancegenerationis possibleeven while the
systemis listeningto userutterancesandthatut-
teranceunderstandingis possibleevenwhile it is
speaking(Nakanoetal., 1999a).Thusthesystem
canrespondimmediatelyafteruserpauseswhen
theuserhastheinitiative. Whenthesystemholds
the initiative, it can immediatelyreactto an in-
terruptionby theuserbecauseuserutterancesare
understoodin an incrementalway (Dohsakaand
Shimazu,1997).

The time-out function is effective in moving
the dialogue forward when the dialogue gets
stuckfor somereason.For example,the system
maybeableto repeatthesamequestionwith an-
otherexpressionandmayalsobeableto askthe
useramorespecificquestion.

3.4 SpeechOutput

The speechoutput moduleproducesspeechac-
cordingto the requestsfrom the languagegener-
ation moduleby using the correspondencetable
betweenstringsandpre-recordedspeechdata. It
alsonotifiesthelanguagegenerationmodulethat
speechoutput hasfinishedso that the language
generationmodulecantake into accountthetim-
ing of theendof systemutterance.Themeeting
roomreservationsystemusesspeechfilesof short



phrases.�

4 Building Spoken DialogueSystems
with WIT

4.1 Domain-DependentSystem
Specifications

Spoken dialoguesystemscanbe built with WIT
by preparingseveraldomain-dependentspecifica-
tions.Below weexplain thespecifications.

Feature Definitions: Featuredefinitionsspec-
ify thesetof featuresusedin thegrammarfor lan-
guageunderstanding.They alsospecifywhether
eachfeatureis a headfeature or a foot feature
(PollardandSag,1994).This informationis used
whenconstructingfeaturestructuresfor phrases
in a built-in process.

Thefollowing is anexampleof afeaturedefini-
tion. Hereweuseexamplesfrom thespecification
of themeetingroomreservationsystem.

(case head)

It meansthatthecasefeatureis usedandit is a
headfeature3.

Lexical Descriptions: Lexical descriptions
specify both pronunciationsand grammatical
featuresfor words. Below is an examplelexical
itemfor theword1-gatsu(January).

(1-gatsu ichigatsu month nil 1)

Thefirst threeelementsaretheidentifier, thepro-
nunciation,andthe grammaticalcategory of the
word. The remainingtwo elementsare the case
andsemanticfeaturevalues.

PhraseDefinitions: Phrasedefinitionsspecify
what kind of word sequencecan be recognized
as a phrase. Eachdefinition is a pair compris-
ing a phrase category nameand a network of
word categories. In theexamplebelow, month-
phrase is thephrasecategory nameandthere-
maining part is the network of word categories.
opt meansan option andor meansa disjunc-
tion. For instance,a word sequencethat con-
sistsof aword in themonth category, suchas1-
gatsu(January),andawordin theadmoninal-
particle category, such as no (of), forms a
phrasein themonth-phrase category.

3In thissection,weuseexamplesof differentdescription
from theactualonesfor simplicity. Actualspecificationsare
written in partin Japanese.

(month-phrase
(month
(opt
(or
expression-following-subject
(admoninal-particle
(opt
sentence-final-particle))))))

Network Definitions: Network definitions
specifywhat kind of phrasescanbe includedin
eachlanguagemodel. Eachdefinition is a pair
comprisinga network nameanda set of phrase
category names.

Semantic-FrameSpecifications: Theresultof
understandinganddialoguehistorycanbestored
in the dialogue state, which is representedby a
flat frame structure,i.e., a set of attribute-value
pairs. Semantic-framespecificationsdefine the
attributesusedin the frame. The meetingroom
reservation system uses task-relatedattributes.
Two are start and end, which representthe
user’s intentionaboutthe startandendtimesof
the reservation for somemeetingroom. It also
has attributes that representdiscourseinforma-
tion. Oneis confirmed, whosevalueindicates
whetherif thesystemhasalreadymadeanutter-
anceto confirmthecontentof thetask-relatedat-
tributes.

Rule Definitions: Eachrule hasoneof thefol-
lowing two forms.

( � rulename�
� child featurestructure�

... � child featurestructure�
=> � motherfeaturestructure�

� priority increase� )
( � rulename�

� child featurestructure�
... � child featurestructure�

=> � frameoperationcommand�
� priority increase� )

Theserulesaresimilar to DCG(PereiraandWar-
ren, 1980) rules; they can include logical vari-
ables and thesevariablescan be bound when
theserulesareapplied.It is possibleto addto the
rules constraintsthat stipulaterelationshipsthat
musthold amongvariables(Nakano,1991),but
wedonotexplaintheseconstraintsin detailin this



paper� . The priorities are usedfor disambiguat-
ing interpretationin the incrementalunderstand-
ing method(Nakanoetal., 1999b).

Whenthe commandon the right-handsideof
thearrow is a frameoperationcommand,phrases
to which this rule canbe appliedcanbe consid-
ereda sentence,andthesentence’s semanticrep-
resentationis thecommandfor updatingthedia-
loguestate. The commandis oneof the follow-
ing:

� A commandto set the valueof an attribute
of theframe,

� A commandto increasethepriority,

� Conditional commands(If-then-else type
command,the conditionbeingwhetherthe
valueof anattributeof theframeis or is not
equalto a specifiedvalue,or a conjunction
or disjunctionof theabove condition),or

� A list of commandsto be sequentiallyexe-
cuted.

Thanksto conditionalcommands,it is possible
to representthe semanticsof sentencescontext-
dependently.

Thefollowing rule is anexample.

(start-end-times-command
(time-phrase :from *start)
(time-phrase (:or :to nil) *end)
=> (command (set :start *start)

(set :end *end)))

The nameof this rule is start-end-times-
command. The second and third elements
are child featurestructures. In theseelements,
time-phrase is aphrasecategory, :from and
(:or :to nil) are casefeaturevalues,and
*start and *end are semanticfeature val-
ues. Here :or meansa disjunction,and sym-
bols startingwith an asteriskarevariables. The
right-handsideof thearrow is a commandto up-
datethe frame. Thesecondelementof thecom-
mand,(set :start *start), changesthe
:start attribute value of the frame to the in-
stanceof *start, which shouldbeboundwhen
applyingthis rule to thechild featurestructures.

PhaseDefinitions: Eachphasedefinition con-
sistsof a phasename, a networkname, an ini-
tiativeholderspecification, an initial function, an
actionfunction, amaximumsilenceduration, and
a time-out function. The network nameis the
identifier of the languagemodel for the speech
recognition.Themaximumsilencedurationspec-
ifieshow long thegenerationmoduleshouldwait
until thetime-outfunctionis invoked.

Below is an example of a phasedefinition.
The first elementrequest is the nameof this
phase,"fmr_request" is the name of the
network, andmove-to-request-phase and
request-phase-action are the namesof
the initial and action functions. In this phase,
themaximumsilencedurationis tensecondsand
thenameof the time-outfunction is request-
phase-timeout.

(request "fmr_request"
move-to-request-phase
request-phase-action
10.0
request-phase-timeout)

For the definitionsof thesefunctions,WIT pro-
vides functionsfor accessingthe dialoguestate,
sendinga requestto speakto the speechout-
put module,generatingstringsto be spoken us-
ing surfacegenerationtemplates,shifting thedi-
aloguephase,taking andreleasingthe initiative,
andso on. Functionsaredefinedin termsof the
CommonLisp program.

Surface-generation Templates: Surface-
generationtemplatesare used by the surface
generation library function, which converts
a list-structured semantic representationto a
sequenceof strings. Eachstring canbe spoken,
i.e., it is in thelist of pre-recordedspeechfiles.

For example, let us considerthe conversion
of thesemanticrepresentation(date (date-
expression 3 15)) to stringsusingthefol-
lowing template.

((date
(date-expression *month *day))
((*month gatsu) (*day nichi)))

The surfacegenerationlibrary function matches
theinputsemanticrepresentationwith thefirst el-
ementof the templateandchecksif a sequences



of strings appearin the speechfile list. It re-
turns (’’3gatsu15nichi’’) (March 15th)
if the string “3gatsu15nichi” is in the list of
pre-recordedspeechfiles, andotherwise,returns
(’’3gatsu’’ ’’15nichi’’) when these
stringsarein thelist.

List of Pre-recordedSpeechFiles: Thelist of
pre-recordedspeechfiles shouldshow thecorre-
spondencebetweenstringsandspeechfiles to be
playedby thespeechoutputmodule.

4.2 Compiling SystemSpecifications

Fromthespecificationsexplainedabove,domain-
dependentknowledgesourcesarecreatedasindi-
catedby thedashedarrowsin Figure1. Whencre-
atingtheknowledgesources,WIT checksfor sev-
eralkindsof consistency. For example,thesetof
word categoriesappearingin the lexicon andthe
set of word categoriesappearingin phrasedefi-
nitionsarecompared.This makesit easyto find
errorsin thedomainspecifications.

5 Implementation

WIT hasbeenimplementedin CommonLisp and
C on UNIX, and we have built several experi-
mentalanddemonstrationdialoguesystemsusing
it, including a meetingroom reservation system
(Nakanoet al., 1999b), a video-recordingpro-
grammingsystem,a schedulemanagementsys-
tem (Nakanoet al., 1999a),and a weatherin-
formation system(Dohsakaet al., 2000). The
meetingroomreservation systemhasvocabulary
of about140 words, around40 phrasestructure
rules,nine attributesin the semanticframe,and
around100 speechfiles. A sampledialoguebe-
tween this systemand a naive user is shown
in Figure 2. This systememploys HTK as the
speechrecognitionengine.Theweatherinforma-
tion systemcananswertheuser’squestionsabout
weatherforecastsin Japan.The vocabulary size
is around500,andthenumberof phrasestructure
rules is 31. The numberof attributes in the se-
manticframeis 11,andthenumberof thefilesof
thepre-recordedspeechis about13,000.

6 Discussion

As explainedabove, the architectureof WIT al-
lows us to develop a systemthat can useutter-

ancesthat are not clearly segmentedinto sen-
tencesby pausesandrespondin realtime. Below
we discussotheradvantagesandremainingprob-
lems.

6.1 Descriptive Power

Whereasprevious finite-state-model-basedtool-
kits placemany severerestrictionsondomainde-
scriptions,WIT hasenoughdescriptive power to
build avarietyof dialoguesystems.Althoughthe
dialoguestateis representedby asimpleattribute-
valuematrix, sincethereis no limitation on the
numberof attributes, it can hold more compli-
catedinformation. For example,it is possibleto
representa discoursestackwhosedepthis lim-
ited. Recordingsomedialoguehistory is also
possible.Sincethelanguageunderstandingmod-
ule utilizes unification, a wide variety of lin-
guistic phenomenacan be covered. For exam-
ple, speechrepairs,particleomission,andfillers
can be dealt with in the framework of unifica-
tion grammar(Nakanoet al., 1994;Nakanoand
Shimazu,1999). The languagegenerationmod-
ule featuresCommonLisp functions,so thereis
no limitation on the description. Someof the
systemswe have developedfeaturea generation
methodbasedon hierarchicalplanning(Dohsaka
andShimazu,1997). It is alsopossibleto build a
simple finite-state-model-based dialoguesystem
usingWIT. Statescanberepresentedby dialogue
phasesin WIT.

6.2 Consistency

In an agglutinative languagesuch as Japanese,
thereis noestablisheddefinitionof words,sodia-
loguesystemdevelopersmustdefinewords.This
sometimescausesa problem in that the defini-
tion of word, that is, theword boundaries,in the
speechrecognitionmodulearedifferentfrom that
in the languageunderstandingmodule. In WIT,
however, since the commonlexicon is usedin
boththespeechrecognitionmoduleandlanguage
understandingmodule, the consistency between
themis maintained.

6.3 Avoiding Inf ormation Loss

In ordinaryspoken languagesystems,thespeech
recognition module sendsjust a word hypoth-
esis to the languageprocessingmodule, which



speaker start end utterance
time (s) time (s)

system: 614.53 615.93 donoŷonagoŷokendesĥo ka (how mayI helpyou?)
user: 616.38 618.29 kaigishitsuo yoyakushitai ndesuga (I’d like to make a reserva-

tion for ameetingroom)
system: 619.97 620.13 hai (uh-huh)
user: 622.65 624.08 san-gatsujûni-nichi (onMarch12th)
system: 625.68 625.91 hai (uh-huh)
user: 626.65 627.78 jûyo-ji kara (from 14:00)
system: 629.25 629.55 hai (uh-huh)
user: 629.91 631.67 jûshichi-ji sanjup-punmade(to 17:30)
system: 633.29 633.57 hai (uh-huh)
user: 634.95 636.00 dai-kaigishitsu(thelargemeetingroom)
system: 637.50 645.43 san-gatsujûni-nichi, jûyo-ji kara, jûshichi-ji sanjup-punmade,

dai-kaigishitsutoyû koto de yorosĥi desĥoka (on March 12th,
from 14:00to 17:30,thelargemeetingroom,is thatright?)

user: 645.74 646.04 hai (yes)
system: 647.05 648.20 kashikomarimashit̂a (all right)

Figure2: An exampledialogueof anexamplesystem

mustdisambiguatewordmeaningandfind phrase
boundariesby parsing. In contrast,the speech
recognitionmodulein WIT sendsnotonly words
but alsoword categories,phraseboundaries,and
phrasecategories. This leadsto lessexpensive
andbetterlanguageunderstanding.

6.4 Problemsand Limitations

Several problemsremainwith WIT. One of the
mostsignificantis thatthesystemdevelopermust
write languagegenerationfunctions. If the gen-
erationfunctionsemploy sophisticateddialogue
strategies, the systemcan perform complicated
dialoguesthat are not just questionanswering.
WIT, however, doesnotprovidetask-independent
facilities that make it easierto employ suchdia-
loguestrategies.

Therehave beenseveral efforts aimedat de-
velopinga domain-independentmethodfor gen-
eratingresponsesfrom a framerepresentationof
userrequests(Bobrow et al., 1977;Chu-Carroll,
1999). Incorporatingsuchtechniqueswould de-
creasethesystemdeveloperworkload.However,
therehasbeenno work on domain-independent
responsegenerationfor robust spoken dialogue
systemsthat candealwith utterancesthat might
includepausesin themiddleof asentence,which
WIT handleswell. Thereforeincorporatingthose

techniquesremainsasa futurework.
Anotherlimitation is thatWIT cannotdealwith

multiple speechrecognitioncandidatessuch as
thosein an N-best list. ExtendingWIT to deal
with multiple recognitionresultswould improve
theperformanceof thewholesystem.The ISSS
preferencemechanismis expectedto play a role
in choosingthebestrecognitionresult.

7 Conclusion

This paperdescribedWIT, a toolkit for build-
ing spoken dialoguesystems. Although it re-
quiresmore systemspecificationsthan previous
finite-state-model-basedtoolkits, it enablesone
to easily constructreal-time,robust spoken dia-
loguesystemsthatincorporatesadvancedcompu-
tationallinguisticstechnologies.
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