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Abstract

This paper describesWIT, a toolkit

for building spolen dialoguesystems.
WIT featuresan incremental under

standing mechanismthat enablesro-

bust utteranceunderstandingnd real-

time responsesWIT's ability to com-

pile domain-dependergystemspecifi-
cationsinto internalknowledgesources
makes building spolen dialogue sys-
tems much easier than it is from

scratch.

1 Intr oduction

Therecenigreatadvancesn speeclandlanguage
technologieshave madeit possibleto build fully
implementedspolen dialogue systems(Aust et
al., 1995; Allen et al., 1996; Zue et al., 2000;
Walker et al., 2000). One of the next research
goalsis to malke thesesystemgask-portablethat
is, to simplify the processof porting to another
taskdomain.

To this end, several toolkits for building spo-
ken dialoguesystemshave beendeveloped(Bar
nett and Singh, 1997; Sasajimaet al., 1999).
Oneis the CSLU Toolkit (Suttonet al., 1998),
which enablesrapid prototypingof a spolen di-
aloguesystemthatincorporates finite-statedia-
logue model. It decreasethe amountof the ef-
fort requiredin building a spolen dialoguesys-
temin a userdefinedtask domain. However, it
limits systemfunctions;it is not easyto emplo
theadwancedanguageprocessindechniquesie-
velopedin the realm of computationallinguis-
tics. Anotheris GALAXY -1l (Senef etal.,1998),
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which enablesmodulesin a dialoguesystemto
communicatewith eachother It consistsof the
hubandseveralseners,suchasthespeechecog-
nition sener andthe naturallanguagesener, and
the hub communicatesvith theseseners. Al-
thoughit requiresmorespecificationghanfinite-
state-model-basetbolkits, it placeslesslimita-
tionson systenmfunctions.

Our objectve is to build robust andreal-time
spolen dialogue systemsin different task do-
mains. By robustwe meanutteranceunderstand-
ing is robust enoughto capturenot only utter
ancesncludinggrammaticakrrorsor self-repairs
but alsoutteranceshatarenot clearly sgmented
into sentencedy pauses. Real time meansthe
systemcanrespondo the userin realtime. The
reasorwe focuson thesefeatureds thatthey are
crucial to the usability of spolen dialoguesys-
temsaswell asto the accurag of understand-
ing andappropriatenessf the contentof the sys-
tem utterance. Rolust understanding@llows the
userto speakto the systemin an unrestricted
way. Respondingn real time is importantbe-
causeif a systemresponsds delayed,the user
might think that his/herutterancewvasnot recog-
nizedby the systemandmale anotherutterance,
makingthe dialoguedisorderly Systemshaving
thesefeaturesshould have sereral modulesthat
work in parallel, and eachmodule needssome
domain-dependenknownledge sources. Creat-
ing andmaintainingtheseknowledgesourcege-
quire much effort, thus a toolkit would be help-
ful. Previoustoolkits, however, donotallow usto
achieve thesefeaturesor do not provide mecha-
nismsthat achieve thesefeatureswithout requir
ing excessie efforts by thedevelopers.

This paperpresentsWIT?, which is a toolkit

IWIT is anacrorym of Workablespolendialoguelnter-



for building spolen dialogue systemsthat inte-
gratespeechrecognition Janguagainderstanding
andgenerationandspeechoutput. WIT features
anincrementalinderstandingnethod(Nakanoet
al., 1999b)thatmalesit possibleto build arobust
andreal-timesystem.In addition,WIT compiles
domain-dependergystemspecificationgnto in-
ternalknowledgesourcesothatbuilding systems
is easier AlthoughWIT requiresmore domain-
dependenspecificationghan finite-state-model-
basedtoolkits, WIT-basedsystemsare capable
of taking full advantageof languageprocessing
technology WIT hasbeenimplementedandused
to build severalspolendialoguesystems.

In whatfollows, we overview WIT, explain its
architecturedomain-dependeslystenspecifica-
tions, and implementation,and then discussits
adwantagesandproblems.

2 Overview

A WIT-basedspolen dialoguesystemhas four
main modules: the speeb recaynition module
the languaye undestanding module the lan-
guage genemation module and the speeb out-
put module These modules exploit domain-
dependenknowledge sources,which are auto-
matically generatedrom the domain-dependent
systemspecifications. The relationshipamong
the modules,knowledge sources,and specifica-
tionsaredepictedn Figurel.

WIT canalsodisplayandmaove a human-ace-
like animatedagent,which is controlled by the
speechoutput module, althoughthis paperdoes
notgointo detailsbecausdt focusenly onspo-
kendialogue.We alsoomitthe GUI facilitiespro-
videdby WIT.

3 Architecture of WIT -BasedSpoken
Dialogue Systems

Herewe explain how the modulesin WIT work
by exploiting domain-dependerknowledge and
how they interactwith eachother

3.1 SpeechRecognition

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

faceToolkit.

word hypotheses. As the recognition engine,
either VoiceR«, developedby NTT (Noda et

al., 1998),or HTK from Entropic Researcttan
be used. Acoustic modelsfor HTK is trained
with the continuous speech databaseof the
Acoustical Society of Japan(Kobayashiet al.,

1992). This recognizerincrementally outputs
word hypothesegassoonasthey arefoundin the
best-scoreghathin the forward search(Hirasava

et al.,, 1998) using the ISTAR (Incremental
Structure Transmitter And Recever) protocol,
which conveys word graphinformationaswell as
word hypothesesThis incrementabutputallows

the languageunderstandingmodule to process
recognition results before the speechintenal

ends,and thus real-timeresponsesre possible.
This module continuously runs and outputs
recognition results when it detectsa speech
intenal. This enablesthe languagegeneration
moduleto reactimmediatelyto userinterruptions
while the systemis speaking.

The languagemodel for speechrecognition
is a network (regular) grammay and it allows
eachspeechinterval to be an arbitrary number
of phrases A phraseis a sequenceof words,
which is to be definedin a domain-dependent
way. Sentenceganbe decomposednto a cou-
ple of phrases. The reasonwe use a repeti-
tion of phrasesinsteadof a sentencegrammar
for the languagemodelis that the speechrecog-
nition module of a robust spolen dialoguesys-
tem sometimeshasto recognizespontaneously
spolenutteranceswhichincludeself-repairsand
repetition. In Japanesebunsetsuis appropriate
for definingphrases.A bunsetsuconsistsof one
contentword and a number (possibly zero) of
functionwords. In the meetingroom reseration
systemwe have developed,examplesof defined
phrasesrebunsetsuo specifytheroomto bere-
sened andthe time of the reseration and bun-
setsuto expressaffirmationandnegation.

When the speechrecognitionmodulefinds a
phraseboundary it sendsthe catayory of the
phraseto the languageunderstandingnodule,
and this informationis usedin the parsingpro-
cess.

It is possibleto hold multiple languagemod-
els and use ary one of them when recogniz-
ing a speechintenal. The languagemodelsare
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Figurel: Architectureof WIT

switchedaccordingto the requestdrom the lan-
guageunderstandingnodule. In this way, the
speechrecognitionsuccesgate is increasedby
usingthe context of thedialogue.

Althoughthe currentversionof WIT doesnot
exploit probabilisticlanguagemodels suchmod-
els canbeincorporatedvithout changingthe ba-
sic WIT architecture.

3.2 LanguageUnderstanding

The language understandingmodule receves
word hypothesesfrom the speechrecognition
module and incrementally understandghe se-
guenceof the word hypotheses$o updatethe di-
alogue state in which the result of understand-
ing and discourseinformation are represented
by a frame (i.e., attribute-\alue pairs). The un-
derstandingmodule utilizes ISSS (Incremental
Significant-utteranc&equenceearch)(Nakano
etal., 1999b),which is anintegratedparsingand
discourseprocessingnethod. ISSSenablesthe
incrementalinderstandingf userutteranceshat
are not sggmentedinto sentencegprior to pars-

ing by incrementallyfinding the most plausible
sequencef sentencegor significantutterances
in the ISSSterms) out of the possiblesentence
sequencedor the input word sequence. ISSS
alsomalesit possiblefor thelanguagegeneration
moduleto respondn realtime becausdé canout-
put a partial resultof understandingt ary point
in time.
Thedomain-dependerkinowledgeusedin this
module consistsof a unification-basedexicon
and phrasestructurerules. Disjunctive feature
descriptionsare also possible;WIT incorporates
an efficient method for handling disjunctions
(Nakano,1991). Whena phraseboundaryis de-
tected,the featurestructurefor a phraseis com-
putedusing somehbuilt-in rulesfrom the feature
structurerulesfor the wordsin the phrase. The
phrasestructurerulesspecifywhatkind of phrase
sequencesan be consideredas sentencesand
they also enablecomputingthe semanticrepre-
sentatiorfor found sentencesTwo kinds of sen-
tencescan be considered;domain-relatedones
that expressthe users intention aboutthe reser



vation anddialogue-relatednesthat expressthe
users attitudewith respecto the progressof the
dialogue,suchasconfirmationanddenial. Con-
sideringthemeetingroomreserationsystemgex-
amplesof domain-relategentenceare”l needto
book Room 2 on Wednesday”,"l needto book
Room 2”, and “Room 2” and dialogue-related
onesare“yes”, “no”, and“Okay”.

The semanticrepresentatioror a sentencds
a commandfor updatingthe dialoguestate. The
dialoguestateis representetly alist of attribute-
value pairs. For example, attributesusedin the
meetingroom resenation systeminclude task-
relatedattributes, such as the date and time of
theresenation,aswell asattributesthatrepresent
discourse-relatethformation, suchas confirma-
tion andgrounding.

3.3 LanguageGeneration

How the language generation module works
variesdependingon whetherthe useror system
hasthe initiative of turn takingin the dialogué.
Preciselyspeakingthe participanthaving theini-
tiative is the onethe systemassumesasit in the
dialogue.

Thedomain-dependerknowledgeusedby the
languagegeneratiormoduleis genegation proce-
dures which consistof a setof dialogue-phase
definitions For eachdialoguephase,an initial
function an actionfunction a time-outfunction
anda language modelareassigned.In addition,
phasedefinitions designatewhetherthe useror
the systemhasthe initiative. In the phasesn
which the systemhasthe initiative, only the ini-
tial functionandthelanguagenodelareassigned.
The meetingroomresenation system for exam-
ple, hasthree phases: the phasein which the
usertells the systemhis/herrequestthe phasen
which the systemconfirmsit, and the phasein
which the systemtells the userthe resultof the
databasaccessin thefirst two phasesthe user
holdstheinitiative, andin thelastphasethe sys-
temholdstheinitiative.

Functions defined here decide what string
should be spolen and sendthat string to the
speechoutput module basedon the currentdi-
aloguestate. They can also shift the dialogue

2Thenotionof theinitiativein this paperis differentfrom
thatof the dialogueinitiative of Chu-Carroll(2000.

phaseand changethe holder of the initiative as
well aschangehe dialoguestate.Whenthe dia-
loguephaseshifts,thelanguagenodelfor speech
recognitionis changedo getbetterspeechrecog-
nition performance Typically, the languagegen-
erationmoduleis responsibldor databasaccess.

Thelanguagegeneratiormoduleworks asfol-
lows. It first checkswhich dialogueparticipant
hasthe initiative. If the initiative is held by the
user it waitsuntil the users speechinterval ends
or adurationof silenceafterthe endof a system
utterances detected.The actionfunctionin the
dialoguephaseatthatpointin timeis executedn
theformercasethetime-outfunctionis executed
in the latter case.Thenit goesbackto theinitial
stage.If the systemholdstheinitiative, the mod-
ule executesthe initial function of the phase.In
typical question-answesystemsthe userhasthe
initiative when askingquestionsand the system
hasit whenanswering.

Sincethelanguageyeneratioomoduleworksin
parallelwith thelanguageunderstandingnodule,
utterancegenerationis possibleeven while the
systemis listeningto userutterancesandthat ut-
teranceunderstandings possibleevenwhile it is
speakingNakanoetal., 1999a).Thusthesystem
canrespondmmediatelyafter userpausesvhen
theuserhastheinitiative. Whenthe systemholds
the initiative, it canimmediatelyreactto an in-
terruptionby theuserbecauseiserutterancesre
understoodn anincrementalway (Dohsakaand
Shimazu,1997).

The time-out function is effective in moving
the dialogue forward when the dialogue gets
stuckfor somereason.For example,the system
may be ableto repeathe samequestionwith an-
otherexpressiorandmay alsobe ableto askthe
useramorespecificquestion.

3.4 SpeechOutput

The speechoutput module producesspeechac-
cordingto the requestdrom the languagegener
ation moduleby usingthe correspondenctable
betweenstringsandpre-recordedpeecidata. It
alsonotifiesthelanguagegeneratiormodulethat
speechoutput hasfinished so that the language
generatiormodulecantake into accounthe tim-
ing of the end of systemutterance.The meeting
roomresenationsystemusesspeectiiles of short



phrases.

4 Building Spoken Dialogue Systems
with WIT

4.1 Domain-DependentSystem
Specifications

Spolen dialoguesystemscan be built with WIT
by preparingsereraldomain-dependespecifica-
tions. Below we explain the specifications.

Feature Definitions: Featuredefinitionsspec-
ify thesetof featuresusedin thegrammarfor lan-
guageunderstandingThey alsospecifywhether
eachfeatureis a headfeatue or a foot featue
(PollardandSag,1994). Thisinformationis used
when constructingfeaturestructuresor phrases
in a built-in process.

Thefollowing is anexampleof afeaturedefini-
tion. Herewe useexampledrom thespecification
of themeetingroomresenration system.

(case head)

It meanghatthe casefeatureis usedandit is a
headfeature.

Lexical Descriptions: Lexical descriptions
specify both pronunciationsand grammatical
featuresfor words. Below is an examplelexical

item for theword 1-gatsu(January).

(1-gatsu ichigatsu nmonth nil 1)

Thefirst threeelementsaretheidentifier the pro-
nunciation,andthe grammaticalcateyory of the
word. The remainingtwo elementsarethe case
andsemantideaturevalues.

Phrase Definitions: Phrasedefinitionsspecify
what kind of word sequencecan be recognized
as a phrase. Eachdefinition is a pair compris-
ing a phrase cataggory name and a network of
word catgyories In theexamplebelow, mont h-
phr ase is the phrasecatggory nameandthere-
maining partis the network of word catejories.
opt meansan option andor meansa disjunc-
tion. For instance,a word sequencedhat con-
sistsof awordin thenont h cataeyory, suchas1-
gatsu(January)andawordin theadnoni nal -
parti cl e catgory, suchasno (of), forms a
phrasdn thenont h- phr ase catayory:.

3In this section we useexamplesof differentdescription

from theactualonesfor simplicity. Actual specificationsre
writtenin partin Japanese.

(rmont h- phr ase
(rmont h

(opt
(or
expr essi on-f ol | owi ng- subj ect
(adnoni nal -particle

(opt
sentence-final-particle))))))

Network Definitions: Network definitions
specifywhat kind of phrasesanbe includedin

eachlanguagemodel. Eachdefinitionis a pair
comprisinga network nameand a setof phrase
categyory names.

Semantic-FrameSpecifications: Theresultof

understandingnddialoguehistory canbe stored
in the dialogue state which is representedby a
flat frame structure,i.e., a setof attribute-\alue
pairs. Semantic-framespecificationsdefinethe
attributesusedin the frame. The meetingroom
reseration system uses task-relatedattributes.
Two arest art andend, which representhe
users intention aboutthe startand endtimes of

the resenation for somemeetingroom. It also
has attributes that representdiscourseinforma-
tion. Oneis conf i r ned, whosevalueindicates
whetherif the systemhasalreadymadean utter

anceto confirmthe contentof 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)

Theserulesaresimilarto DCG (PereiraandWar-
ren, 1980) rules; they caninclude logical vari-
ables and these variablescan be bound when
theserulesareapplied.lt is possibleto addto the
rules constraintsthat stipulaterelationshipsthat
must hold amongvariables(Nakano,1991), but
wedonotexplaintheseconstraintsn detailin this



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

Whenthe commandon the right-handside of
thearraw is aframeoperationcommandphrases
to which this rule can be appliedcanbe consid-
ereda sentenceandthe sentence semantiaep-
resentations the commandfor updatingthe dia-
logue state. The commandis one of the follow-

ing:

A commandto setthe value of an attribute
of theframe,

A commando increasehe priority,

Conditional commands (If-then-else type
command,the condition being whetherthe
valueof anattribute of the frameis or is not
equalto a specifiedvalue, or a conjunction
or disjunctionof theabaove condition),or

A list of commanddo be sequentiallyexe-
cuted.

Thanksto conditionalcommandsit is possible
to representhe semanticof sentencegontext-
dependently

Thefollowing ruleis anexample.

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

The nameof thisruleis st art - end-ti nmes-

command. The secondand third elements
are child featurestructures. In theseelements,
ti me- phr ase isaphrasecategory, : f r omand
(:or :to nil) arecasefeaturevalues,and
*start and *end are semanticfeature val-

ues. Here: or meansa disjunction,and sym-
bols startingwith an asteriskare variables. The
right-handsideof thearrow is acommando up-
datethe frame. The secondelementof the com-
mand,(set :start *start), changeshe
:start attribute value of the frameto the in-

stanceof * st ar t , which shouldbe boundwhen
applyingthisrule to the child featurestructures.

PhaseDefinitions: Eachphasedefinition con-
sistsof a phasename a networkname an ini-
tiative holderspecificationaninitial function an
actionfunction amaximunsilenceduration, and
a time-outfunction The network nameis the
identifier of the languagemodelfor the speech
recognition.Themaximumsilencedurationspec-
ifies how long the generatiormoduleshouldwait
until thetime-outfunctionis invoked.

Below is an example of a phasedefinition.
The first elementr equest is the nameof this
phase," f nr _request" is the name of the
network, andnove-t o- r equest - phase and
request - phase- acti on are the namesof
the initial and action functions. In this phase,
the maximumsilencedurationis ten secondand
the nameof thetime-outfunctionis r equest -
phase-ti neout .

(request "fnr_request”
nove-t o-request - phase
request - phase- acti on
10.0

request - phase-ti meout)

For the definitionsof thesefunctions,WIT pro-
videsfunctionsfor accessinghe dialoguestate,
sendinga requestto speakto the speechout-
put module,generatingstringsto be spolen us-
ing surfacegeneratiortemplatesshifting the di-
aloguephase taking andreleasingthe initiative,
andsoon. 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
sequencef strings. Eachstring canbe spolen,
i.e.,it isin thelist of pre-recordedpeeckHiles.

For example, let us considerthe corversion
of the semantiaepresentatioif dat e ( dat e-
expressi on 3 15)) tostringsusingthefol-
lowing template.

((date
(dat e-expressi on *nonth *day))
((*nmonth gatsu) (*day nichi)))

The surface generationlibrary function matches
theinputsemantiadepresentatiowith thefirst el-
ementof the templateand checksif a sequences



of strings appearin the speechfile list. It re-
turns (' ' 3gat sulbni chi’’) (March 15th)
if the string “3gatsul5nichi’is in the list of
pre-recordedpeectfiles, and otherwise returns
('’ 3gatsu’’ '’ 15nichi’’) when these
stringsarein thelist.

List of Pre-recordedSpeechFiles: Thelist of
pre-recordedpeectfiles shouldshav the corre-
spondencéetweenstringsandspeeclHiles to be
playedby the speectoutputmodule.

4.2 Compiling SystemSpecifications

Fromthespecificationgxplainedabore,domain-
dependenknowledgesourcesarecreatedasindi-
catedby thedashedarronvsin Figurel. Whencre-
atingtheknowledgesourcesWIT checkdor ser-
eralkindsof consisteng. For example,the setof
word categoriesappearingn the lexicon andthe
setof word catejoriesappearingn phrasedefi-
nitions arecompared.This makesit easyto find
errorsin thedomainspecifications.

5 Implementation

WIT hasbeenimplementedn CommonLisp and
C on UNIX, and we have built several experi-

mentalanddemonstrationlialoguesystemaising
it, including a meetingroom reseration system
(Nakanoet al., 1999b), a video-recordingpro-

grammingsystem,a schedulemanagemensys-
tem (Nakanoet al., 1999a),and a weatherin-

formation system(Dohsakaet al., 2000). The
meetingroom reseration systemhasvocahulary

of about140 words, around40 phrasestructure
rules, nine attributesin the semanticframe, and
around100 speechHfiles. A sampledialoguebe-
tween this systemand a naive useris shavn

in Figure 2. This systememplg/s HTK asthe
speechrecognitionengine.Theweatherinforma-
tion systemcananswetthe users questionsabout
weatherforecastdan Japan.The vocalulary size
is around500,andthe numberof phrasestructure
rulesis 31. The numberof attributesin the se-
manticframeis 11, andthe numberof thefiles of

the pre-recordedpeechs aboutl13,000.

6 Discussion

As explainedabore, the architectureof WIT al-
lows us to develop a systemthat can use utter

ancesthat are not clearly sggmentedinto sen-
tenceshy pausesndrespondn realtime. Below
we discussotheradwvantagesndremainingprob-
lems.

6.1 Descriptive Power

Whereasprevious finite-state-model-basetbol-
kits placemary severerestrictionson domainde-
scriptions,WIT hasenoughdescriptve power to
build avariety of dialoguesystemsAlthoughthe
dialoguestateis representelly asimpleattribute-
value matrix, sincethereis no limitation on the
numberof attributes, it can hold more compli-
catedinformation. For example,it is possibleto
represent discoursestackwhosedepthis lim-
ited. Recordingsomedialoguehistory is also
possible.Sincethelanguagaunderstandingnod-
ule utilizes unification, a wide variety of lin-
guistic phenomenacan be covered. For exam-
ple, speechrepairs,particle omission,andfillers
can be dealtwith in the framework of unifica-
tion grammar(Nakanoet al., 1994; Nakanoand
Shimazu,1999). The languagegeneratiormod-
ule featuresCommonLisp functions,so thereis
no limitation on the description. Some of the
systemswe have developedfeaturea generation
methodbasedon hierarchicalplanning(Dohsaka
andShimazu,1997).1t is alsopossibleto build a
simple finite-state-model-badedialoguesystem
usingWIT. Statescanberepresentely dialogue
phasesn WIT.

6.2 Consistency

In an agglutinatve languagesuch as Japanese,
thereis no establishedlefinitionof words,sodia-
loguesystemdevelopersmustdefinewords. This
sometimescausesa problemin that the defini-
tion of word, thatis, the word boundariesin the
speectrecognitionmodulearedifferentfrom that
in the languageunderstandingnodule. In WIT,
however, sincethe commonlexicon is usedin
boththe speechrecognitionmoduleandlanguage
understandingnodule, the consisteng between
themis maintained.

6.3 Avoiding Information Loss

In ordinaryspolenlanguagesystemsthe speech
recognition module sendsjust a word hypoth-
esisto the languageprocessingmodule, which



speakr start end utterance
time(s) time(s)

system: 614.53 615.93 donoynagoykendesld ka (hov mayl helpyou?)

user: 616.38 618.29 kaigishitsuo yoyakushitai ndesuga (I'd like to make aresera-
tion for a meetingroom)

system: 619.97 620.13 hai(uh-huh)

user: 622.65 624.08 san-gatsydni-nichi (onMarch12th)

system: 625.68 625.91 hai(uh-huh)

user: 626.65 627.78 jlyo-jikara (from 14:00)

system: 629.25 629.55 hai(uh-huh)

user: 629.91 631.67 jOshidi-ji sanjup-pumade(to 17:30)

system: 633.29 633.57 hai(uh-huh)

user: 634.95 636.00 dai-kaigishitsuthelarge meetingroom)

system: 637.50 645.43 san-gatsutni-nichi, jayo-ji kara, jashidi-ji sanjup-punmade
dai-kaigishitsutoy(l koto de yorosh destbka (on March 12th,
from 14:00to 17:30,thelarge meetingroom, is thatright?)

user: 645.74 646.04 hai(yes)

system:. 647.05 648.20 kashilomarimashi (all right)

Figure2: An exampledialogueof anexamplesystem

mustdisambiguatevord meaningandfind phrase
boundarieshy parsing. In contrast,the speech
recognitionmodulein WIT sendsotonly words
but alsoword cateyories,phraseboundariesand

phrasecatayories. This leadsto lessexpensve

andbetterlanguageunderstanding.

6.4 Problemsand Limitations

Several problemsremainwith WIT. One of the
mostsignificantis thatthe systemdevelopermust
write languagegeneratiorfunctions. If the gen-
erationfunctionsemploy sophisticateddialogue
stratgjies, the systemcan perform complicated
dialoguesthat are not just questionanswering.
WIT, however, doesnotprovide task-independent
facilities that male it easierto emplo/ suchdia-
loguestratgjies.

There have beenseveral efforts aimed at de-
velopinga domain-independemhethodfor gen-
eratingresponsefrom a framerepresentatiof
userrequestgBobrow etal., 1977; Chu-Carroll,
1999). Incorporatingsuchtechniquesvould de-
creasehe systemdeveloperworkload. However,
therehasbeenno work on domain-independent
responsegenerationfor robust spolen dialogue
systemghat can dealwith utteranceshat might
includepausesn themiddleof asentencewhich
WIT handleswell. Thereforeincorporatingthose

techniquesemainsasafuturework.

Anotherlimitationis thatWIT cannoidealwith
multiple speechrecognitioncandidatessuch as
thosein an N-bestlist. ExtendingWIT to deal
with multiple recognitionresultswould improve
the performanceof the whole system.The ISSS
preferencemechanisimis expectedto play a role
in choosingthe bestrecognitionresult.

7 Conclusion

This paperdescribedWIT, a toolkit for build-
ing spolen dialogue systems. Although it re-
quiresmore systemspecificationghan previous
finite-state-model-basemolkits, it enablesone
to easily constructreal-time, robust spolen dia-
loguesystemshatincorporatesadwvancedcompu-
tationallinguisticstechnologies.
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