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Abstract

This paperdescribes10K USEI, anend-to-endlapaneseersion
of our JUPITER weatheiinformationsystem.M ok USEI delivers
weatherinformationover the phonethroughnaturalcorversa-
tion with the user For the mostpart, MOKUSEI usesthe same
componentgor recognitionunderstandingandgeneratiorthat
JUPITER usesandthedatabasandthesemantidramesfor the
weatherinformationcontentarealsoshared However, MOKU-

SEI motivated us to redesignour GENESIS generationsystem,
in orderto improve the quality of translationsof weatherre-

portsinto JapaneseWe alsohadto develop new waysto tran-
scribeuserutteranceshroughmorphologicakanalysis.M ok u-

skl is fully functionaland hasalreadybeenusedfor datacol-

lectionwith about700 nave users.Thesedatahave beenused
for improvementand evaluationof MOKUSEI. This paperalso
presentghe resultof evaluatingthe currentversionof Mok u-

SEI.

1. Introduction

For morethana decadethe Spolen LanguageSystemsGroup
has beenconductingresearcheadingto the developmentof
corversationalsystemsthat enableusersto accessand man-
age information using spolen dialogue. While most of our
systemshave beendevelopedfor English, multilinguality has
always beenan importanttopic on our researchagenda. Our
approachto developing multilingual corversationalsystemss
predicatecbntheassumptiorthatit is possibleto extractacom-
monlanguage-independes¢mantiagepresentatiofrom thein-
put, similar to the interlingua approachto machinetransla-
tion [1]. Whethersuchan approachcan be effective for un-
constrainednachinetranslationremainsto be seen. However,
we suspecthattheprobabilityof successs highfor spolenlan-
guagesystemsoperatingin restricteddomains,sincetheinput
querieswill be goal-orientedand thereforemore constrained.
Thus far, we have appliedthis formalism successfullyacross
severallanguagesnddomaing2, 3].

In 1997, we introducedthe JuPITER weatherinformation
systemin English[4]. JuPITER hasbeenavailableto the pub-
lic via atoll-free numberin the United StatessinceMay 1997.
Over the threeyear periodsinceits introduction,we have col-
lectedover 400,000utterancesrom over 58,000calls, which
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provide arich corpusfor trainingandrefinemenif systemca-
pabilities. Since JUPITER is our most matureconversational
systemto date,it hasbecomethe platformfor our multilingual
spolen languageaesearcteffort. This paperdescribesvwoku-
sEl', aconversationabystenthatprovidesweathetinformation
in Japanesever the telephone.MokUsSElI emplgys the same
GalaxyCommunicatoarchitecturg5] asits Englishpredeces-
sor It alsoutilizesmary of the samehumanlanguageechnol-
ogy (HLT) componentsalthoughsomemodificationsverenec-
essanto accounfor differencedbetweerEnglishandJapanese.
Thispaperdescribewursystendevelopmenteffort andtheper
formanceevaluationresults. Due to spaceimitations, readers
arereferredto our otherpublicationsfor a backgroundiescrip-
tion of JUPITER. A detailedexplanationof theinitial develop-
menteffort canbefoundin our earlierreport[6].

2. System Architecture

The overall systemconsistof a numberof specializedseners
thatcommunicatevith oneanothevia a centralprogrammable
hub, using the Galaxy Communicatorarchitecture[5]. In a
telephone-basedonfiguration, an audio sener capturesthe
users speechandtransmitsthe waveformto the speechrecog-
nizer The languageunderstandingomponenfparseshe rec-
ognizers word graphanddeliversa semantidrame, encoding
the meaningof the utteranceto the discourseresolutioncom-
ponent. The resulting“frame-in-contat” is transformednto
a flattenedE-form (electronicform) by the generationsener.
This E-formis deliveredto the dialoguemanagerandprovides
the settingsof thedialoguestate.

The dialoguemanagerconsultsa dialoguecontrol table to
decidewhich operationsto perform, andtypically engagesn
a module-to-modulesub-dialogueto retrieve tablesfrom the
database. It preparesa responseframe, containingweather
reportsrepresentedis semanticframes, which is sentto the
generatiorcomponenfor translationinto the targetlanguagé.
The speechsynthesizethentranslateghe responseext into a
speechwaveform, which it sendsto the audiosener. Finally,
theaudiosener relaysthe spolenresponseo the useroverthe
telephone.A detailedrecordof the entire dialogue,including
stateinformation,is loggedalongwith userutterancedgor later
examinationandreprocessing.

To develop a multilingual capability for our spolen lan-
guagesystemswe have adoptedthe stratgyy of requiringthat

1Mok usEl is the Japanesaamefor the planetJupiter
20ur English JuPITER systemtranslatesveatherreportsfrom En-
glish backinto English.



eachcomponenin the systembe aslanguageneutralaspossi-
ble. The dialoguemanagementliscourseresolution,andthe
applicationback-endareall structuredso asto be independent
of the input or outputlanguage. In fact, the input and output
languagesare completelyindependenbf eachotherso thata
usercouldspeakin onelanguageandhave the systemrespond
in another In addition, sincecontetual informationis stored
in alanguagendependentorm, linguistic referenceso objects
in focuscanbe generatedasedon the outputlanguageof the
currentquery This meansthata usercancarry on a dialogue
in mixedlanguageswith the systemproducingthe appropriate
responsef eachquery

2.1. Speech Recognition

Speechrecognitionfor the MOKUSEI systemis performedus-
ing the sumMmIT speechrecognitionsystem[7]. Currentlythe
recognizerusesa vocahulary of 1,151 words relevant to the
weatherdomain. A majority of thesewords are namesof ge-
ographiclocationsandwords describingvariousweathercon-
ditions. A phoneticpronunciatiorfor eachword hasbeencre-
atedusing a standardsetof Japanes@honeticunits. For lan-
guagemodeling,we developeda classn-gramhaving a setof
56 genericword classexreatedby hand.

To accountfor phonologicalvariations,a setof phonolog-
ical rulesis appliedto the basicpronunciationof eachword.
The outputis a graphof possiblealternatepronunciations For
example,onesetof phonologicatulesaccountdor thedeletion
of /i/ and/w/, which is commonin JapaneseAn exampleof
thisis theword sequencelesukabeingpronounceds/d e s k
al.

For the initial version of the MOKUSEI recognizer the
acousticmodelsweretrainedentirely from Englishutterances.
Thesemodelswere usedto createforcedtranscriptionsof the
early setsof Japaneselatathat were collected. As Japanese
databecameavailable, the acousticmodelswereretrainedus-
ing acombinationof EnglishandJapanesatterancesAs more
Japaneseéatawere collected,the dependencen Englishdata
for trainingwaseventuallyeliminated.

The MOKUSEI recognizemwascreatedn a straightforvard
mannerusing the standardtools of the suMMIT recognizer
SumMMIT did not require ary design adjustmentsto handle
JapaneseSignificanteffort wasrequiredonly to createthe vo-
cahlulary list, pronunciationsand phonologicalrules, asthese
elementxouldnotbebootstrappedrom their equivalentcoun-
terpartsn the Englishsystem.

2.2. Natural Language Under standing

Oncethe recognizethasproposeda word graphof promising
candidatesthe graphis parsedby the naturallanguageunder

standing(NLU) componento producea semanticframe. For

all of our researchin NLU, we have madeuse of the TINA

system[8], first developedto accommodateatabaseguerydo-

mainsin English. TINA is atop-davn parsemwhich supportsan
automaticallytrainableprobabilitymodelanda “trace” mecha-
nismto handlemovement,which is prevalentin Englishques-
tions (comparé'ls this restauranbn Main Stree®” with “What
streetis this restauranbn <trace>?").

Wewereatfirst concernedhatatop-davn parsemightnot
be anappropriatechoicefor Japaneseyhichis aleft-recursve
language The problemis thatthe systemmustproposethe en-
tire parsecolumnabove thefirst word beforeit hasseerntherest
of the sentence For example,the threesentencef Fig. 1 all
begin with the sameword, but have significantlydifferentparse

(Nihonwa) doodesuka?
((Nihon no) tenkiwa)) doodesuka?
(((Nihon no) Tokyo no) tenki wa) doodesuka?

Figure 1. Three sentence$eaginning with the word “Nihon,”
with differing rolesand parsedepthsfor this word.

Nihon  no <trace> Tokyo no <trace> tenki wa <trace> doo desu ka
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Figure2: lllustration of useof “tr ace” medanismto efficiently
parseleft-recussivestructuesin Japanese

structuresasindicatedby the bracleting. A computationally
expensve solutionis to proposeall possibleparsestructureand
let thelaterevidenceeliminateinappropriateones.

We found that a muchbettersolutionto this problemwas
availablethroughTINA’stracemechanismUsingthis approach
eachnew contentwordis parsedirstin ashallav parseree,and
thenlatermovedto a positionjust afterthe subsequenparticle
that definesits role. The uppercolumnsof the parsetree are
not constructeduntil afterthe appropriaterole hasbeenidenti-
fied. This hasthe intendedeffect of reorderingthe constructs
to appearright-recursie. This processs illustratedin Fig. 2.
Thechangereducedcomputationatequirementdy two orders
of magnitude.

2.3. Natural Language Generation

To translateweatherreportsinto Japanesewe made use of
our GENESIS-11 generationsystem[9]. GENESIS-11 generates
text in the tamgetlanguagerom a semantidrame, obtainedby
parsingthe weatherforecastusing TINA. Generationis con-
trolled by amessagdile thatrecursvely describeghe ordering
of nestecconstituentsn the semantidrame. A vocahulary file
providesthemappingdrom thesemantid¢agsto theappropriate
targetlanguagesurfacerealization.

Often, a literal translation,even properly reorderedjs in-
appropriateasillustratedin Fig. 3, with the semantidramefor
the original sentenceshawvn in Fig. 4. Notice thatfluenttrans-
lation requiresa majorreoiganizationof the sentencestructure.
In particular theword “rain” (“ame”) needgo appeatetween
the IN_TIME predicate(“gozenchuu”)andthe word “possibil-
ity” (“kanoosee”)whichisimpossiblef eachframeis required
to generatets entirestringasa singleunit.

In partbecauseriginal GENESI S systemwasunableto han-
dle this kind of the situation, we have beenmotivatedto re-
designour generatiorsystem.TheresultingGENESIS-11 is sig-
nificantly more flexible and intuitive. It provides a powerful
“pull” mechanisnthatovercomegheabove problem.Any con-
stituentcan pregenerateoy nameary otherconstitueniamong
its grandchildren(<- - ), or even amongits however deeply
nesteddescendant¢<==). In our example, the wealer pull
(<--) is sufiicient, and is accomplishedhroughthe follow-
ing rule: precipact <-- in_time... :name... probability



rain (possible(in themorning))
((morningin) possible)ain

[Englishoriginal]
[Japaneserdering]

((gozenchuuni) kanoona)ame [nonsensk
gozenchuy((ameno) kanoosega) [flueni

arimasu)
morning(((rain of) possibility) SBJ  [Englishequialent]
exist)

Figure3: An exampleweatherphrasewhosdliteral translation
is nonsensicalalong with the apprmopriate translationthat is
producedby our system.

{c weat her _event
t opi c:
{q precip_act nane: "rain"
pred:
{p possibility
qualifier: "possible"
pred:
{pin_time
topic:
{q tinme_of _day
nanme: "norning"
quantifier: "def"} } } } }

Figure4: Semantidramefor thesentencg'r ain possiblen the
morning’ showingtheembeddedN_TIME predicate

resultingin the fluenttranslationshawvn in Fig. 3. GENESIS-
Il hasanothernew selectorfeature,describedelsavhere[6],
which allows context-dependentvord selection.This is essen-
tial for generatinghaturalJapanessentences.

2.4. Dialogue Management and Synthesis

The dialogue managerof MOKUSEI is identical to that of
JUPITER exceptthatwe hadit default to the Celsiusscalefor
temperaturesvhenthe languagels Japanese.This requiresa
mechanisnto interpretfrequentreferenceso rangesof temper
ature,suchas“high upper60s”. Aside from this onefeature,
thedialoguemanagedoesnot needto know eithertheinputor
outputlanguages.lt preparesa responsesa semanticframe,
which latergetstranslatednto text in thetargetlanguagey the
generatiorsystem.

For Japanessynthesisywe madeuseof FLUET, a software
synthesizeprovidedby NTT CyberSpacd_abs.[10]. Wecom-
piledit with awrapperto allow it to communicatevith theother
senersvia the standardizegrotocol.

2.5. Content Processing

JUuPITER updatests weatherdatabasehreetimes a day from
four Websites,andupdatesnformationaboutcurrenttempera-
ture,humidity, andpressureontinuouslyfrom its satellitefeed.
The updateinvolves several steps. After the new weatherre-
portsareretrieved from the Web sites,they areall parsedinto
semantidramesusingour TINA NLU system.The framesare
thenexaminedautomaticallyfor semanticontentandindexed
underall weathercategoriesthatareapplicable Finally, there-
lationaldatabaseablesareupdated.

The databasdor MOKUSE! is nearly identical to the one
usedby JuPITER. However, sinceJuPITER knew of only six
major cities in Japan,we expandedthe numberof Japanese
citiesto 144for Mok USEI. We alsoprovidedinformationabout

theprefectureandregionfor eachcity in ageographyable.The
weatherinformationfor the expandedlapanessetis obtained
from both a Web site and a commercialweatherinformation
distribution service.

3. Data Collection and Evaluation
3.1. DataCollection

Datacollectionis avital partof corversationabystemdevelop-
ment. Oncea preliminaryversionof every components avail-
able,userscantalk to the systemto obtaininformation. Later
perusalof the resultinglog file revealsproblemsthat canthen
be repairedby systemdevelopers.The users’queriesaretran-
scribed,andthetext is usedto guideexpansionof thegrammar
rulesfor the NLU componentaswell asthe languagemodel
for recognition. The acousticmodelscan be retrainedon the
collectedwaveforms. The software andhardwarefor datacol-
lectionresideatbothMIT andNTT's Atsugi R&D Center

To date,we have collectedover 713 calls from naive users
of the systemresultingin 10,480utterances.Thesedatawere
collectedwith MOKUSEI runningat MIT. Most callswerefrom
Japanandabout500 of the calls weremadeby hired subjects
who were asled to talk to MokUsEI for five minutes. When
thesedatawerecollected,MOKUSEI's performancevassome-
whatlimited becaus@f thelack of trainingdata.

3.2. Transcription

When we tried to utilize the collected datafor training the
acoustiomodels thelanguagenodelfor the speechrecognizer
andtheTINA grammarwe foundthatit wascrucialto maintain
consisteng of word boundariedor transcriptions.At first, we
transcribeceachuserutteranceasa sequencef words,eachof
which is written asa phonemesequenceasin “rosangzhjerusu
notengkio oshietg(tell metheweathelin Los Angeles). Since
thereis no standardor word boundarieqi.e., tokenization)in
Japaneseye establishe@ur own standard.

As the amountof datagrew, it becamedifficult to man-
ually maintain consistentword boundariesin transcriptions.
We consideredtwo approachego this problem. One was
to useJapanesenorphologicalanalyzerswhich take Japanese
text written in kanji-kanasequencésasinput and outputmor-
phemes.This methodis often usedto build n-gramlanguage
modelsfor Japanesdictationsystemgrom text corporasuchas
newspapeiarticles[11]. To utilize this method,utterancesieed
to be transcribedn kanji-kanasequencesThe problemwith
this approaclis that,becausehereis no standardor Japanese
orthographytherearemary possiblekanji-kanasequencefor
thesameutterancehataresemanticallyequialent. Thiscauses
problemswhenwe try to usethesetranscriptiongo developthe
recognitionvocahulary andgrammarfor languageunderstand-
ing.

We thereforetook anotherapproachwhereuserutterances
were transcribedphonemically but automaticallyseggmented
into bunsetsuA bunsetsus anintonationalphraseconsistingof
a contentword anda number(zeroor more)of functionwords.
Althoughbunsetsiboundariesiave notbeenstandardizedhey
canbedeterminedar moreconsistentlythanword boundaries.
We usethe TINA parserto analyzemorphology segmenting
eachbunsetsyohonemesequenceénto consistentwords, asil-
lustratedin Fig. 5. In this processyariationsin pronunciation,
suchasboth ‘rosangzhjerusuand ‘rosangzerusufor Los An-

3A kanji is a Chinesecharacteandakanais a phonogram.



transcription: getsujoobindookjoonotengkio

shiritaingdesu&do

seggmentedsentence: getsujoo bi no tookjoo no
tengkio shiri tai ng desukedo
(I wantto know the weatherin

Tokyo for Monday)

Figure5: An exampleof a transcriptionandits morpholaical
analysis.

geles,arereducedo a commonword. Formerly this wasdone
manually sometimedeadingto inconsistenciesThe morpho-
logical analyzercorrectly segmentsabout95% of bunsetsun

naive andexpertuserutterances.

The grammarfor this morphologicalanalyzerforms a part
of the grammarfor sentenceparsing, which guaranteeson-
sisteng. We alsohave a programthat checksconsisteng be-
tweenthe morphologicalanalyzerandthe recognitionvocahu-
lary. Usingthesemethodsthe quality of the transcriptionwas
improved, resultingin improvementin theacoustiomodel.

3.3. Performance Evaluation

Usingthe collecteddata,we evaluatedv ok UsEl. We split the
naive userutterancesnto a training set, which comprisess42
dialoguesand8,038utterancesanda testsetof 168 dialogues
and2,442utterancesOn averagethereare2.6 moraeperword.

The acousticmodelfor the speechrecognizemwastrained
from the training setaugmentedvith 1,900readspeechutter
ancesand?2,592expertuserutterancesThe currentrecognizer
hasanactive vocahulary of 1,151wordswith atrigramtestset
perplity of 13.0. Thetrigramwastrainedonly from thetrain-
ing setnaive userutterances.On the in-vocalulary testdata
of 1,745utterancegontainingno artifacts,the word error rate
is 8.5% with a sentenceerror rate of 33.1% (averageof 5.8
words/sentences)On the completetestsetthe word and sen-
tenceerror ratesincreasedo 19.0% and 45.9%, respectiely.
Theseresultsare similar to the performancewe obtainedfor
our Englishweathersysten[4].

The grammarfor sentencearsingcurrentlyhasmorethan
500 categoriesandnearly2,000vocahulary entries.It hasbeen
refinedsothatit coversmore of the collectednaive userutter
anceswhile avoidingadecreasén parsingspeedlt nowv covers
morethan75% of the naive userutteranceshatdo notinclude
artifacts.

Overall userutteranceunderstandingvas evaluatedusing

our evaluationframework [12], which evaluatesunderstanding

by comparingkey-value pairs obtainedboth from recognition
resultsandtranscriptions.For the 1,515utterancesn the test
setwhosetranscriptionsareparsableconcepterrorrate,which
corresponds$o word errorrate,is 12.0%.

For generationywe have createcabout400generatiorrules,
alongwith a generatiornvocalulary of about3,000entries.The
spolen responsedor the manually transcribedtest set utter
ancesveremanuallychecled,andmorethan90%of themcan
beconsideredluent.

4. Summary

This paperdescribesvokUsEl, a weatherinformationsystem
thatenableslapanesspeakrsto obtainreal weatherinforma-
tion for cities worldwide by conversingwith the system. We

have expandedhe capabilitiesof our GENESIS generatiorsys-
temsuchthatit is nov possibleto generatehigh quality trans-
lations of the English weatherreports. We have also incor

poratedmorphologicalanalysisof userutterancdranscriptions
into bunsetswsequencet maintainword boundaryconsisten-
cies. The performanceof the currentversionis good enough
to allow naie usersto useit, althoughwe believe that ongo-
ing datacollectionusing MOKUSEI both at MIT andin Japan
will leadto betterperformance. Togetherwith MUXING, the

Mandarin Chineseversion of JUPITER [3], MOKUSEI shavs

thatJuPITER andits underlyingGALAXY architecturareviable
frameawvorksfor multilingual corversationakystenresearch.
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