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1 Introduction

We will demonstratéwo novel capabilities:

¢ TargetedHelp: a componenfor providing users
with embeddedutoring aboutthe dialoguesys-
temand;

¢ Dialoguefor discussinguture planswith a state
of theart planner/scheduler

This prototypecontrolsa mobile robotandvarious
station functionsin a simlation of the International
SpaceStation. The componentf this systemex-
tendwork from theRIALIST simulated®SADialogue
System(Rayneret al., 2000). The demosystemfea-
turesanasynchronousialoguemanagefBoye etal.,
2000),combinedwith theNuanceSpeechRecognizer
the Geminilanguagaunderstandingystem(Dowding
etal.,1993), andtheFestval SpeectSynthesizerThe
componentsare integratedusing SRI's Open Agent
Architecture(OAA). It includesnew agentsfor per
forming TargetedHelp. In additionthe systems lan-
guagecoveragancludesemporakxpressiongor time
pointsanddurationswhich arecrucialto discussions
of future plans. The systemintegratescapabilitiesfor
discussinganddirectingcurrentactivities, for queries
aboutpaststatesand for interactve future planning.
TargetedHelpis availableacrossall interactiontypes.

1.1 Targeted Help: Guiding Users Toward
In-Cover age Utterances

Grammarbasedrecognizersgunedto a domain per
form very well, in factbetterthancomparableStatis-
tical LanguageModels (SLMs) for in-coverageutter
anceg(Knight et al., 2001). However, users particu-
larly non-expertusersof dialoguesystemswill pro-
duce utteranceghat are out of coverage. Targeted
Help makesuseof theseout-of-coverageutteranceso
produceinformative and natural utteranceghat will
guide the usertowards producingmore in-coverage
language.The utteranceproducedby TargetedHelp
arecomposeaf oneor moreof thefollowing pieces:

¢ Reportof backupSLM recognitionhypothesis,
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¢ Descripitionof the problemwith the users utter
ance(e.g. missingvocahulary); and

e A similarin-coverageaxample.

Sincewe are essentiallyembeddinga very simple
instructionalsystemaboutcoverageinto the dialogue
systemour work haspointsin commonwith instruc-
tional dialoguesystemsTherearealsosimilaritiesbe-
tweenthis approactandwork on call routing.

This is a novel approachto a real problem. Many
typesof systemsawill have few repeatuserswith the
resultthatmostuserswill beinexpert. However, even
in systemavheretrainingis possible userscanremain
inexpertsurprizinglylong. In astudydoneontheorig-
inal RIALIST simulated?SAsystempaive userswvere
given a half hour training sessiorusing the dialogue
systembeforebeginningthe seriesof tasksfor thesys-
tem test. Even after training usersproducedat least
8.5% out of coverageutterances.ln additionto pro-
viding userswith informationaboutthe systenthatis
not explicitly available(e.g. whatwordsor grammat-
ical forms are out of coverage),TargetedHelp takes
adwantageof lexical entrainmentby providing simi-
lar in-coverageexamples.n addition,embeddinghis
trainingin the systentakesadwantageof theeffective-
nessof immediatefeedbackasanaid to learning.

The TamgetedHelp components a separateagent
which analyzeghe backup recognizerutputto pro-
ducean informative systemresponse.To implement
theTargetedHelp capabilitywe alsoadda secondec-
ognizerusinga cateyory basedSLM runningin paral-
lel to theusualgrammatbasedecognizerThisspeeds
productionof the TargetedHelp feedbackby insuring
thattheback-uprecognitiorhypothesissimmediately
availablewhenthemainrecognizefails. TheTargeted
Help componenhas2 subroutinespnethatproduces
a promptbasedon a diagnosisof the problemwith
the users utterancege.g. unknovn words, unknovn
grammaticalstructures,bad endpointing. The other
componenproducesnin-coverageaxamplesentence
basedon the form of andlexical itemsrecognizedn
theusers utteranceWe matchtheexampleto thesen-
tencetype of the users utterance:wh-question,yn-
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questionansweyor command Furthermorefor com-
mandswhich area large percentagef the utterances
we alsoattemptif possibleto produceanin-coverage
exampleutteranceontaininghesameverbandargue-
ments.Therecognitionhypothesiof the SLM is also
reportedaspartof thesystems responseo theuser

1.2 Dialogue about Plans

This part of the demonstratiorwill describea work
in progresgowardsbuilding a spolen dialogueinter-
faceto the ExtensibleUniversalRemoteOperations
PlanningArchitecture(EURORA) (Franketal., 2000)
plannerfor the purposesf planningand scheduling
the future actwities of the PSA. The spolendialogue
interfacegivesthe userthe capabilityto askfor a de-
scriptionof the plan, askspecificquestionsaboutthe
plan, and updateor modify the plan. We anticipate
that a spolen dialogueinterfaceto the plannerwill
provide anaturalaugmentatioior alternatve to thevi-
sualizationinterface, in situationsin which the user
needsvery targetedinformationaboutthe plan,in sit-
uationswherenaturallanguagecan expresscomple
ideasmoreconciselythanGUI actions or in situations
in which agraphicaluserinterfaceis notappropriate.

The Mars Pathfinder mission landed a semi-
autonomousobot, Sojourney on the surfaceof Mars
which operatedor 85 days,from July 4, 1997to Sept
27,1997 (MPF, 1997). At the endof eachday; So-
journerwouldbroadcastiatabackto earth thenhiber
natefor the Mars night. On Earth,teamsof scientists
andengineersvouldengagen marathorplanningses-
sionsatnightto planthenext day’'sactvities. If human
plannersvereableto correctlyandcompletelyspecify
all theconstraint@ndprioritiesonaplanningproblem
of thismagnitudeatthe outsetthenthis wouldjustbe
a hardplanningproblem.But, humanplannersdo not
work thatway. They cancomeup with aninitial esti-
mateof theconstraintsbut thatmaynot besatisfiable,
in which casethey are facedwith choicesof which
constraintg¢o considerremoving. Evenwhenthe set
of constraintgs satisfiablewhenthe humanplanners
aregiven a descriptionof the currentplan, they may
comeupwith additionalconstraint@andprioritiesin an
attemptto improve the plan. Thus,constraintandpri-
ority generatioris a procesghat proceedsteratively
with planning,andrequiresncreasedophisticatiorn
theplannerinterface.

121 EUROPA

Researcherat NASA's AmesResearciCenterand
the Jet PropulsionLaboratory are developing new
planning technologyto addressthis problem: EU-
ROPA. EURORA is asystemfor representingindrea-
soningaboutcomplex temporalplansinvolving con-
straintson time, resourcesand routes. EURORA is
the descendendf the RemoteAgent Planner(RAP)

(Jbnssoret al., 2000). RAP was deployed as part of
the control systemfor the DeepSpaceOnespacecraft
in May of 1999.

EUROPA manageplansby continuouslyreformu-
lating the planningproblemasa Dynamic Constraint
Satishction Problem (DCSP). This reformulationis
done by mappingeach partial plan to a CSP The
temporal constraintsform a Simple Temporal Net-
work, which canbeefficiently solved,while therestof
the constraintform a generalnon-binaryCSPrepre-
sentedby procedurakonstraintgJonssonand Frank,
2000). Plannersmay interactwith the EUROMA in-
terfaceby modifying plans,askingwhethera planis
consistentand askingwhetherany more work must
be doneto completetheplan.
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