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Abstract We describea Graphicallnterfacefor Planningwith Objectscalled GIPO
thathasbeenbuilt to investigateandsupportthe knowledgeengineeringprocessn the
building of appliedAl planningsystemsGIPO embodiesan objectcentredapproach
to planningdomainmodelling. Thereare two reasondor providing knowledgeengi-
neeringsupportfor Al planning: (i) to apply a planningsystemto a new domainto
testthe planningsystemitself (ii) to tacklethe end-useproblemfor the engineemwho
might be a domainexpertbut neednot necessariljnave a specialistknowledgeof Al
planning.Our researchs primarily aimedat developinga methodandtools to meet
the requirementof the latter case(ii), althoughthe benefitscanalso be enjoyed by
planningexperts.

1. Introduction

Planform[1] is a UK EPSRCgrantfundedresearctprojectin which we aredevel-
opinganopenplatformfor the systemati@cquisitionof planningdomainmodels,and
toolsto combinethesemodelswith plannerso createefficient planningapplications.
Part of thework involvesthe developmentof anknowledgeacquisitionmethodwhere
knowledgeis capturedby describingchangeghat the objectsin the domainundego
astheresultof the applicationof operatorsThe methodrequiresthatwe structurethe
domaindefinitionaroundtypesof objects the stateghattheseobjectsmayinhabit,and
thepossibletransitionsrom stateto statethatthe objectsmayundegoasaresultof the
applicationof planningoperatorsThe contentof this definition providesthe basisfor
much of the validationand cross-checkinghatthe tool is capableof performingand
allows the domaindeveloperto approacthe taskof definingoperatorsn a structured
and well-supportednanner The additional supportprovides the possibility of open-
ing up domaindefinitionto modellerswho do not needto be asskilled in Al planning
technologyashastraditionallybeenthecase.

In brief, GIPO provides(a) a graphicaimeansof defininga planningdomainmodel
(b) arangeof validationtools to perform syntacticand semanticchecksof emeging
domainmodels(c) dynamictoolsto allow themodellerto verify thatthedomainspec-
ification can supportknown planswithin the domain(d) tools to import and export
domaindefinitionsto the literal-basedPDDL formatfor typedstripsdomainswith or
without conditionaleffects(e) aninterfacethatallows for the integrationof third party
planningalgorithmsto be run andanimatedrom within thetoolservironment.



GIPO s designedn the assumptiorthatthe knowledgeengineemwill betrying to
build descriptionof new domainsusinga methodwhichimposesaloosesequencen
thesub-taskdo beundertalento developaninitial model.Onceaninitial roughmodel
hasbeenconstructeddevelopmentmay proceedn a moreiterative and experimental
manner A key designgoalin building the supportingGUI tool hasbeento allow the
creationof a specificationwith the tool largely automaticallytaking care of the de-
tail of the syntaxof the underlyingspecificationlt shouldin generabe impossibleto
constructa syntacticallyill-formed specification.

2. Domain Acquisition

The processof domainmodel developmentand the modelss ontology on which
thisis baseds detailedin the literature(seeGIPO homepage[2], which alsocontains
a more detailedversionof this paper).Here we sketchthe main stepsof the knowl-
edgeacquisitionprocessgescribinghow thetool supportghis processWe outlinetwo
importantstepsof the knowledgeacquisitionprocess acquiringdomainstructureand
acquiringdomainactions.

Theprocesstartswith theidentificationof thekindsof objectsthatcharacteris¢he
domain.The methodrequiresthat distinct collectionsof objects,which we call sorts
canbeorganisednto ahierarchyA visualtreeeditoris usedto constructasorttreeand
therelationsandattributesthatcharacteris¢éhe objectsof eachsort. Thekey stepin the
objectcentredmodellingprocesss to characteris@achvalid stateof objectsof sorts
thataresubjectto changeduringtheplanningprocessaisingrelationsandattributes We
referto sortssubjectto suchchangeasdynamicwhereasthe sortswherethe objects
remainunchangedre static A descriptionof a stateof an objectwe call a substate
definition Under classicalassumption@achmemberobjectof a sort may bein only
onesuchsubstateat any time, andthat during plan executionthe objectgoesthrough
transitionswhich changets statefrom onesuchsubstatéo another

In parallelwith the specificatiorof substateshe modellercannow assemblglan-
ning operatorsThe operatoreditor formsthe heartof GIPO. This editorrelieson the
notionthatoperatorandmethodgyenerallycauseobjectsto changdrom onesubstate
to another(calledobjecttransitiong. Whereasubtatedefinitioncaptureslomainstruc-
ture,operatodefinitioncapturegilomainbehaiour.

For eachobjectchangedy the applicationof anoperatortherewill beatransition
definingthe setof substatethe objectmaybein prior to theapplicationof the operator
andthe definition of the precisesubstatehe objectwill bein asa resultof applying
the operatorWe enablethe compositionof operatordy the domainmodellerbuilding
a simple graphof the operatorby selectingthe elementsof the transitionsfrom an
availablelist of the predefinedsubstatethe object/soris capableof beingin. Consider
theremove wheeloperatortakenfrom atyre change domainillustratedin figure1. The
rectangleslescribestateor generalisationsn stateof objectsof identifiedsortswhere
thepair of rectanglesn thesamerow representhetransitionthatthereferenceabject
will make asa resultof applyingthe operator namedin the oval box Herethereare
two objectschangedy the operationthe wheelitself andthe hubthatthe wheelwas
attachedo.
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Fig. 1. TheOperatoiDefinition Editor

3. Domain Analysis

During domainmodelacquisitionnumeroudocal verificationchedksareappliedto
ensureconsisteng. Onceaninitial domainmodelhasbeendefinedasdescribedibore,
the domainmodellercanrun global verificationtools to further checkthe validity of
the specification Tools which we have developedinclude goal orderinggeneratorsa
randomtasksgeneratorand a “reachability” analysistool. The latter tool examines
substateghat are definedfor a sort and indexes them againstthe operatorsthat use
themeitherasconsumer®r producersThis may reveal to the domainmodellerthat
contraryto expectationsomesubstatesannotbe producedandhencecould only ever
be usedin theinitial stateof anobjector thatsomesubstatesannotbe consumeand
henceeitheris only usefulin the developmentof someotherobjector is the kind of
substatespecifiedonly in agoalcondition.

In additionto staticanalysisof the specificatiorthe domainmodellercandynam-
ically checka domainagainsta setof problemseither by usingthe manualstepper
(shavn in figure 2) or by running a selectedplanningalgorithm againstdefinedtest
problemcasesWith asteppertheengineecchoosesctionsto applyin thecurrentstate
to generatehe consequenstateandproceedsn this mannerto verify thatthe domain
andoperatodefinitionsdo supportkknown plansfor givenproblemswithin thedomain.
In theexamplefigure 2, againdrawn from the tyre change domain,eachcolumnof cir-
clesrepresentghe stateof objectsat onetime instancethelinked oval is the operator
appliedto the stateswith thelinks tracingthe objectschangingandparticipatingin the
applicationof the operator The insetdialog box shovs an operatorfetch_tool in the
processof the userchoosinginstantiationsor the parametersThe panesat the sides
shav thetaskbeingattemptedandallist of availableoperatorsn the domain.
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Fig. 2. ThePlanStepper

The animatorallows integratedplannersto run againstdefinedproblemsanddis-
playsgraphicallythe transitionsmadeto objectsasthe plan unfolds. The animatoris
structurallyvery similar to the steppeexceptthatthe operatorchoiceis determinedy
theresultsoutputby theplanner
4. Future Work

Althoughthe objectcentredmethodlifts domainacquisitionto a conceptualevel,
the detailsof specifyingsubstatadefinitionsandtransitionsarestill too theoreticalfor
anunskilleduser We aimin thefutureto incorporatemoreinferencingmechanismso
aidtheunskilleduserin this task.We arealsodevelopingmethodso assisthe domain
modellerin extractingstructuredknowledgefrom informal textual descriptionof the

domainandto assisthe modellerto createnew modelsby providing alibrary of previ-
ousdomainmodels.
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