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Abstract We describea GraphicalInterfacefor Planningwith ObjectscalledGIPO
thathasbeenbuilt to investigateandsupporttheknowledgeengineeringprocessin the
building of appliedAI planningsystems.GIPO embodiesan objectcentredapproach
to planningdomainmodelling.Therearetwo reasonsfor providing knowledgeengi-
neeringsupportfor AI planning:(i) to apply a planningsystemto a new domainto
testtheplanningsystemitself (ii) to tackletheend-userproblemfor theengineerwho
might bea domainexpertbut neednot necessarilyhave a specialistknowledgeof AI
planning.Our researchis primarily aimedat developinga methodandtools to meet
the requirementsof the latter case(ii), althoughthe benefitscanalsobe enjoyed by
planningexperts.
1. Introduction

Planform[1] is a UK EPSRCgrantfundedresearchprojectin which wearedevel-
opinganopenplatformfor thesystematicacquisitionof planningdomainmodels,and
tools to combinethesemodelswith plannersto createefficient planningapplications.
Part of thework involvesthedevelopmentof anknowledgeacquisitionmethodwhere
knowledgeis capturedby describingchangesthat the objectsin the domainundergo
astheresultof theapplicationof operators.Themethodrequiresthatwe structurethe
domaindefinitionaroundtypesof objects,thestatesthattheseobjectsmayinhabit,and
thepossibletransitionsfrom stateto statethattheobjectsmayundergoasaresultof the
applicationof planningoperators.Thecontentof this definitionprovidesthebasisfor
muchof the validationandcross-checkingthat the tool is capableof performingand
allows thedomaindeveloperto approachthetaskof definingoperatorsin a structured
andwell-supportedmanner. The additionalsupportprovidesthe possibility of open-
ing up domaindefinitionto modellerswho do not needto beasskilled in AI planning
technologyashastraditionallybeenthecase.

In brief, GIPOprovides(a)agraphicalmeansof definingaplanningdomainmodel
(b) a rangeof validationtools to performsyntacticandsemanticchecksof emerging
domainmodels(c) dynamictoolsto allow themodellerto verify thatthedomainspec-
ification can supportknown planswithin the domain(d) tools to import and export
domaindefinitionsto the literal-basedPDDL formatfor typedstripsdomains,with or
without conditionaleffects(e) aninterfacethatallows for theintegrationof third party
planningalgorithmsto berunandanimatedfrom within thetoolsenvironment.



GIPO is designedon theassumptionthat theknowledgeengineerwill betrying to
build descriptionsof new domainsusinga methodwhich imposesa loosesequenceon
thesub-tasksto beundertakento developaninitial model.Onceaninitial roughmodel
hasbeenconstructed,developmentmayproceedin a moreiterative andexperimental
manner. A key designgoal in building thesupportingGUI tool hasbeento allow the
creationof a specificationwith the tool largely automaticallytaking careof the de-
tail of thesyntaxof theunderlyingspecification.It shouldin generalbe impossibleto
constructa syntacticallyill-formed specification.
2. Domain Acquisition

The processof domainmodeldevelopmentand the models’s ontologyon which
this is basedis detailedin theliterature(seeGIPOhomepage[2], which alsocontains
a moredetailedversionof this paper).Herewe sketch the main stepsof the knowl-
edgeacquisitionprocess,describinghow thetool supportsthisprocess.We outlinetwo
importantstepsof theknowledgeacquisitionprocess- acquiringdomainstructureand
acquiringdomainactions.

Theprocessstartswith theidentificationof thekindsof objectsthatcharacterisethe
domain.Themethodrequiresthatdistinct collectionsof objects,which we call sorts,
canbeorganisedinto ahierarchy. A visualtreeeditoris usedto constructasorttreeand
therelationsandattributesthatcharacterisetheobjectsof eachsort.Thekey stepin the
objectcentredmodellingprocessis to characteriseeachvalid stateof objectsof sorts
thataresubjectto changeduringtheplanningprocessusingrelationsandattributes.We
refer to sortssubjectto suchchangeasdynamicwhereasthe sortswherethe objects
remainunchangedarestatic. A descriptionof a stateof an objectwe call a substate
definition. Underclassicalassumptionseachmemberobjectof a sort may be in only
onesuchsubstateat any time, andthatduringplanexecutiontheobjectgoesthrough
transitionswhichchangeits statefrom onesuchsubstateto another.

In parallelwith thespecificationof substatesthemodellercannow assembleplan-
ning operators.Theoperatoreditor forms theheartof GIPO.This editor relieson the
notionthatoperatorsandmethodsgenerallycauseobjectsto changefrom onesubstate
to another(calledobjecttransitions). Whereassubtatedefinitioncapturesdomainstruc-
ture,operatordefinitioncapturesdomainbehaviour.

For eachobjectchangedby theapplicationof anoperatortherewill bea transition
definingthesetof substatestheobjectmaybein prior to theapplicationof theoperator
andthe definition of the precisesubstatethe objectwill be in asa resultof applying
theoperator. We enablethecompositionof operatorsby thedomainmodellerbuilding
a simple graphof the operatorby selectingthe elementsof the transitionsfrom an
availablelist of thepredefinedsubstatestheobject/sortis capableof beingin. Consider
theremovewheeloperatortakenfrom a tyrechangedomainillustratedin figure1. The
rectanglesdescribestatesor generalisationsonstatesof objectsof identifiedsortswhere
thepairof rectanglesin thesamerow representthetransitionthatthereferencedobject
will make asa resultof applyingthe operator, namedin the oval box. Herethereare
two objectschangedby theoperation,thewheelitself andthehubthat thewheelwas
attachedto.



Fig. 1. TheOperatorDefinitionEditor

3. Domain Analysis

Duringdomainmodelacquisitionnumerouslocal verificationchecksareappliedto
ensureconsistency. Onceaninitial domainmodelhasbeendefinedasdescribedabove,
the domainmodellercanrun global verificationtools to further checkthe validity of
the specification.Tools which we have developedincludegoal orderinggenerators,a
randomtasksgenerator, and a “reachability” analysistool. The latter tool examines
substatesthat aredefinedfor a sort and indexes them againstthe operatorsthat use
themeitherasconsumersor producers.This may reveal to the domainmodellerthat
contraryto expectationsomesubstatescannotbeproducedandhencecouldonly ever
beusedin theinitial stateof anobjector thatsomesubstatescannotbeconsumedand
henceeither is only useful in the developmentof someotherobjector is the kind of
substatespecifiedonly in a goalcondition.

In additionto staticanalysisof thespecificationthedomainmodellercandynam-
ically checka domainagainsta set of problemseitherby using the manualstepper
(shown in figure 2) or by runninga selectedplanningalgorithmagainstdefinedtest
problemcases.With astepper, theengineerchoosesactionsto applyin thecurrentstate
to generatetheconsequentstateandproceedsin this mannerto verify thatthedomain
andoperatordefinitionsdosupportknown plansfor givenproblemswithin thedomain.
In theexamplefigure2, againdrawn from thetyrechangedomain,eachcolumnof cir-
clesrepresentsthestateof objectsat onetime instance,the linkedoval is theoperator
appliedto thestateswith thelinks tracingtheobjectschangingandparticipatingin the
applicationof the operator. The insetdialog box shows an operatorfetch tool in the
processof the userchoosinginstantiationsfor the parameters.The panesat the sides
show thetaskbeingattemptedanda list of availableoperatorsin thedomain.



Fig. 2. ThePlanStepper

Theanimatorallows integratedplannersto run againstdefinedproblemsanddis-
playsgraphicallythe transitionsmadeto objectsasthe planunfolds.Theanimatoris
structurallyverysimilar to thestepperexceptthattheoperatorchoiceis determinedby
theresultsoutputby theplanner.
4. Future Work

Althoughtheobjectcentredmethodlifts domainacquisitionto a conceptuallevel,
thedetailsof specifyingsubstatedefinitionsandtransitionsarestill too theoreticalfor
anunskilleduser. We aim in thefutureto incorporatemoreinferencingmechanismsto
aid theunskilleduserin this task.We arealsodevelopingmethodsto assistthedomain
modellerin extractingstructuredknowledgefrom informal textual descriptionsof the
domainandto assistthemodellerto createnew modelsby providing a library of previ-
ousdomainmodels.
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