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Project Overview

The PLANFORM projectaimedto develop a high level researchplatform for the systematicconstructionof planner
domainmodelsandautomaticallyconfiguredplanningalgorithms.

Our objectiveswere,briefly:

� To assembletoolswithin anopenenvironmentfor theacquisitionandmodellingof planningdomainmodels;

� To createlanguagesfor modellingof planningdomainsandto specifycharacteristicsof plannersleadingto the
configurationof purpose-built planningengines;

� To createa tool which synthesisesa domainmodelandaplanningengineinto aplanningapplication;

� To evaluatetheapproachusingrealisticproblemdomains.

During theproject,theemphasischangedslightly sothatsomeof objectivesdevelopedin adifferentdirection.Rather
thanabstractlydefiningplanningalgorithms,we decidedto createa library of algorithmsandusedomainanalysis
technologyto designandconfigureaplanningapplication.We perceivedtheknowledgeacquisitionbottleneck to bea
significantproblemfor AI Planningandconcentratedmoreresourcethanplannedon this area.

Application

Domain

Tools

Static and DynamicAnalysis

Planning

Heuristics

Planners

ToolAcquisition
Knowledge

General

Generic 

Configuration

Application

Efficient 

Model Engineering Phase Planner Engieenring Phase

Repres-
Internal

entation of
Domain

Figure1: ArchitecturalBreakdown of Planform
�
Thiswork wassupportedby EPSRCprojectsGRM67421/01,GRM70568/01andGRM68237/01,heldat thethreeparticipatingsites.



We have madesubstantialprogresstowardsour objectives.We have developedanenvironmentenablingtheacquisi-
tition andmodellingof planningapplicationsandtheconfigurationof planningenginessuitedto thoseapplications.
Althoughtime limitationspreventedusfrom completingall aspectsof thefinal integrationandevaluationweachieved
ourmainobjectivesandlaid a strongfoundationfor developmentof theproject.

The project consistedof a modelengineeringphaseand a planner engineeringphase. Huddersfieldand Salford
collaboratedcloselyon modellingandknowledgeacquisitionissues,whilst HuddersfieldandDurhamcollaborated
on thedevelopmentof partsof thedomainmodellingtools. Durhamworkedon theplannerengineeringphaseof the
project.

Research at the University of Huddersfield

TheHuddersfieldcontribution emphasisedtoolscreationandintegrationaspectsof theproject.Toolsfor acquisition,
validationanddomainmodellingweredeveloped,in collaborationwith colleaguesat bothSalfordandDurham. As
partof thiseffort theHuddersfieldteamresearchedanddevelopedaGUI-basedenvironmentcalledGIPO1. In addition,
astheinitiatorsof PLANFORM, Huddersfieldperformedacentraladministrativefunction,producingthemainexternal
websiteandalsoaninternalwebsitewith additionalresourcessuchasProjectMeetingminutes.NB: in thetext below
‘the PLANFORM website’refers to http://scom.hud.ac.uk/planform.

Thefirst phaseof theHuddersfieldcontributionwasconcernedwith applicationsencodingandlanguagedevelopment.
During this phasethreeapplicationdomainswereusedto exploretheadequacy of themodellinglanguages
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and�����	�

[20, 19].
�����	�

is a hierarchicalversionof
�����

enablingthemodellingof planningdomainsashierarchical
taskdecompositions.SalfordandHuddersfieldcollaboratedon this effort with Salfordworking on themodellingof
someexisting domainsusingthe two languages.Huddersfieldtackledthe problemof encodingthe aircraft landing
schedulingproblemsuppliedby Mark Watsonof theNationalAir Traffic Services.Theconstraints(e.g. separation
times for eachtype of aircraft) were encodedin

�����
[18] and

�����
�
.
�����
�

was found adequatefor all three
domains,althoughtheencodingdid demonstratesomerequiredchanges,andoverallthepressingneedfor tool support.

Thestandardlanguagesfor communicatingplanningdomaindescriptionsarethePDDL variants[1]. In orderto beable
to experimentwith ourdomainmodelsusingexisiting planningtechnologywethereforecreatedtoolsto mapbetween�����

andPDDL. Thesetoolscontinuedto bedevelopedthroughouttheprojectallowing planners,andothertoolsthat
receive input in PDDL form, to beintegratedinto our environment.Therearesomeinterestingtechnicalaspectsof the
mappingdiscussedin [27].

Languagemanualsfor
�����

and
����� �

were maintainedduring the project [12] and an online help facility was
constructed(seethePLANFORM website).

Drawing on previous developmentwork (e.g. [19]), we assembledtools that automatethe syntacticandsemantic
analysisof

�����
domainmodels.Analysesincludeensuringthatinvariantpropertiesof themodelaremaintainedand

thatsyntacticrulesareobserved.

Thesecondphaseof theprojectwasconcernedwith developmentof theGUI andtoolsenvironment. The focuswas
on building and integratingknowledgeacquisitionandmodelling tools for AI planninginto an openenvironment.
The GUI andsomeof the tools describedabove werebuilt in Java. Otherswereimplementedin Prologandit was
necessaryto integratethesevia SicstusProlog’sJASPERinterface.

The JavaCupparsergeneratormethodwasusedto representthe syntaxrulesof
�����

andto generatea parserfor
the language.This formedthe input tool in GIPO (GraphicalInterfacefor Planningwith Objects). The knowledge
acquisitionpartof thetool wasstructuredusingthemethodoutlinedin earlierwork [20]. Themethodsdirecttheuser
to defineobjects,objectsorts,relationsandproperties,classesandconstraintson objectsituations,problemsin the
form of taskspecifications,andfinally operatorsbuilt from thesecomponents.Thedesignof theinterfacewasbased
on theneedto minimisetheuseof syntax,anduseobjectratherthanpredicatecentredideas.

Onceusershave enteredall partsof a domainmodelthey canutilise modellingtools to removebugsandexperiment
with theencoding.We createdandadaptedthefollowing tools.

� plan stepper: This allows the userto pick actionschemasandapply themto a state,until a desiredgoal is

1http://helios.hud.ac.uk/planform/gipo
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reached.It is usefulfor identifyingerrorsin operatorsandoperatorssets.

� internal planningengines: this allows our own in-houseplanningenginesto beconnectedup to GIPO. Sample
taskscanbeexecutedandtheresultingsolutionsdisplayed.

� interfacefor externalplanningengines: This allows externalplanningenginesto be ‘bolted’ into theenviron-
ment. The plannerneedsto be able to input domainmodelsin PDDL (from GIPO), andoutputsolution in a
prescribedformat.Again, theresultingsolutionsaredisplayedthroughGIPO.

� a randomtaskgenerator: This inputsthecurrentdomainmodelandrandomlygeneratestasksto beusedwith a
planner.

� an animator: After a domainmodelhasbeenentered,andthe planningenginehassolved a taskwithin that
model.theanimatorcanbeusedto trackthetransitionsof eachof theobjectswhichstartedin theinitial state.

In thethird phase,integration andevaluation, thetoolsoutlinedabove wereintegratedinto GIPO [28]. Thesoftware
wasreleasedanddemonstratedatECP’01,andagainatAIPS’02. It isavailableonUnix, Linux andWindowsplatforms
fromthePLANFORM website.Asaninitial indicationof GIPO’s impact,theHuddersfieldwebsiterecorded147external
downloadsof thesystemin theperiodNovember2001- March2002.

Theenvironmenthasbeentestedusingarangeof commondomains(detailsarein theresourcesectionof thewebsite).
Further, GIPO wasusedasateachingtool in asecondyearintroductorycoursein Artficial Intelligence.GIPO alleviates
many userinterfaceproblemsby adoptinganobjectmodellingapproachwhich seemsnaturalto non-expertusers.To
amelioratetheuseof GIPO by nonspecialiststhefollowing issueswereexplored:

� Theuseof aninductiveapproachto capturingoperators2. Theopmaker tool wascreatedwhich outputsa setof
operatorsgivena partialdomainmodelandanexamplesolutionsequence[22, 21].

� Theuseof generictypesto suggestplanningdesignpatterns. Theseideasweredevelopedaspartof theDurham
PLANFORM project,andHuddersfieldis workingin collaborationwith colleaguesatDurhamto integratedesign
patternsinto GIPO [26].

Thefinal phaseof our work hasbeento extendthe internallanguageandthe surroundingtools from
�����

(version
1) to

����� �
(version2).

����� �
extends

�����
in two majorways: HTN operatorscanbeused,andsortconstraints

canbeput on eachlevel of thesorthierarchymeaningthatobjectsof a primitivesort inherit all theconstraintsup the
hierarchy. Thismodellingapproachis beingtestedusinga large‘Translog’domainimportedfrom a transportlogistic
domainconstructedby membersof theUniversityof Maryland.

Theprioritiesfor futuredevelopmentof theHuddersfieldcontributionare:

� Thedevelopmentof asuiteof planningdesignpatternsandtheir integrationwith theGIPO tool;

� Theevolutionof the ������������������� tool into a generalmixed-initiativeplanauthoringtool;

� Integrationof theoperatorinductiontechniqueswith a planauthoringinterfaceso thatoperatorspecifications
canbeinducedandrefinedinteractively.

� The developmentof the
�����

representationlanguageto be on the expressive level of PDDL2.1 (temporal
representations),therebyenablingGIPO to supportthemodellingof temporalplanningdomains.

Research at the University of Salford

Partof thesetof objectivesfor thePLANFORM projectwasto makeAI planningtechnologyaccessibleto non-experts.
In pursuit of this objective, work at Salford was basedon the idea of the KnowledgeLevel [25] and Models of
Expertise[6] asarticulatedovermany yearsin theKBS community, in which theproblemlevel is modelledseparately
from thedesignlevel. Researchin KBS technologyhasshown thatsupportfor domainexpertsis feasibleif it is based
on thegenerictaskconcept[7], andmuchearlierwork hasbeencarriedout roundthegenerictaskof diagnosis[24].

2Thiswork wasprimarily work undertaken in conjunctionwith aPhDstudent
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Oddly, little of this hasbeenappliedto AI Planning. The basicidea is that a generictask incorporatesa skeletal
modelat theknowledge-level which canthenbeusedto directa computer-basedknowledgeacquisitionprocesswith
a domainexpert.

Thus,to supportdomainexperts,it wasseenasnecessaryto build a knowledge-level tool aspartof the PLANFORM

environment,incorporatinggenerictaskcomponentsfor planning,andsupportingknowledge-levelconstructionof the
planningdomainratherthanforcing theuseof thedomaindesignlanguage,

�����
, usedinternally. However sucha

tool would necessarilylink to the
�����

GIPO tools beingdevelopedat Huddersfield(seeFigure1) andthusoutput�����
, soit wasthereforevital to understandhow planningproblemswouldberepresentedin

�����
. A stronglink with

Huddersfieldwasbuilt throughmodellingactivity in which theobjective wasto understandthis mappingandderive
someconstraintson theknowledge-level interface,which wasorientedtowardsuserswith no AI planningknowledge
but with expertisein a particularplanningdomain. A numberof domainsweremodelledincluding the multi-robot
Drumstorefrom earlierwork at Salford.

Planningontologieswereidentifiedasa key foundationfor sucha knowledge-level tool, andthemeansby which the
skeletonmodelmentionedabovecouldbeembodied.A survey of work in thefield wascarriedout andthepossibility
of incorporatingan existing ontology suchas CYC( http://www.cyc.com/cyc-2-1/cover.html.) was investigatedbut
limited timedid not allow its use.

The third componentresearchedasthe basisfor a knowledge-level tool wasthe requirementsof the domainexpert,
andhereanaccessibledomainwasformulated(EVENTUS –arrangingaweekendoutingfor avisiting researcher)anda
knowledgeacquisitionexercisewascarriedoutwith four people.Theexercisewasrepeatedwith therobotDrumstore
problem. Datawasanalysedfor conceptcoverageandfor interfacedesignissues,looking at the processa human
expertgoesthroughin conceptualisingthedomain.Thedetailsof this processaredescribedin [2].

The KA tool was constructedin Java, and in its first versionsupportedpassive model constructionby the expert
with supportfrom a smallhand-codedontologyfor thedomainsalreadyinvestigated.In its secondversion,anactive
question-drivenprocesswasaddedbasedon thekey planningconceptsof Task,AgentandObject[5].

The methodologyembodiestwo successive extraction-refinementprocesses:protocol to problemspecification;and
problem-specificationto conceptualisation.A partof theKOD (KnowledgeOrientedDesign)method[30] wasapplied
to obtainanaccurateprocessfor knowledgeacquisitionandto build theconceptualmodelthrougha setof examples
andscenarios.

The outputof the KA-Tool is
�����

, which canthenbe loadedinto the GIPO tool createdat Huddersfield.By the
formal endof theproject,it waspossibleto generatetheworld modelin

�����
, andsincethenit hasbecomepossible

to generateplanningoperators,seenby mostpeopleasa key problemin formulatinga planningdomaindescription.
In the26monthsof theproject,it wasnotpossibleto carryoutany extensiveevaluationprogramme,but it is proposed
to carryonwith thework for a limited periodinformally with this asthekey task.

Themodellingexerciseenabledthedevelopmentof stronglinks with Huddersfield,wherefrequent(almostweekly)
visits weremadeat somepoints.A two-weekvisit to Durhamwasalsoorganisedto strengthenunderstandingof the
requirementsof thegenerativeplanningback-end.

Furtherdevelopmentof theKA-Tool is still beingcarriedout in house,with thegenerationof PlanningOperatorsnow
possible.If sufficient resourcescanbefound,thenext stepswould include:

� Incorporationof a largeontology, suchasCYC, into theKA tool;
� Integrationof Durham’sgenerictypesinto thisontology;
� Full integrationof theKA tool with GIPO.

Two publicationsweregeneratedjointly with theHuddersfieldteam(Simpsonet al 2001a,2001b)andtwo moreby
theSalfordteamon theirown [4] and[2]. Onefurtherpaperis underreview [3] anda journalarticleis in preparation.

Research at the University of Durham

The Durhamcontribution to PLANFORM focussedon the developmentof plannerconfigurationtechnology. The
objectivewasto developtechniquesby which,givena domainmodelelicitedfrom a user, plannercomponentssuited
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to thedomaincouldbeautomaticallyidentifiedandconfiguredinto apurpose-built planningsystem.Ourapproachhas
beento maintaina library of plannercomponents,including heuristics,specialisedsolutionstrategiesandproblem-
specificcontrolrules,andto accesstheseby meansof pattern-matchingtechniquesoncepatternshavebeenidentified
in thedomainmodel.

Thetechniquesusedto identify domainpatternsarebasedon staticdomainanalysisalgorithmsdevelopedat Durham
prior to thestartof the PLANFORM project[8]. Theobjective in theprojectwasto extendthesealgorithmsto enable
the recognitionof generic typesand associatedpatternsof behaviour in planningdomains,and to associatethese
genericpatternswith specialpurposesolutionstrategies[14, 13, 16]. Briefly, a generictype is a collectionof types
sharingsomefundamentalbehaviour. For example,thegenerictypeof mobility containsall typesof objectsthatare
capableof movementwhile thegenerictypeof constructioncontainsall typesthatarecapableof beingcombinedinto
compounds(andsubsequentlyrecoveredby destructionof thecompound).

Whena generictype is presentits associatedpatternsof behaviour arepresentandthesecanbeusedboth to assista
domaindesignerin refiningthemodelandto suggestappropriatesolutionapproaches.

The analysistechniquesdevelopedat Durhamcan identify certainkey generictypesandassociatedpatterns. For
example,the patternassociatedwith mobility comprisesthe mobile types,their mapsandthe predicatethat defines
locatednessof a mobile object on its map. A specificproblemassociatedwith mobility is route-planning,and a
specialpurposesolution strategy suitedto this problemcan be to exploit travelling salemanheuristics. We were
able to automatethe configurationof plannerswith specialisedroute-planningcapabilitiesenablingroute-planning
sub-problemsto behandledusingspecialisedapproachesinsteadof by search[9, 13, 10].

Thefollowing softwarewasdevelopedat Durhamaspartof thePLANFORM project:

� Versions4 and5 of the STAN planningsystem.STAN [9, 10] performsgenerictype analysisandconfiguresa
specialpurposeplannersuitedto theassociatedgenericpatterns;

� Extensionsto TIM [8, 15] to recognisea rangeof generictypesin a domainmodel;

� TheTIM API providingaccessto thegenerictypeanalysesperformedby theTIM system,enablingtheirexploita-
tion by otherplanningsystems.TheAPI is beingexploitedby otherresearchersin theinternationalcommunity;

� The OODL domainmodellinglanguage,supportingtheconstructionof domainsaroundgenerictypes,andas-
sociateddomainmodellingtool DRAUGHTSMAN. Theseweredevelopedby anMSc studentandcontributedto
ourcollaborationwith Huddersfieldon theGIPO tool.

In thescopeof theprojecta numberof othergenerictypeshave beenidentified(for example,construction,resource-
allocation,portability andothers)andassociatedwith specialisedsolutionstrategies. Theconfigurationproblembe-
comescomplex whenseveralgenericpatternsco-occurandtheir solutionstrategiesmustbe integrated,andwe have
notcompletedthework requiredto supportarbitrarilycomplex patternsof integration.Wehave,however, categorised
the forms of integration that needto be handledandmadeprogresswith configurationsbasedon several of these
categories[17, 11, 9].

The library containsstoredparametrizedsolution strategies (suchas travelling salesmansolvers, multi-processor
schedulingheuristicsetc) appropriatefor sub-problemsthat commonlyarisein planningdomains. We do not try
to guaranteecompletecoverageof all suchsub-problems– theconfigurationsystemdefaultsto searchif no generic
typesor suitablelibrary componentscanbefound.At presentthelibrary containsonly onesolutionstrategy periden-
tified generictype, so extractionof a suitablestategy is simple. In generalthe extractionproblemis moredifficult
becausetheremay be different forms in which genericpatternsariseandthesemight needto be matchedin some
intelligentway againstthe library. We have not exploredthis issuein the scopeof PLANFORM. A recentextension
we have madeto thelibrary is theadditionof generalisedcontrol ruleswhich canbeselectedandinstantiatedto fit a
specificproblemdomain[23].

Most recentlyour work in theseareashasconsideredthe useof genericpatternsas a basisfor the development
of planning designpatterns. Using these,a domainconstructiontool can prompt the userfor the componentsof
genericpatternsin a way thatmakesit simplefor theuserto enterthat information. Initial work on a tool capableof
supportingthis ideawasdoneby anMSc student[29] who wastemporarilyemployedon the PLANFORM projectat
Durham.Thework wascontinuedin collaborationwith theHuddersfieldsitewhich hasfocussedon thedevelopment
of tool support[26].
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Theplannerconfigurationapproachhasbeentestedby enteringahybridplanningsystem,STAN version4, into thein-
ternationalplanningcompetitionin 2000.STAN 4 canautomaticallydetectmobility andresource-dependencepatterns
in planningdomainsandcanextractroute-planningandresource-allocationstrategiesfrom its library. Selectedstrate-
giesareintegrated,by meansof a simpleconstraint-basedinterface,to a forward-search-basedplanner[10]. STAN

4 wasoneof the prize-winningsystems,selectedfor the promiseit showedin utilizing novel approachesto solving
complex planningproblems.Its planqualitywasgenerallysuperiorto thatproducedby theothercompetingsystems.

Work remainsto be doneon increasingthe sophisticationof the integrationtechniquesthat supportcoordinationof
differentspecialisedsolutionstrategieswithin theoverall framework. An importantaspectof makingtheconfiguration
toolsavailableto thegeneralplanningcommunityis to provide a cleanmeansof accessto the library, patternrecog-
nition techniquesandplannerinterface.A priority for futuredevelopmentis to supplyanAPI to thesuiteof toolswe
have,whichotherplanningsystemscouldexploit. Althoughwemadeprogresswith thedesignandimplementationof
suchanAPI wedid not completeits implementationandit remainsa topic for futurework.

Overall Conclusions

ThePLANFORM projectsetout to constructanopenenvironmentfor plannerdevelopment,bringingknowledgeacqui-
sition tools,domainconstructiontools,modellinglanguagesandplannerconfigurationcomponentsinto anintegrated
organisationmakingplanningaccessibleto thenon-specialist.

The domainconstructiontool developedat HuddersfieldproducesPDDL domaindescriptionsproviding a simple
connectionto theplannerconfigurationarchitecturedevelopedatDurham.Theknowledgeacquisitiontoolsdeveloped
atSalfordassistauserin confrontingthetaskof domainconstructionthroughtheGIPO tool. At thisstageit is possible
for a naive userto follow the entire processof modelling, andplanningwith, a specificproblemdomainwithout
requiringdetailedknowledgeof any internal representationlanguage(

�����
or PDDL). The level of abstractionat

whichsuchausercanwork within theenvironmentwill befurtherraisedwhentheimplementationof designpatterns,
asa guidingprinciplein themodellingprocess,is completed.

More time andwork is necessaryto evaluatethe environmentin termsof how successfulit is at makingplanning
accessibleto thenon-expert.Thereareseveralkey aspectsof theenvironmentthatrequireevaluation:

� Theextent to which theobject-orientedapproachto modellingamelioratesthemodellingtaskfor theplanning
nonspecialist;

� Theextentto which designpatternscanfurtheramelioratethis effort;

� The extent to which the proposedknowledgeacquisitiontechniquescancapturethe modelling intentionsof
theuser, andhow transparentthe environmentcanmake theprocessof iteratingover the modellingtaskuntil
effectivecaptureis achieved.

Thelastof theseconcernstheissueof how to provideusefulfeedbackto theuserwhenthemodellingprocessfails to
resultin aconsistentmodel(dueto missing,or conflicting,information).Without a consistentdomainmodeltheplan
configurationtoolscandonothingusefulandit is thereforedesirablethattheuserbeableto developacorrectdomain
modelincrementally. Webelievethis is oneof themostinterestingtechnicalchallengesfacingthePLANFORM project
at thisstage.
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