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Project Overview

The PLANFORM projectaimedto develop a high level researctplatform for the systematiaconstructionof planner
domainmodelsandautomaticallyconfiguredplanningalgorithms.

Our objectiveswere,briefly:

To assemblé¢oolswithin anopenervironmentfor the acquisitionandmodellingof planningdomainmodels;

To creatdanguage$or modellingof planningdomainsandto specifycharacteristicef plannerdeadingto the
configurationof purpose-hilt planningengines;

To createatool which synthesisea domainmodelanda planningengineinto a planningapplication;

To evaluatethe approactusingrealisticproblemdomains.

During theproject,theemphasighangedlightly sothatsomeof objectvesdevelopedn adifferentdirection. Rather
than abstractlydefining planningalgorithms,we decidedto createa library of algorithmsandusedomainanalysis
technologyto designandconfigurea planningapplication.We percevedthe knowledg acquisitionbottlene& to bea
significantproblemfor Al Planningandconcentratednoreresourcghanplannedonthis area.
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tition andmodellingof planningapplicationsandthe configurationof planningenginessuitedto thoseapplications.
Althoughtime limitations preventedusfrom completingall aspect®f thefinal integrationandevaluationwe achieved
our mainobjectvesandlaid a strongfoundationfor developmenif the project.

The project consistedof a modelengineeringphaseand a planner engineeringphase Huddersfieldand Salford
collaboratedclosely on modellingand knowledgeacquisitionissues whilst Huddersfieldand Durhamcollaborated
on the developmentof partsof the domainmodellingtools. Durhamworked on the plannerengineeringphaseof the
project.

Reseach at the University of Huddersfield

The Huddersfieldcontribution emphasisetbols creationandintegrationaspect®f the project. Tools for acquisition,
validationanddomainmodellingweredeveloped,in collaborationwith colleaguesat both Salfordand Durham. As
partof this effort theHuddersfieldeamresearchednddevelopeda GUI-basecervironmentcalledci Pol. In addition,
astheinitiatorsof PLANFORM, Huddersfieldperformeda centraladministratve function, producingthe mainexternal
websiteandalsoaninternalwebsitewith additionalresourcesuchasProjectMeetingminutes.NB: in the text below
‘the PLANFORM website'refeis to http://scom.hud.ac.uk/planform

Thefirst phaseof theHuddersfieldcontributionwasconcernedvith applicationsencodingandlanguage development
During this phasethreeapplicationdomainswereusedto explorethe adequag of the modellinglanguage$)C L and
OCLy, [20,19). OCLy is ahierarchicalersionof OC'L enablingthe modellingof planningdomainsashierarchical
taskdecompositionsSalfordand Huddersfieldcollaboratedn this effort with Salfordworking on the modellingof
someexisting domainsusingthe two languages.Huddersfieldtackledthe problemof encodingthe aircraft landing
schedulingproblemsuppliedby Mark Watsonof the National Air Traffic Services.The constraintqe.g. separation
times for eachtype of aircraft) were encodedn OCL[18] and OCL,. OCL; wasfound adequatéor all three
domainsalthoughtheencodingdid demonstratsomerequiredchangesandoverallthepressingieedfor tool support.

Thestandardanguage$or communicatingplanningdomaindescriptionsrethe PDDL variantg1]. In orderto beable
to experimentwith ourdomainmodelsusingexisiting planningtechnologywe thereforecreatedoolsto mapbetween
OCL andpDDL. Thesetoolscontinuedo bedevelopedthroughouthe projectallowing plannersandothertoolsthat
receveinputin PDDL form, to beintegratedinto our ervironment.Therearesomeinterestingechnicalaspect®f the
mappingdiscussedn [27].

Languagemanualsfor OCL and OCL;, were maintainedduring the project[12] andan online help facility was
constructeqseethe PLANFORM website).

Drawing on previous developmentwork (e.g. [19]), we assembledools that automatethe syntacticand semantic
analysisof OC'L domainmodels.Analysesncludeensuringhatinvariantpropertieof themodelaremaintainedand
thatsyntacticrulesareobsened.

The secondphaseof the projectwasconcernedvith developmenbf the GUI andtools ervironment The focuswas
on building and integrating knowledgeacquisitionand modellingtools for Al planninginto an openervironment.
The GUI and someof the tools describedabore werebuilt in Java. Otherswereimplementedn Prologandit was
necessaryo integratethesevia SicstusProlog’s JASPERinterface.

The JavraCupparsergeneratomethodwas usedto representhe syntaxrulesof OCL andto generatea parserfor

the language.This formedthe input tool in GIPO (Graphicalinterfacefor Planningwith Objects). The knowledg

acquisitionpartof thetool wasstructuredusingthe methodoutlinedin earlierwork [20]. Themethodddirecttheuser
to defineobjects,objectsorts, relationsand properties classesand constrainton objectsituations,problemsin the
form of taskspecificationsandfinally operatorsouilt from thesecomponentsThe designof the interfacewasbased
ontheneedto minimisethe useof syntax,anduseobjectratherthanpredicatecentreddeas.

Onceusershave enterechll partsof adomainmodelthey canutilise modellingtoolsto remove bugsandexperiment
with the encoding We createdandadaptedhefollowing tools.

¢ plan stepper This allows the userto pick action schemasand apply themto a state,until a desiredgoal is

Ihttp://helios.hud.ac.uk/pléarm/gipo



¢ internal planningengines this allows our own in-houseplanningenginego be connectedip to GIPO. Sample
taskscanbe executedandtheresultingsolutionsdisplayed.

¢ interfacefor external planningengines This allows externalplanningengineso be ‘bolted’ into the erviron-
ment. The plannerneedsto be ableto input domainmodelsin PDDL (from GIPO), and outputsolutionin a
prescribedormat. Again, theresultingsolutionsaredisplayedhroughciro.

e arandomtaskgenemtor: Thisinputsthe currentdomainmodelandrandomlygeneratesasksto be usedwith a
planner

e an animator. After a domainmodelhasbeenentered andthe planningenginehassolved a taskwithin that
model.theanimatorcanbe usedto trackthe transitionsof eachof the objectswhich startedn theinitial state.

In the third phasejntegration and evaluation thetools outlinedabove wereintegratedinto GIPO [28]. The software
wasrelease@nddemonstratedt ECP’01,andagainatAIPS’02. It is availableon Unix, Linux andWindowsplatforms
fromthePLANFORM website.As aninitial indicationof GIPO’simpact,theHuddersfieldvebsiterecordedl47external
downloadsof the systemin the periodNovember2001- March2002.

Theernvironmenthasbeentestedusingarangeof commondomaingdetailsarein theresourcesectionof thewebsite).
Further GIPO wasusedasateachingool in asecondyearintroductorycoursen Artficial Intelligence.GiPo alleviates
mary userinterfaceproblemsby adoptingan objectmodellingapproactwhich seemsaturalto non-expertusers.To

ameliorategheuseof GIPO by nonspecialistghefollowing issuesvereexplored:

e Theuseof aninductive approactto capturingoperators. The opmaler tool wascreatedvhich outputsa setof
operatorgyivena partialdomainmodelandan examplesolutionsequenc§22, 21].

e Theuseof generictypesto suggesplanningdesignpatterns Theseideasweredevelopedaspartof theDurham
PLANFORM project,andHuddersfields workingin collaborationwith colleaguesit Durhamto integratedesign
patterndnto GIPO [26].

Thefinal phaseof our work hasbeento extendthe internallanguageandthe surroundingools from OCL (version
1) to OCLy, (version2). OCLy, extendsOCL in two majorways: HTN operatorsanbe used,andsortconstraints
canbe puton eachlevel of the sorthierarchymeaningthatobjectsof a primitive sortinherit all the constraintsip the

hierarchy This modellingapproachs beingtestedusingalarge ‘T ranslog’domainimportedfrom a transportogistic

domainconstructedy membersf the University of Maryland.

Theprioritiesfor future developmenbf the Huddersfieldcontribution are:

e Thedevelopmenibf a suiteof planningdesignpatternsandtheir integrationwith the GIPo tool;
e Theevolution of theplanstepper tool into a generamixed-initiative planauthoringtool;

e Integrationof the operatorinductiontechniqueswvith a plan authoringinterfaceso that operatorspecifications
canbeinducedandrefinedinteractvely.

¢ The developmentof the OCL representatiofianguageto be on the expressve level of pbpDL2.1 (temporal
representations)herebyenablingciPo to supportthe modellingof temporalplanningdomains.

Reseach at the University of Salford

Partof the setof objectivesfor the PLANFORM projectwasto make Al planningtechnologyaccessibléo non-eperts.
In pursuit of this objective, work at Salford was basedon the idea of the Knowledge Level [25] and Models of
Expertisg6] asarticulatedover mary yearsin the KBS community in whichthe problemlevel is modelledseparately
from thedesignlevel. Researclin KBS technologyhasshown thatsupportfor domainexpertsis feasibleif it is based
onthegenerictaskconcep{7], andmuchearlierwork hasbeencarriedout roundthe generictaskof diagnosig24].

2Thiswork wasprimarily work undertaknin conjunctionwith a PhDstudent



modelat the knowledge-level which canthenbe usedto directa computerbasedknowledgeacquisitionprocesswith
adomainexpert.

Thus,to supportdomainexperts,it wasseenasnecessaryo build a knowledge-level tool aspart of the PLANFORM
ervironment,incorporatinggenerictaskcomponentsor planning,andsupportingknowledge-level constructiorof the
planningdomainratherthanforcing the useof the domaindesignlanguageOC L, usedinternally. However sucha
tool would necessarilyink to the OC L GIPO tools being developedat HuddersfieldseeFigure 1) and thus output
OCL, soit wasthereforevital to understandhow planningproblemswould berepresenteth OCL. A stronglink with
Huddersfieldwasbuilt throughmodellingactiity in which the objective wasto understandhis mappingandderive
someconstrainton the knowledge-level interface , which wasorientedtowardsuserswith no Al planningknowledge
but with expertisein a particularplanningdomain. A numberof domainswere modelledincluding the multi-robot
Drumstorefrom earlierwork at Salford.

Planningontologieswereidentifiedasa key foundationfor sucha knowledge-level tool, andthe meansby which the
skeletonmodelmentionedabove couldbeembodied A surey of work in thefield wascarriedout andthe possibility
of incorporatingan existing ontology suchas cy c( http://www.cyc.com/g/c-2-1/corer.html.) was investigatedout
limited time did notallow its use.

The third componentresearchea@sthe basisfor a knowledge-lerel tool wasthe requirrmentsof the domainexpert,
andhereanaccessiblelomainwasformulated(EvENTUS —arrangingaweekendoutingfor avisiting researcherganda
knowledgeacquisitionexercisewascarriedoutwith four people.The exercisewasrepeatedvith therobotDrumstore
problem. Datawas analysedfor conceptcoverageandfor interfacedesignissueslooking at the processa human
expertgoesthroughin conceptualisinghe domain.The detailsof this processaredescribedn [2].

The KA tool was constructedn Java, andin its first versionsupportedpassie model constructionby the expert
with supportfrom a smallhand-codedntologyfor the domainsalreadyinvestigatedIn its secondversion,anactive
guestion-divenprocesavasaddedbasedn thekey planningconceptf Task,AgentandObject[5].

The methodologyembodiesgwo successie extraction-refinemenprocessesprotocolto problemspecification;and
problem-specificatioto conceptualisationA partof theKOD (KnowledgeOrientedDesign)method 30] wasapplied
to obtainanaccurateprocesdor knowledgeacquisitionandto build the conceptuamodelthrougha setof examples
andscenarios.

The outputof the KA-Tool is OCL, which canthenbe loadedinto the GIPO tool createdat Huddersfield. By the

formal endof the project,it waspossibleto generatehe world modelin OC L, andsincethenit hasbecomepossible
to generatelanningoperatorsseenby mostpeopleasakey problemin formulatinga planningdomaindescription.
In the 26 monthsof the project,it wasnot possibleto carryoutary extensie evaluationprogrammebut it is proposed
to carryonwith thework for alimited periodinformally with this asthekey task.

The modellingexerciseenabledthe developmentof stronglinks with Huddersfield wherefrequent(almostweekly)
visits weremadeat somepoints. A two-weekvisit to Durhamwasalsoorganisedo strengtherunderstandingf the
requirement®f the generatie planningback-end.

Furtherdevelopmenbf the KA-Tool is still beingcarriedoutin house with thegeneratiorof PlanningOperatorsiow
possible.If sufficientresourceganbefound,thenext stepswouldinclude:

¢ Incorporationof alargeontology suchascyc, into the KA tool;
¢ Integrationof Durhams generictypesinto this ontology;

e Full integrationof the KA tool with GIPo.

Two publicationsweregeneratedointly with the Huddersfieldeam(Simpsonet al 2001a,2001b)andtwo moreby
the Salfordteamon their own [4] and[2]. Onefurtherpaperis underreview [3] andajournalarticleis in preparation.

Reseach at the University of Durham

The Durham contribution to PLANFORM focussedon the developmentof plannerconfigurationtechnology The
objective wasto developtechniquedy which, givenadomainmodelelicited from a user plannercomponentsuited



beento maintaina library of plannercomponentsincluding heuristics specialisedsolution stratgiesand problem-
specificcontrolrules,andto accessheseby meansof pattern-matchingechniquesncepatternshave beenidentified
in thedomainmodel.

Thetechniquegisedto identify domainpatternsarebasedon staticdomainanalysisalgorithmsdevelopedat Durham
prior to the startof the PLANFORM project[8]. The objective in the projectwasto extendthesealgorithmsto enable
the recognitionof generic typesand associategatternsof behaiour in planningdomains,andto associatehese
genericpatternswith specialpurposesolutionstratgyies[14, 13, 16]. Briefly, a generictypeis a collectionof types
sharingsomefundamentabehaiour. For example,the generictype of mobility containsall typesof objectsthatare
capableof movementwhile thegenerictypeof constructioncontainsall typesthatarecapableof beingcombinednto

compoundgandsubsequentlyecoveredby destructionof the compound).

Whena generictype is presenits associategbatternsof behaiour are preseniandthesecanbe usedbothto assista
domaindesignetin refiningthe modelandto suggestppropriatesolutionapproaches.

The analysistechniquedevelopedat Durham canidentify certainkey generictypesand associategatterns. For

example,the patternassociatedvith mobility compriseghe mobile types,their mapsandthe predicatethat defines
locatednes®f a mobile objecton its map. A specific problemassociatedvith mobility is route-planning,and a

specialpurposesolution stratgy suitedto this problemcan be to exploit travelling salemanheuristics. We were
ableto automatethe configurationof plannerswith specialisedroute-planningcapabilitiesenablingroute-planning
sub-problemso be handledusingspecialisedpproachemsteadof by searcH9, 13, 10].

Thefollowing softwarewasdevelopedat Durhamaspartof the PLANFORM project:

e Versions4 and5 of the STAN planningsystem.sTAaN [9, 10] performsgenerictype analysisand configuresa
specialpurposeplannersuitedto the associatedenericpatterns;

e Extensiondo Tim [8, 15 to recognisearangeof generictypesin adomainmodel,

e TheTIM API providing accesso thegeneridtypeanalyseperformedby the Tim systemgenablingtheirexploita-
tion by otherplanningsystemsTheAPI is beingexploited by otherresearcherms theinternationakcommunity;

e The oobL domainmodellinglanguage supportingthe constructionof domainsaroundgenerictypes,andas-
sociateddomainmodellingtool DRAUGHTSMAN. Theseweredevelopedby anMSc studentandcontributedto
our collaborationwith Huddersfieldbn the GIPO tool.

In the scopeof the projecta numberof othergenerictypeshave beenidentified(for example,constructionyesource-
allocation,portability and others)andassociatedvith specialisedsolutionstratgjies. The configurationproblembe-

comescomplex whenseveral genericpatternsco-occurandtheir solutionstratggiesmustbe integrated,andwe have

notcompletedhework requiredto supportarbitrarily comple patternsof integration. We have, however, cateyorised
the forms of integrationthat needto be handledand madeprogresswith configurationsbasedon several of these
categories[17, 11, 9].

The library containsstored parametrizedsolution stratejies (such as travelling salesmarsolvers, multi-processor
schedulingheuristicsetc) appropriatefor sub-problemghat commonlyarisein planningdomains. We do not try
to guaranteeeompletecoverageof all suchsub-problems- the configurationsystemdefaultsto searchf no generic
typesor suitablelibrary componentganbefound. At presenthelibrary containsonly onesolutionstrat@y periden-
tified generictype, so extraction of a suitablestateyy is simple. In generalthe extraction problemis more difficult
becausdheremay be differentformsin which genericpatternsariseand thesemight needto be matchedin some
intelligentway againstthe library. We have not exploredthis issuein the scopeof PLANFORM. A recentextension
we have madeto thelibrary is the additionof generalisedontrol ruleswhich canbe selectecandinstantiatedo fit a
specificproblemdomain[23].

Most recently our work in theseareashas consideredthe use of genericpatternsas a basisfor the development
of planning designpatterns Using these,a domainconstructiontool can promptthe userfor the componentf
genericpatterndgn away thatmakesit simplefor the userto enterthatinformation. Initial work on a tool capableof
supportingthis ideawasdoneby an MSc student29] who wastemporarilyemployed on the PLANFORM projectat
Durham.Thework wascontinuedn collaborationwith the Huddersfieldsite which hasfocussedn thedevelopment
of tool support26].



ternationaplanningcompetitionin 2000.STAN 4 canautomaticallydetectmobility andresource-dependenpatterns
in planningdomainsandcanextractroute-planningandresource-allocatiostratgiesfrom its library. Selectedstrate-
giesareintegrated,by meansof a simple constraint-basedhterface,to a forward-search-basgulanner[10]. STAN

4 wasoneof the prize-winningsystemsselectedor the promiseit shavedin utilizing novel approache$o solving
comple planningproblems.its planquality wasgenerallysuperiorto thatproducedoy the othercompetingsystems.

Work remainsto be doneon increasingthe sophisticatiorof the integrationtechniqueghat supportcoordinationof

differentspecialisedolutionstratgjieswithin theoverallframewnork. An importantaspecbf makingtheconfiguration
tools availableto the generalplanningcommunityis to provide a cleanmeansof accesgo thelibrary, patternrecog-
nition techniquesindplannerinterface.A priority for future developments to supplyan API to the suiteof toolswe

have,which otherplanningsystemsouldexploit. Althoughwe madeprogresswith thedesignandimplementatiorof

suchanAPI we did not completets implementatiorandit remainsatopic for futurework.

Overall Conclusions

ThePLANFORM projectsetoutto constructanopenernvironmentfor plannerdevelopmentpringingknowledgeacqui-
sitiontools,domainconstructiortools, modellinglanguagesndplannerconfigurationcomponentinto anintegrated
organisatiormakingplanningaccessibléo the non-specialist.

The domainconstructiontool developedat HuddersfieldproducesPDDL domaindescriptionsproviding a simple
connectiorto theplannerconfiguratiorarchitecturelevelopedat Durham.Theknowledgeacquisitiontoolsdeveloped
at Salfordassist userin confrontingthetaskof domainconstructiorthroughthe GiPo tool. At this stageit is possible
for a naive userto follow the entire processof modelling, and planningwith, a specific problem domainwithout
requiring detailedknowledgeof ary internalrepresentatiotanguage(OCL or pbDL). The level of abstractiorat
which suchausercanwork within theenvironmentwill befurtherraisedwhentheimplementatiorof designpatterns,
asaguidingprinciplein themodellingprocessis completed.

More time andwork is necessaryo evaluatethe ervironmentin termsof how successfult is at making planning
accessibléo thenon-expert. Thereareseveralkey aspectof theervironmentthatrequireevaluation:

e Theextentto which the object-orientedpproactto modellingameliorateshe modellingtaskfor the planning
nonspecialist;

¢ Theextentto which designpatternscanfurtheramelioratethis effort;

¢ The extentto which the proposedknowledgeacquisitiontechniquescan capturethe modelling intentionsof
the user andhow transparenthe ernvironmentcanmake the procesof iteratingover the modellingtaskuntil
effective captureis achieved.

Thelastof theseconcerngheissueof how to provide usefulfeedbacko the userwhenthe modellingprocesdails to
resultin a consistentnodel(dueto missing,or conflicting,information). Without a consistentiomainmodelthe plan
configuratiorntools cando nothingusefulandit is thereforedesirablehatthe userbe ableto developa correctdomain
modelincrementally We believe thisis oneof themostinterestingechnicalchallengesacingthe PLANFORM project
atthis stage.
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