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Abstract: Teachingof knowledge-intensie Al is particularlyhardasthe process
of how knowledgeis acquireds difficult to graspwithout practicalexperience Ac-
quiring andusingknowledgeaboutactions gvents processeis especiallydifficult
becaus®f the temporalnatureof the subjectmatter In this paperwe reporton a
tool calledGIPO thathasbeenusedfor teachingAl studentghe areasof knowl-
edgeacquisition knowledgeengineeringautomateglanningandmachineearn-
ing. We give a shortwalkthroughof someof GIPO’s functions,indicatingsome
of thelearningopportunitieffered. We thencompareGIPOwith otherinterfaces
usedin thecomputingcurriculum.We aguethatusinga high level integratedtool
suchasGIPOfor supportingeachingandlearningimprovesthe studentsiearning
experienceandhelpsintegratethetheoryandpracticein arangeof Al andrelated
subjectareas.

1 Intr oduction

The teachingof knowledge-intensie Al is difficult both from a theoreticaland
practicalperspectie, becausef the peculiarproblemsto do with acquiringand
crafting knowledgebases.The processof how knowledgeis acquiredis not easy
for a studentto graspwithout practicalexperienceof the process.As is the case
with programmingand design,it seemshat a tools ervironmentthat allows the
studentto effectively apply the theoryin a practicalscenarios desirable. From
our experience a usefultool to helpin the teachingof Al within the computing
curriculumshould:

e connectarangeof theorytaughtduringlectureswith the applicationof the
theoryduringpracticalclassesit shouldsupportawide rangeof thecurricu-
lum, asthestudenthasnotthetime to learnto usemary tools

e integrateAl with othersubjectareagaughtat advancedundegraduatdevel
in computing



e beassimpleaspossibleto use,having a familiar look andfeel, but alsobe
effective in allowing the studentto producenon-trivial implementation®f
Al

Traditionally Al hasbeentaughtwithin practicalsessiondy the introductionof

declaratre programminganguagesuchasProlog,Lisp andHaslell. While this

satisfiesthe first two points, it is not easyto lead studentsto build or integrate
adwancedAl functionsfrom thebasisof aprogrammindanguageThetutorwould

implementAl algorithmsto exposetheirworkings,but knovledgeintensve issues
suchasdomainmodellingwould be harderto illustrate.

In this paperwe reporton a tool called GIPO that hasbeenusedfor teaching
Al studentsknowledgeengineeringor Al Planningfor a numberof years. We

amgue that GIPO meetsthe criteria setout above and helps studentsunderstand
andintegrateaspect®f knowledgeacquisition knowledgeengineeringautomated
planningandmachindearning.We shav how thetool’s featuresupportgeaching
andthe students learningexperience andhelpsintegratethe theoryandpractice
in arangeof Al andrelatedsubjectareas.

1.1 History and Overview of GIPO

GIPO! the’Graphicallnterfacefor Planningwith Objects’[12] (pronouncedeePo)
is the nameof a family of experimentatools ervironmentsfor building planning
domainmodels,providing help for thoseinvolved in knowledgeacquisition,do-
main modelling,taskdescription plan generatiorandplan execution. GIPOwas
anoutputof the PLANFORM project[10], andhasbeendemonstrateth several
major Al conferencedpr exampleatECP’01in Toledo,Spain,atICAPS’03con-
ferencen Trento,ltaly, andatEKAW’04 in the UK. It wasusedn thetutorialtrack
atAl-2003in Decembef003at Cambridgeandis beingenteredo theICAPS’05
knowledgeengineeringompetitionatMonterg, USA in June2005. Two versions
of GIPO- GIPO1 andGIPOII - areavailablefor downloadingfrom the website,
andnew versionsarecurrentlybeingproduced.

GIPO integratesa rangeof planningtools to help the userexplore the domain
encoding.anddeterminethe kind of plannerthat may be suitableto usewith the
domain.In particularit has:

http://scom.hud.ac.uk/planform/gipo



1) graphicaltools andvisual aids for the input/displayof objects,objectclasses
(sorts),predicatesgonstraintsstatespperatoischemaandtasks.Therearefamil-
iar pointandclick, draganddropfunctionsto helptheuserbuild up anenvy domain
or reuseexisting components.

2) validationchecksfor consisteng acrosgpartsof the developingdomainmodel.
Onceoperatorscheméaave beendevelopedGIPOfeaturesa ’plan stepperwhich
helpstheuserbuild uptheirown solutiongo problemsn akind of ‘'mix ed-initiative’
mode.

3) residentplan generatiorenginesandan API for pluggingin to third party Al

plannersA plananimator visualiserdisplaysa planners solutionto a problemin
termsof the objectswhich are effectedby the plan. This canbe steppedhrough
by theuserto seethe effectsof operatorsn objectsandtheir properties.

A key designgoalin building thetool’s interfacehasbeento allow the creationof

a specificatiorin termsof imageshatdescribedomainstructureat a high level of

generality Thetool takescareof the detail of the syntaxof the underlyingspeci-
fication,makingit impossibleto constructa syntacticallyill-formed specification.
Theprocesof domainmodeldevelopmenbnwhichthisis baseds detailedin the

literature,seereference$6, 5] for moredetails.

In the next sectionwe give a short walkthroughof someof GIPO’s functions,
indicatingsomeof thelearningopportunitie®ffered. We thencompareGIPOwith
otherinterfacesandtools usedin the computingcurriculum- the B-tool, Proteye
andPetriNets.

2 GIPO Walkthr ough
We have foundit usefulto presenthestudentwith two pathsthroughthe material:

e anonlinetutorial on how to constructdomains:the students led througha
stagednethodof domaindevelopment

e analysisandexecutionof a’'ready-cookd’ domainmodel:this way the stu-
dentcanat an early stageseethe resultof domainbuilding - beingableto
bind the modelwith a plannerof choiceand being ableto solvwe planning
problems.
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We sketchthe main stepsthat the studentis led throughwhenusing GIPO’s on-

line tutorials. This follows a simple knowledge formulation methoduseful for

building up structuredpolanningdomainmodels[6]. The centralconceptiornused
to raisethe level of abstractiorin domaincaptureis that planningessentiallyin-

volveschangingpropertiesandrelationship®of theobjectsthatinhabitthedomain.
This appealgo computingstudentsintuition andis consistentvith their studies
in object-orientegprogramminganddesign. Knowledgeis structuredaroundob-

ject descriptionstheir relationshipsand the changeghey undego asa resultof

the applicationof operatorsduring plan execution(in contrastto the traditional
literal-basedpproachusedin PlanninganguagesuchasPDDL [3]). Thestudent
identifiesthe kinds of objectsthat characteriseéhe domain,and organisesthem
arounddistinctcollectionsof objectswhich we call sorts into a hierarchy Object
instancedor eachsortareidentified. Eachobjectinstancein a sortis assumedo

have identicalbehaiour to ary otherobjectin the sort. To assistin this element
of the conceptualisatioGIPO provides a visual tree editor (Figure 1). Domain
checkingatthisinitial stagenvolvesenforcingthetreestructureandrequiringthat
nodenamegfor sortsandobjects)areunique.

Thestudendescribeshe sortsby identifying predicateshatcharacteris¢éheprop-
ertiesof atypical objectof eachsortandrelationshipghathold betweerobjects.
We provide an editorto definepredicatedy a procesf draganddrop from the



sorttreepreviously defined. Sortsare static or dynamicdependingon whetheror

not objectsin that sort are affectedby actionsduring plan execution(ie change
state). Next the studentspecifiesthe constraintson dynamicobjects/sorts.This

is doneprimarily by characterisingachvalid stateof an objectof eachdynamic
sort. Typically eachmemberof asortmaybein only onestateatary time,andthat
during plan executionthe objectgoesthroughtransitionswhich changeits state.
A substateof anobject(calledhere’substateto distinguishit from a stateof the

world, which is formedfrom a collectionof substatesijs the setof all properties
andrelationsreferringto thatobjectthataretrue.

For eachsorts, the studentusesGIPO to encodestateconstraintsy specifying
all the sensiblanterpretation®f predicateslescribings. The substatedefinitions
derivedfrom this processpecifythepossibleHerbrandnterpretationsletermined
by consideringhedomainandits constraints Theseform the basisof muchof the
staticvalidity checkghatcanbecarriedoutonthecompletediomainspecification.
For example,it the sortis 'door’, andpredicatesareclosed locked andunlocled,
thenthe studentwould usethe tool to statethatthe only possibleinterpretations
thatcanbetrueare:

lockedandclosed;
unlockedandopen;
unlocked andclosed

Any other combinations(eg openand locked; or locked, closedand open)are
excluded. The problemof forming a substatalefinition of a dynamicsortis more
complex whentherearerelationalpredicateseferringto thatsortandpossiblyto
otherdynamicsortsaswell. Thecollectionof all suchsubstate$or the objectwill
be suchthatat ary instancein time exactly one suchsubstatedescriptionwill be
true of theobject.

The studentusegthe editorillustratedin Figure2 to constructsubstatealefinitions.
For eachobjectsort, predicatesare selectedfrom the predefinedist) will char
acterisea single substate.The processds repeateduntil all possiblesubstate$or
the sort are defined. The possibleunificationsof variablesof the samesort or
betweenvariablesbelongingto the samepathin the sorttreehierarchycanbere-
strictedusing a visual indication of possiblyunifying variablesas shavn in the
figure. The studentselectsfrom a popupmenuhow an individual variableis to
unify with a tamget variableandif the decisionis thatthey mustbe distinctthen
anot_equalsclauseis generatedThis stratgy for dealingwith the unificationof
variablesis penasie in the GIPOtool set. The examplein the figurein from the
famous'Blocks World’ whereone possiblestateof a block is thatit is clear and
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thatit standson anothemlock. Specifyinga setof Herbrandinterpretationsvith
theexpressiorclear(Blok) A on(Blod, Blok) is notadequateaswe assumehat
ary instantiationof a substatalefinitionformsavalid groundsubstateWe require
clear(Blok) A on(Blod, Other) A Blodk # Other usingthe normalcorventions
for theunificationof parameters.

At this stagevalidity checkscan be madeto ensurethat all dynamicpredicates
appeaiin onesubstatalefinition. If a predicatds dynamicthenit mustappeatn
at leastone of the substatalefinitionsfor atleastoneof the sortsit refersto. On
theotherhand,if it appearsn a definitionfor morethanonesortthe engineemill
be warnedthat the formulation may containredundaninformation as discussed
above. This shouldprovide the studentwith aninitial view asto the adequag of
herselectiorof predicateso characteriséhechangeshattheobjectsn thedomain
undego.

2.1 Capturing Domain Operators

Thenext stageof theknowledgeacquisitionrmethod andmostdifficult taskfor the
student,is to specify operatorgepresentinglomainactions. Operatoran GIPO

areconceptualisedssetsof parameterisedbjecttransitions. HS= RHS where
the LHS andRHS aresubstateclasseghe sort of the objectparameterAn object
transitioncan have differentmodalitiesin an operator- normallyit is necessary
which meansthe LHS is a preconditionof the operator and after the operatoris

executedheobjectaffectedwill bein thesituationspecifiedby afully instantiated



RHS

The GIPO operatoreditorhelpsthe studentreatea graphrepresentationf anop-
eratorwherethe nodesarethe LHS and RHS statesof the objectsortsinvolved
in the operator Eachsuchnodecontainsan editablestatedefinition. While the
useof the 'OperatorEditor’ is adequatdo defineoperators studentshave diffi-
culty primarily dueto the possibleco-designatiomf variablesacrosshe different
nodespresentedo the user(althoughthe underliningandright click mechanism
describedn the stateeditoris used).Usingthis manualoperatottool illustratesto
thestudenthedifficulty of knovledgeformulation,particularlyto dowith actions.

A semi-automatekinovledgeacquisitiortool in GIPQis 'OpMaker[7]: thishelps
theuserto createanoperatorsetsimply by providing examplesolutionsequences.
The exerciseillustratessomeof the conceptof 'Learningfrom Examples'in ma-
chinelearning- in particularinductive generalisation.

To help explain OpMalker, we usea popularplanningapplicationthatis supplied
with GIPO- the’Lazy Hikers’domain.Two people(hikers)go hiking anddriving

aroundregionsof the Lake District, with objectssuchastents,cars, regions and
actionssuchasputdown,load, getin, getout,drive, unload, putup,walk, sleepin-
tent They doone’leg’ of alongcirculartrackeachday, asthey gettired andhave

to sleepin their tentto recover for thenext leg. Their equipmentis heay, sothey

have two carswhich canbeusedto carrytheirtentandthemselesto the start/end
of aleg. To useOpMaler, the studentmustfirst createa 'partial’ domainmodel,
containingobjects,sorts, predicatesand stateinvariantsdescribingthe problem
domain. The studentthenconstructqvia a draganddrop processha solutionto a

pre-definedask- for instancethefollowing is a solutionto the taskof doingone
leg of thecirculartrackandbeingreadyfor thenext leg in themorning:

putdown tentl fred kesw ck;

|load fred tentl carl keswi ck;
getin sue keswi ck car1l;

drive sue carl keswi ck butternere;
getout sue butternere carl;

unl oad sue tentl carl butternere;
putup tentl sue butternere;

getin sue butternere carl,;

drive sue carl butternere kesw ck;
getout sue kesw ck car1;

wal k sue fred kesw ck butternmnere;
sl eepintent sue fred tentl butternere



Thestudents encouragetb think of eachactionin termsof asentencelescribing
whathappensFor examplein thelastactionwethink of thisas’'Sueandfred sleep
in theirtentin Buttermere’.Each‘action’ consistof anactionidentifierfollowed
by a sequencef objectsthatthe actiondepend®n or changes.

Fromtheinput of a plan suchasthe exampleabove, anda partial domainmodel,

afull operatorsetcanbeinducedwith thetool. After OpMaler hasproducedhe

setof inducedoperatorsanothetearningopportunityfor thestudenis to compare
this setwith thehandcraftegetsuppliedwith GIPO.

Fromthis stagein processthe studentearns:
1) thedifficulty in acquiringknowledgeaboutactions

2) how using machinelearningtechniquesone can potentially avoid the needto
handcraftactionknowledge

3) the problemsandlimitations of learningfrom examplesto do with corvergence
of generalisationgheneedfor knovledgerefinemenandtheimportanceof 'good’
examplesn learning.

Theconstructiorof operatorprovidesagoodopportunityto compareheplanning
modelwith work in formal specificationof software. For example,mary of our
studentsusedthe 'B-tool’ to createsoftware specifications. The pre- and post-
conditionversionof a GIPO operatorand an operationspecifiedin B have great
similaritiesasthey both specify deterministic,instantaneouactionsin termsof
predicatedescriptions.

2.2 Domain Validation Toolsin GIPO

Continuingthe analogywith formal specificatiorof software,oncethestudenthas
built upaninitial modelof theworld it is naturalto wantto validateit. Asin formal
specificationthis splitsinto two kindsof validation:

Type 1. checkingthe modelfor inconsistenciebetweercomponenparts
Type 2. checkingthe models accurag with respecto whatis beingmodelled.

With tools suchasGIPO,’local’ consisteng checkson nameuniquenesandhi-
erarchydefinition are automaticwhenthesecomponentsare being built. Addi-
tionally, Type 1 validationincludescheckson global consistencyhroughvarious



formsof 'static’validation.Mosteffective in GIPOarethecheckswvhichverify that
operatordefinitionsdo not compromisehe substatadefinitions. Additionally the
studenthasseveral opportunitiego learnaboutandcarryout’dynamic’validation
of bothTypel and2, using:
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Figure3: The GIPO Stepper

¢ thereadability analysistool: eachsubstatahatis definedfor a sortcanbe
indexedagainstheoperatorshatusethemeitherasconsumersr producers.
Thereachabilityanalysistool revealsto the studentsubstateshat cannotbe
producecandhencecould only ever beusedin theinitial stateof anobject;
andsubstateshat cannotbe consumedand henceform a deadendfor the
developmentof anobject. Thesedeadend substatesreonly usefulin the
developmentof someotherobjector areof thekind specifiedonly in agoal
condition. The reachabilitytool canbe usedin conjunctionwith OpMaler:
it canindicateif the deducedoperatorsgdo not give an adequateoverage.
This is shawn by the existenceof definedstatesthat are not referencedy
ary operators.

e the manualstepper the studentcan dynamicallychecka domainis ade-
guatelyspecifiedagainsia setof problemsby usingthemanualstepperThe
studentusesdraganddropto selectoperatorsandpop-upmenusto instan-
tiate them, effectively attemptingto solwe their own planningproblemsus-
ing the model. Eachoperatoris appliedin the currentstateto generatehe



consequenstate. The studentproceedsn this mannerto verify thatthe do-

mainandoperatomefinitionsdo supportheknown plansfor givenproblems
within the domain. The steppeioperatesasa manualforward planner with

resultsof eachobjecttransitioncausedy anoperatoshavn graphically(see
Figure3).

e running planningengines:the studentcan, of course,executeone of the
suppliedplannerswithin GIPO on specifiedtasks. Suchis the intractable
natureof planningproblemsthat his hasto be carefully controlledby the
tutor and GIPO. Dependingon the planner/ task combinationchosen the
solution may not be found for a good period of time. GIPO hasits own
planningengines,but third party plannersare easyto integrate (we often
usethe FF[4] planer which wasa pastwinnerof the InternationaPlanning
Competition). After a plannerhasreturneda solution, the studentcanstep
throughthe solutionusing GIPO'’s animatortool. This takesthe resultsof
a plannerand producesa graphicalrepresentatiomnf the objecttransitions
usingthe samelayoutasthe stepper

We have outlinedthe maincomponentsf GIPOabore - moredetailscanbefound

in theAl Planningliteraturee.g [7]. Theoverallarchitecturef the GIPOis shavn

in Figure4. At the heartof GIPO s an objectcentredinternalrepresentatiof

domains(asshavn in the figure in the Internal Representatioibox). To enable
GIPOto beusedasageneradomainmodellingtool we have developedtranslators
betweerourinternallanguagendthe planningdomainlanguagePDDL [11]. The

API enablesxternal planningsystemdo interfaceto the tools, to provide scope
for testingandfielding alternatve planningalgorithmsto thoseinternalto GIPO.

3 UsingGIPO in Teachingand Learning

GIPOhasbeenusedin theteachingof intermediateandfinal yearundegraduates,
in bothintroductoryandadwancedAl modules.It offersa wide rangeof learning
opportunitiesn Al, throughknowledgeacquisition knovledgeformulation,vali-
dationandmaintenancef domainmodels,inductive learningandautomateglan
generation.Although numbersof studentgroups(typically 15-20)aretoo small
to make ary statisticalclaims, anecdotallyGIPO seemdo help studentsseemto
integrate Al knowledgelearnedin lectures,andto reacha deeperevel of under
standingof 'dry’ subjectmatteron saythe acquisitionof knowledge.
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Studentsare supportedby anonline threeparttutorial, which introduceshemto
the subjectmatterin a stepby stepfashion,by leadingthemto develop a simple
exampledomainmodel. Part oneof thetutorialintroduceghe’flat’ model,where
operatorsare primitive andseparate Part two introducesa hierarchicaimodelof
planoperatorsyhich amountdo a principledapproactio HTN planning.Finally
partthreeintroducegsheOpMalker operatoitearningmethod.Whereaghetutorials
leadthe studenthroughthefeatureamethodically for learningaboutspecificfea-
turesGIPO hasanonline, hyperlinked usermanual. For thosestudentsvho need

Figure4: ArchitecturalBreakdaevn of GIPO

to dig deeper(for examplefinal yearprojectstudents)GIPO alsohasa language
manualwhich defineshe underlyingknowledgerepresentatiolanguage.
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4 Comparisonwith other specification/modellingtoolsused
in IT Teaching

It is commonnow for undegraduatestudentgo be expectedo understanénduse
awide rangeof GUI toolsfor constructingprograms designsand specifications.
Herewedescribesomecurrentlyin use(in particularwithin ourown undegraduate
degree)andcompareandcontrasthemwith GIPO.

The B-Toolkit: Aswith Al, theteachingof rigorousspecificatioranddevelopment
of softwareis particularlychallenging.The B-toolkit [1], thoughbuilt andaimed
at commercialapplications hasbeensuccessfullyusedin teachingfor a number
of yearsin our own curriculum. It alleviatesthe onerousaskof constructingand

dischaging proof obligations.The studentcanunderstandhe needfor suchrigor

andview theeffectsof suchprooftoolswith respecto uncoveringandidentifying

errors withouttheneedfor themto producehandproofsthemseles. As mentioned
above, state-basesoftwarespecificatiodanguagesave mary featuresn common
with ’classical’ Al planningdomainlanguagesThesesharedeaturesare usedto

provide usefulanalogiego the studentjn particular:

e theconcepif a’state’

¢ theneedto construcbperatorsn termsof pre-andpost-conditionandstate
transitions

e theunderlyingassumptionsf default persistencandthe’closedworld’

e theuseof invariantsto helpin validationandmodeldocumentation.

Of coursethe objectivesof bothtoolsaredifferent- oneto rigorouslydevelopsoft-
ware,theotherto developanapplicationthatsolvesplanningproblems.n general
the B-tool allows the userto input more precisedetailsof a domain,andis more
meticulousat uncovering errors. On the other hand, GIPO’s rangeof dynamic
tools (the stepperandthe useof plan generatorspive it an extra dimensionthat
both stimulatesstudentsand allows more scrutiry of the domainmodelcompo-
nents.Onecansimulateoperatorexecutionusingthe B-tool (andhencethis gives
aprimitive planstepper)but not plangeneratioraswith GIPO.

Protege-2000 Protege[2] is a well establishednowvledgeacquisitiontool which
aidstheuserin building updomainmodelsin descriptioriogic. As with theB-tool,
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it is notdesignedriginally for usein teachingandlearning,but it hasmary fea-
tureswhichmake it usableby 'non-experts’. Ourfinal yearundegraduatestudents
areexposedo it in amoduleentitled"The SemantidVeb”. Protayeis quiteagen-
eraltool: herewe usedit to build up ontologieswritten in the OWL languagq9].
Its interfaceis similarin somewaysto GIPO- theusualarrayof GUI featurescan
be usedto build up objecthierarchiesandinput propositionsandclassconstraints.
Protege hasmary interestingeaturedor thestudent:

¢ thereareonlinetutorialsthatslowly build up a student knowledgeof rele-
vantfeatures

e a DL theoremprover suchas RACER canbe hooked up to checkclasses
for consisteng (ie the definition allows at leastone member). Also, class
hierarchiexanbe re-assembledsmore propertiesof the classesareinput.
This relieson the useof subsumptiorto checkwhetheroneclasssubsumes
another

e the OWLViz plugin canbeusedto visualisethe classhierarchyof the devel-
opingDL theory We foundthis featurecrucialfor studentsasafterchang-
ing atheoryandre-runningsubsumptionthe studentcanseeclearlythe nev
classes.

While thereweresimilaritieswith GIPOin theinitial stagef domain(ontology)
acquisition Protege lacked thefacilitiesto 'execute’themodelin ary way. Thisis
notthefault of Proteye, but thefactthat OWL ontologiesarecurrentlycapableof
encodingonly staticknowledge.Studentseemedo find GIPOmoresatisfyingas
they couldbuild, view, validateandthenexecutethemodel. This ability to involve
the modelin somekind of constructie operation(ie plan generationhelpedthe
studentio seewhatthe point of the knovledgeacquisitionprocesswas.

Petri Nets: The PetriNet (PN) hasbeena well-known formalismusedto spec-
ify andanalyseactionsin concurrensystemgandotherrelatedsystemsyincethe
19605. PNsareapopulargraphicahotationusedin teachingasthey arerelatively
easyto understandyet have a formal basis. Additionally thereare online tools
which canbe usedeffectively in practicalsessions Superficially thereare mary
ideasin commonbetweenGIPO’s view of Al Planningand PetriNets: the idea
of a’'token’ in PNsis very similar to an objectinstancePNshave transitions(al-
thoughPN transitionsare actually morelike instantiatedolanningoperatorghat
parameterisettansitionsusedasthe basisof GIPO’s operators). The main dif-
ferenceshetweenGIPO andPNsarethat (a) PNsareaimedprimarily at require-
mentsmodellingandcapturefor real-timesystemsratherthandomainmodelling
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for Al planning(b) PNsemphasise&xecutionsimulationratherthanjust domain
modelling;(c) 'Places’in PNsdo not mapacrossaturallyto theideaof statesas
parameterisegredicates.

5 Conclusionsand Future Work

In this paperwe have illustratedthe useof the GIPOtool, andshavn how it helps
studentsaipplytheory(suchasin knowvledgerepresentatiorknowledgeacquisition
andformulation)thatthey have learnedduring lectures. Its interfaceand under

lying languageusesthe objectmetaphorsimilar to othertools that studentsuse
in the computingcurriculum. Studentsare ableto useit both to gain experience
of awide rangeof Al topics(knowledgeacquisition,automatedglanning,learn-
ing from examples)andto obtaina deepknowledgeof topicsin theseareas.For

example,a studentmay learn aboutalgorithmsfor learningfrom examples,and
representationfor planningoperators put without applicationthe knowledgeis

somevhatstale.Using GIPOthestudentcanusethe OpMalertool to induceplan-

ning operatorsthusboth sustainingheir knovledgeof theseareasandintegrating
the two together Additionally, we have aguedthat GIPO helpsstudentsseethe

commonalitiedetweenrAl with othersubjectareashelpingthemto integratenen

knowledgewith otherpartsof the curriculum.

We planto furtherwidenthe scopeof the GIPOtool. Two new versionsare cur
rently undegoingalpha-testingindwill beavailableonlineshortly:

e GIPOIIl: thisversionis for domainmodelsthatrequireamuchmoreexpres-
sive representatiofanguagethat a traditional ‘propositional’ form. While
GIPOIIl is basedon the sameobject-centricview of the world asGIPO |
andGIPOll, it allowstheuserto modelcontinuougprocesseandevents(as
well asactions),andallows numericpropertief objectsto be specified.

e ObjectLife History and GenericType interface: this tool forms another
knowledgeacquisitioninputinto thetool (in the sameway asOpMaler). It
allowsthestudento enteradiagramrecordingthetransitionsof objects,and
automaticallycreatedomainoperatorslt alsoallows the userto re-usepre-
storedobjectpatternghatrepresentypical dynamicobjects. For example,
Lazy Hiking domainobjectbehaiour canbedervedfrom a combinatiorof
genericobjectswe call mobile bistateandportable(see [8] for details).
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