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Introduction
In the demonstrationwe provide an overview of an exper-
imentalenvironmentfor engineeringandprototypingHTN
planningapplications. In contrastto operationalplanners
which areaimedat solving realproblemsandapplications,
wearetrying to developaplatformthaton theonehandcan
dealwith structurallycomplex domains,but is alsotranspar-
entandportableenoughto beusedfor researchandexper-
imentaluse. Further, we areresearchinginto a wide spec-
trum of plannerdevelopment- theacquisitionandtheengi-
neeringof planningknowledgeaswell asthegenerationof
plans.We introduceGIPO-II, a continuationof thework on
GIPO (McCluskey, Richardson,& Simpson2002). GIPO-
II supportsthebuilding of hierarchicaldomainmodels,en-
codedin OCLh, andincorporatespowerful staticvalidation
techniques.For HTN planningin particular, wehave imple-
mentedasemanticcheckonhierarchically-definedoperators
whichallowsusersto evaluatethetransparencypropertyon
them(McCluskey & Kitchin 1998).To dynamicallytestdo-
mainsGIPO-II hasanAPI for third partyplanners.Wehave
developeda native hierarchicalplannerfor GIPO-II called
HyHTN. This is a new hybrid plannerwhich exploits the
advantagesof state-advancingplannerssuchasSHOP(Nau
et al. 1999)andthe efficiency of classicalforward-search
plannerssuchasFF (Hoffmann2000). GIPO wasfirst re-
leasedin 2001;GIPO-II is plannedfor releasein 2003and
will beavailablefrom thesamewebsite.

Encoding OCLh models with GIPO-II
OCLh is a structured,formal languagefor thecaptureof hi-
erarchical,HTN-likedomains(McCluskey & Kitchin 1998).
As with OCL it is basedon the ideaof engineeringa plan-
ningdomainsothattheuniverseofpotentialstatesofobjects
is definedfirst,beforeoperatordefinition. Thisapproachhas
severaladvantages,not leastthatoperatorschemacanbein-
ducedfrom examples,helpingKnowledgeAcquisition(Mc-
Cluskey, Richardson,& Simpson2002). The fact that
OCL hastraditionally useda differentsyntaxfrom PDDL
is largely irrelevantasGIPO-II insulatesthe userfrom de-
tailed syntax, displaying for example object classhierar-
chiesgraphically. PDDL canbe generatedwhen required
by export tools as demonstratedin reference(McCluskey,
Richardson,& Simpson2002). What is relevantandaddi-
tional to the AIPS-2002versionof PDDL is that OCLh is

objectcentred,anddesignedfor capturingdomainshierar-
chically. Thesekindsof pragmaticadditionsdraw a distinc-
tion betweenlanguagesfor communicatingthephysicsof a
domainanda morenatural,graphicallanguagefor domain
modelling.

A knowledgeengineerusesGIPO-II to encodeanOCLh
domainmodelfirstly by groupingobjectswithin classesun-
dera classhierarchy. Eachclassin thehierarchymayhave
a “behaviour” in the sensethat objectsof that classhave
changeablepropertiesandrelations.An objectmay inherit
behaviour from eachclassabove it in the hierarchy. Thus
in a transportlogistics applicationif an object is a train-
engine,it hasachangeablerelationship‘pulling’ with train-
cars.As it is aphysicalobject,it inheritsachangeableprop-
erty of ‘position’ higherin thehierarchy. Thusobjectshave
changeablestatesat variouslevels of the hierarchy. This
typeof representationis beneficialin knowledge-basedap-
plications,asmoregenericknowledgeis storedat high lev-
elsin thehierarchy.

After inputingan initial specificationof statesusingand
supportedby the GIPO-II tool, the userthen usesthe en-
vironment to specify primitive and hierarchicaloperators
(thelatterwe call methods), via basicGUI toolsor with the
helpof aninductiontool (McCluskey, Richardson,& Simp-
son2002).Operatorsandmethodscontainstatementsabout
transitionsof typicalobjectsof anobjectclass, whereatran-
sitionis writtenLHS � RHS, andspecifiedin variousways,
asfollows:

1. identity transition:this meansanobjectmustbein a cer-
tain (setof) state(s)beforethe operatorcanbe executed
andstaysthat way; this is equivalentto a operator‘pre-
vail’ condition

2. unspecifiedRHStransition:this meansanobjectmustbe
in a certain(setof) state(s)beforetheoperatorcanbeex-
ecutedand it is not specifiedwhat the final stateof the
objectis; this is equivalentto a pre-condition

3. unspecifiedLHS transition:this meansanobjectmustbe
in a certain(setof) state(s)aftera certainpoint in execu-
tion - it is not specifiedwhattheinitial stateof theobject
is; this is equivalentto posingan ‘achieve-goal’ in state
spaceplanning

4. specified,necessarytransition:thismeansanobjectmust
be in a certain(setof) state(s)andgoesthrougha transi-
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tion to a certain(setof) new states;this necessarytransi-
tion� containsbothpre-andpostconditions

5. conditionaltransition: this meansan objectmaybe in a
certain(setof) state(s);if this is thecaseatexecutiontime
thentheobjectgoesthrougha transitionto a certain(set
of) new state(s).

Hencethis abstractionuniformly encompassesgoalcon-
ditions, pre-conditions,necessaryand conditionaleffects;
further, this formulation is ‘hybrid’ in the sensethat it is
usefulfor bothHTN andoperator-basedformulations.Prim-
itive operatorshave the generalform of beinga setof pa-
rameterisedtransitionswhereeachtransitionrefersto one
object. In practicewe limit the scopeof theseoperatorsto
fit in with theplannertechnologyweareusing.OCLh prim-
itive operatorshave transitionsof type1, 4, and5, and are
assumeddeterministic,so thatwhenever theLHSof a tran-
sition is instantiated,the RHSmustspecifya uniquestate
of thatobjectat oneor morelevels in theobjecthierarchy.
Defaultpersistenceworksasfollowsin thisschemefor nec-
essaryand conditionaltransitions: if NO predicatesfrom
somelevel N in thehierarchyappearin theright handside
of atransition,thenthestateat level N persists.If predicates
from level N in thehierarchyappearin theright handsideof
atransition,thenthey mustspecifyauniquesubstateclassat
that level. Methods(hierarchicallydefinedoperators)have
theform:�
Id � Transitions� Statics� Temps� Decomposition�

An examplemethodfrom a transportdomainmodel is as
follows(parametersarein capitalletters):
(carry-direct(P,O,D),

[ (package, P,
[at(P,O), waiting(P), certified(P)] =>
[at(P,D), waiting(P), certified(P)] )]

[is-of-sort(P,package),is-of-sort(T,truck),
in-city(O,CY), in-city(D,CY),
road_route(O,D,R) ],
[before(1,3), before(2,3),
before(3,4), before(4,5)],
[commission(T,P),
achieve((truck,T,[at(T,O)])),
load-package(P,T,O), move(T,O,D,R),
unload-package(P,T,D) ])

Id is thenameandparameterlist of themethod.This con-
tains all the parametersusedin the Transitions. Transi-
tionsmaybeof type2 and/or4 (theexamplecontainsonly
onetransitionof type 4). Decompositioncontainsa list of
methodnamesand/oroperatornamesand/oror ‘achieve-
goals’, andtogetherwith its constraints,forms a tasknet-
work (theexamplecontainsoneachieve-goalandreference
to four primitive operators).Staticsis a list of constraints
onparametersin themethod,andTempsis a list of temporal
constraintson themembersof Decomposition, wherenum-
bern refersto thenthelementin thedecompositionlist.

Methodsrequirea statementof transition(s)of the ob-
ject(s)which arenecessarilychangedfrom onestateto an-
other (in the example above, the packageP is necessar-
ily changed). An HTN operatormay changemany ob-
jects’ statesby its decompositionandexecution,andthefi-
nal statesof objectsmay dependon which decomposition
is chosen(e.g., the initial stateof an object may be un-
known asis thecasefor thetruck T in theexampleabove).

However thereexistsa setof objectswhich arenecessarily
changedto a particularstate,andtheseshouldbe declared
in the ‘Transition’ slot of a method’s definition. GIPO-II
providesstronggraphicalsupportfor theconstructionof op-
eratorandmethoddefinitions.Thecompositionof operators
andmethodsis largelyachievableusingsimpleprocessesof
drag,dropandmenuselection.

Domain Validation
GIPO-II includestools to statically checkthe consistency
of theemerging domainspecification.Somechecksarein-
voked by the userwhenappropriate,othersoperatein the
backgroundto helppreventerrors.Examplefeaturesof the
domaincheckedarethat
(a) theobjectclasshierarchyis consistent
(b) objectstatedescriptionssatisfyinvariants
(c) predicatestructuresand operatorschemaare mutually
consistent
(d) taskspecificationsareconsistentwith thedomainmodel.
(e) methoddefinitionsare transparenti.e. they do bring
aboutthetransitionsthey specify.

The processof building up a domain in GIPO-II, as it
guaranteestheseproperties,preventstheoccurrenceof many
of theerrorspresentin handcraftedmodels.

In addition to supportingstatic checkingof the domain
model,GIPO-II providessupportfor dynamictestingof the
model. Planconstructionitself is thebestdemonstrationof
theadequacy of a domainmodelin accuratelyreflectingthe
domainitself.

To dynamically test domainsthe native HyHtn planner
canbe usedto attemptto solve well understoodproblems.
Additionally GIPO-II incorporatesa stepperallowing the
userto planmanually. This is predominantlyusedin thedo-
maindebuggingphase,asthis incrementalactivity isolates
bugs that have not beenuncoveredby the static checking
tools.
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