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Abstract

In this paperwe describework in progressthat aimsto de-
velopa domain-independenttool setwhich supportsthecre-
ationandanalysisof domaindescriptionsandplanscontain-
ing continuouslychangingprocesses,instantaneousevents,
andactions. The tools describedare(i) a life history editor
that enablesa designerto createa domaindescriptiondia-
grammatically, automaticallygeneratingmuchof thetextual
encoding;(ii) ananimatorthatsimulatesplans,firing events
andprocesses;(iii) an HTN plannerthat generatesplansin
suchdomains.Tools(i) and(ii) arecurrentlyimplementedas
a subsetof theGIPOIII environment. We concludeby stat-
ing someinitial findingsandpointsthatmightberaisedatthe
workshop.

Introduction
Planningin domainswhich are representedwith rich no-
tationshaslong beena greatchallengefor AI (Bresinaet
al. 2002). In particular, many real world phenomenaare
outsidethe explicit control of plan execution,yet have to
be reasonedwith during plan generation. Changesocur-
ring becauseof fuel consumption,continuousmovement,or
environmentalconditionsmay not be adequatelymodelled
throughinstantaneousor evendurativeactions;ratherthese
requiremodellingascontinuouslychangingprocesses.

Our researchis heavily involvedwith knowledgeformu-
lation of domainswhich involve AI Planning.Evensmall,
classicalplanningdomaindescriptionsare difficult to en-
codeadequatelyandcorrectly. Without tool support,encod-
ing descriptionsrequirethe userto understandthe planner
and the descriptionlanguagein greatdetail. GIPO (Mc-
Cluskey, Liu, & Simpson2003)is a tool whichsupportsthe
creationof domaindescriptions,andtheexplorationof plan-
ning within thedomain,usingan interfacethathidesmuch
of the technicaldetails. Userscanbuild a domaindescrip-
tion usinga diagrammaticinterface,explore plan creation
usinga plan stepper, interfacetheir domainto an external
planner, andanalysethe resultingplansusingan animator.
Thegeneralityof thegraphicaltoolsareenabledby theuse
of the’object’ asthecommonsemanticthread.

RecentlyLong andFox re-visitedthe issuesof planning
within domainswith eventsandcontinuousprocesses,with
the introductionof PDDL+ level 5 (Fox & Long 2001). In
this paperwe discussextensionsto the GIPO architecture

and relatedtools for domainformulation, plan generation
andplan analysisin suchrich domains. We have adopted
anunderlyingformalismsimilarto PDDL+calledOCLplus,
but onewhichalsosupportstheuseof theGIPOknowledge
acquisitiontool.

Using OCLplus: Planning Domains with
Processes and Events

OCLplus is derived from GIPO’s object-centredlanguage
which is documentedin the literature(McCluskey, Liu, &
Simpson2003). This languageimposesa structureon the
domainin termsof objectsand object classes,and struc-
turesaction representationsin termsof objectstatetransi-
tions. Additionally in OCLplus, time is modelledexplic-
itly asa real quantity. This enablessimulationor planning
with themodeltoadoptanarbitraryapproximationto thead-
vancementof time; hencein thedomaindescriptiontime is
modelledasa continuousrealvariable,but in simulationan
approximationhasto beadopted.Thispresentsasetof seri-
ousproblemsasdiscussedin theliterature(Howey, Long,&
Fox 2004). For example,duringdiscretesimulationevents
mayfire or not fire dependingon thechosengranularityof
time.

Statechangingoperationsaredividedinto three:actions,
eventsandprocesses.Actions (with Strips-relatedseman-
tics)bringaboutinstantaneouschangeto thestateof domain
objectsandmayalsoupdatethenumericpropertiesof those
objects.Actionsaretheentitiesthatagentsmustinitiate to
achieveplanninggoals,triggereventsandprocesses.Events
arespecifiedin thesamewayasactions,but their semantics
differ: whenevertheirpreconditionsaremadetrue,theevent
firesandmaychangethestateof theobject(s)involved. In
otherwords,eventsareautomaticallytriggeredasa result
of thenumericchangesbroughtaboutby domainprocesses,
and(possibly)by statechangesof otherobjects. Like ac-
tions, eventsbring aboutinstantaneouschange,but unlike
actionseventsare not directly triggeredby the plan exec-
utive. Processesspecifyin additionto their startcondition
how numericpropertiesof theobjectsin thedomainareup-
datedwith thepassageof timeasaresultof therunningpro-
cesses.Henceprocessesupdatenumericproperties,but do
not bring aboutstatechangeof theobjects(in thesenseof
changingthetruth valueof relations);their descriptionsare



availabledeclaratively, but they cannotbedirectly activated
by the

�
agentsactingin thedomain,despitethe fact that the

intentionbehindperformingsomeactionmaysimply be to
startaprocessrunning.

Review of GIPO III’s Life History Editor
GIPOIII’ s objectlife historyeditor (OLHE) is usedto for-
mulatedomiandescriptions.Is is reminiscentof CASEtools
that supportdesignersconstructdiagrammaticrepresenta-
tionsof systems.Thesesystemsareusuallybasedaroundan
’object model’. TheCASEtool’s principal functionwould
be to help the userconstructa (partial) formal modelfrom
the diagrammaticdescription,thus insulatingthe designer
from thecode.Dependingon theCASEtool, thecodegen-
eratedby thetool maybesomeabstract,formalspecification
(eg toolsthatgeneratepartialZ specifications),or partialim-
plementationswithin aprogramminglanguage.

In the caseof GIPO III, the user has to createa dia-
grammaticrepresentationof the planningdomainusing a
state- machinemetaphor. This forcesthe designerto de-
composethe systeminto an assemblyof machines,where
eachmachinerepresentsthebehaviour of a classof objects.
Eachmachine’s nodesrepresentthe setof mutually exclu-
sive statesthat an object of the classcan hold. Other at-
tributesof the objectsare modelledas ’properties’. The
diagrammaticform first undergoesconsistency checks,and
then is translatedinto a domaindescriptionwhich can be
usedfor plangenerationpurposes.

Apart from an adequatediagrammaticdescription,the
useronly needspecifyproblemscenarios(includingobject
instances)beforea targetplannercanbeinvoked.As anex-
ample,to constructtheDockworkers- robotsworld usedin
therecentAI planningtextbook(Ghallab,Nau,& Traverso
2004),oneonlyneedstoconstructthediagramshown is Fig-
ure2. FromthisdiagramGIPOIII generatesthedynamicsof
thedomain,andconvertsthis into aplanner-friendly form.

The diagramsarebasedon primitive machinesandma-
chinetransitions.Machinesrepresenta classof objectsthat
sharethe samebehaviour, nodesrepresentthe stateof ob-
jects,andarcschangethe statethat objectsgo through. In
additionto changingstate,nodescanhave changingprop-
erties(for example,locatedness)and theseoccurasanno-
tatedtransitionsof a differentcolour to statechanges.Ac-
tions involving morethanonetype of objectaremodelled
by co-ordinationarcs. To capturepreconditions,we con-
strainobjectsfrom differentmachinesto bein certainstates
or have certainpropertieswhena transitionoccurs.To cap-
ture necessaryor conditionalchangeswe constraintwo or
moretransitionsof objectsfrom differentmachinesto occur
together. For moredetails,the readercanconsulta recent
paperin which we gave aninformal, translator-independent
semanticsto thesediagramsvia thetechniquesof algebraic
specification(McCluskey & Simpson2005).

As a furtheraid to construction,the useris givenan ex-
tensibleset of machineprimitiveswith which to work (in
Figure 2 the primitives are listed in the left hand pane).
This leadsto ahigherlevel platformthanconstructingat the
level of the nodeandarc. For example,the dockworkers-

algorithm PlusPlan:OCLplusPlanner

1.store= � node(0,init-state,empty,init-task,init-constraints)�
2.repeat
3. call expand-plan();
4. call simulateevents-processes();
5.until empty(store)or � N � store:

solution-node(N);
6.end
procedure expand-plan()
1. repeat
2. removenode(T,S,PP,Exp,C)from store;
3. if notmethods(start(Exp),S,C)= ��� then
4. � M � methods(start(Exp),S,C)
5. Exp+= Expwith M expanded;
6. C+ = C with M’s expansionconstraints;
7. storenode(T,S,PP,Exp+,C+)
8. elseif notoperators(start(Exp),S,C)= ��� then
9. � O � operators(start(Exp),S,C)
10. storenode(T,apply(O,S),add(PP,O),rem(Exp,O),C)
11. elsewrite node(T,S,PP,Exp,C)to temporarystore
12. until empty(store)or � N � store

solution-node(N);
13. let store:= temporarystore;
14. end
procedure simulateevents-processes()
1. temporarystore:= store;store= empty;
2. � node(T,S,PP,Exp,C) � temporarystore:
3. � E � Events:
4. if preconds(E,S)= truethenS := apply(E,S)
5. � P � Processes:
6. if preconds(E,S)= truethenS := apply(P,S)
7. storenode(T+Delta,S,PP,Exp,C);
8. end

Figure1: ThePlusPlanAlgorithm

robotsworld canbeconstructedby selectingtwo instances
of stacks,andtwo bistates,andthenconfiguringandcom-
bining themtogetherto producethediagramshown in Fig-
ure2. GIPOIII thenproducesthedomaindescriptioncode
from thediagram,readyfor input to a planner.

GIPO III’s Life History Editor for OCLplus
TheOLHE for continuousdomainsusesthesamephiloso-
phy asthestandardOLHE discussedabove. Colourcoding
distinguishesactions,events, transitions,processes,states
etc.Eventsareconnectedto thestatesthatchangeasaresult
of theevent,andaneventmaybeco-ordinatedwith objects
of otherclassesin thesamewayasactions.Additionally, an
eventwill haveoneor morepreconditionswhichdependon
time. Thespecificationof thesepropertiesareinitiatedand
changedby clicking on theevent’s icon.

Processesareconnectedup diagrammaticallywith states
that are required as their preconditions,but expressions
involving continuouslyvarying valuesrequirethe useof a
expressioneditor. We illustrate this ideawith the familiar
bath- filling applicationshown in Figure3. In thediagram
there is one processspecified(filling), annotatedwith a



Figure2: TheDockworkersDomain:Exampleof GIPOIII’ sOLHE

clock icon to show it is a process.As well asconnectingup
theprocessto relevantstates/events,thedesignermustinput
triggersfor theprocess,i.e.

level� Bath�
	 capacity� Bath�
flow� Bath�
�
��� �

aswell astheeffectof theprocess:

level� Bath��� level� Bath��� flow-rate � time-increment

An expressioneditor is provided for this. There is one
event in the diagram- ’flood’. Statechangeinformationis
generatedby the connectionsof the event in the diagram,
but, like a Process,an expressioneditor is neededto input
thefluenttriggerfor theevent,in thiscase:

level� Bath�
� capacity� Bath��� flow� Bath���
��� �

With this extra information,GIPO III cangeneratethe do-
maindescriptionfor usewith theStepperandPlannerout-
linedbelow.

GIPO III’s Plan Stepper
The Plan Stepper assumesa completebut not necessarily
correctdomaindescriptionexistsandthatthedescriptionre-

quiresdynamictesting.Thestepperallows theuserto man-
ually developa graphicalrepresentationof a planto solve a
givendomainproblemby choosingfrom thedefinedopera-
torsa sequencein which to applythemandby choosingin-
stantiationsof theoperatorparametersthatlegally allow the
operator’s applicationat that stagein the developingplan.
We continuethe simple bath filling example in Figure 4.
Herethe object’s timelinesrun alongfrom left to right, in
thetop pane.In thelower panetheprocess(es)activationis
shown from left to right. Initially aplugis placedin thebath
(first dot - in red) then the hot water tap is turnedon (af-
fectingthebath,thetapandhaving theeffectof startingthe
filling process).Next the cold tap is turnedon, andfinally
afterseveralminutesthebathoverflows andcausesa flood
(thefloodeventis signifiedby across).

The tool in additionto providing a graphicalrepresenta-
tion of theplanchecksthateachstepcanbelegally applied
assumingthe given problem’s initial state. In this way the
usergainsfeedbackon whetheror not thedomaindescrip-
tion fulfills his/herexpectation. Clearly if the plan is not
legal theneithertheplanitself is flawedor thedomainspec-
ification is at fault. Theuseris expectedto iterateover this
processuntil bothsampleplansanddomainspecificationap-
pearsatisfactory. Theplanstepperallowsauserto manually
createplandescriptionsandhavethemcheckedagainstade-
velopingformal descriptionof the problemdomain. Tools
basedon theideaof a plansteppercanbeof moreusethan



Figure3: TheBathFilling Domain:Exampleof GIPOIII’ sOLHE

just as a tool for domaindescriptionvalidation. In many
domainsusersarenot looking for nor would bepreparedto
trustfully automatedtoolsto carryout theirplanningtasks.

Plan Generation
We havedesignedandimplementeda plangenerationalgo-
rithm (’PlusPlan’)for OCLpluswhichwasderivedfrom Hy-
HTN (McCluskey, Liu, & Simpson2003).HyHTN is ahier-
archicalplannerwhich,likeShop(Nauetal. 2000),plansby
selectingandexpandingmethodoperators,andkeepingan
advancedstatewithin searchnodes. HyHTN’s innovation
is that it is equallysuitedto hierarchical,non-hierarchical
planning,or acombinationof thetwo. Duringsearch,nodes
undergoexpansionoperationswhichreplacenamesof meth-
ods with their decomposition.However, if within a node
someconditioncannotbeachievedin thecurrentstatethen
HyHTN canperformaheuristicstatespacesearch(usingthe
plangraphheuristic)to generatea planto achievethegoal.

Essentially, PlusPlanworksusingablendof planningand
simulation. The simulationis similar to that carriedout in
thePlanStepperdescribedabove: an incrementaltime step
is usedto simulatethepassingof time. Planninginvolvesa
state-advancingHTN searchat eachinstantof time. Hence,
if thegoalcanbereachedby theeffect of instantaneousac-
tions only, it will endeavour to find a plan to achieve this,
andapply that plan’s actionsto an advancingstate,in the

first instant.More likely, nodeswill beprocessedresulting
in theadditionof new nodesto thesearch,but thesewill not
be furtherprocessedassomeeventor processis neededto
occuror terminatebeforefurtherwork onaplancanoccur.

Figure 1 containsan outline of PlusPlan. It searches
throughaspaceof nodesof theform:

node� T � S� PP� Exp� C �

whereT is theelapsedtime from thestartof theplan,S is
the currentstateat time T, PP is the plan that producesS,
Expis asetof operatorsrepresentingthedeveloping(future)
plan, andC is a setof constraintson Exp. Initially Exp is
theabstracttaskto beachieved,andC aninitial setof con-
straints.

Procedureexpand-plantriesto createandapplya planat
oneinstant. The resultingopennodesin ’store’ areeither
solutionsor nodeswhereoperatorscannotbe executed.In
line 3 start� Exp� = setof fringeoperators,ie thosethatcould
possiblystart(temporally)Exp;
methods� start� Exp��� S� C � is the setof non-primitive oper-
atorsin the fringe suchthat their preconditionsaremet in
S andthe constraintC aresatisfiable.For all thesepossi-
bledecompositions,new nodesarecreatedandstored.If no
non-primitiveoperatorscanbeexpanded,thenin lines8-10
any operatorsthatcanbeappliedareappliedto advancethe



Figure4: TheBathFilling Domain:Exampleof GIPOIII’ sPlanStepper

state.Whena nodecannotbeexpanded,it is put into a tem-
porarystore,andwhenall nodesareprocessed(or asolution
is found)thenthetemporarystoreis copiedbackto themain
storeandcontrolis givenbackto themainalgorithm.

The procedurefor simulating events and processesre-
tractsall of the storednodes,andwith eachin turn, it ap-
pliesall applicableeventsandprocesses.If � 1 eventsoc-
cur at thesametime thentheorderthatthey fire is assumed
unimportant- theobjectstatesthatany two firing eventsre-
fer to mustbe independent.Similarly, if eventsoccurdur-
ing processexecution,they areassumednotto interferewith
theprocesses,that is the ’order’ of simulationis not impor-
tant. Finally, it is assumedthat two processesthatarecon-
tinuouslyrunningdo not directly interfere. Theseassump-
tions avoid the problemof interferingevents”occurring at
thesametime” - which canleadto a paradox.After all the
effectsof applicableeventsandprocesseshavebeenapplied
to a node,thetimeof its stateis movedonaninstant(signi-
fiedby ”Delta”) andthenodeis stored.

Themainloopprogressesuntil expand-plan()is in aposi-
tion to fully expandtheabstracttaskinto a plancontaining
primitive instantiatedoperators.

Results and Open Questions
Planningin domainswith continuousprocesses,eventsand
actionshaslong beena greatchallengefor AI. Realworld

phenomenaare often outsidethe explicit control of plan
execution and yet have to be reasonedwith during plan
generation. In this position paperwe have outlined three
tools usedto formulatedomaindescriptions,analyseplans
throughsimulation,andgenerateplansrespectively, in do-
mainswith actions,events,andprocesses.An importantaim
of this work to allow theexpressivenessof theOCLplusde-
scriptionto beexploredandto investigateadditionalknowl-
edgeengineeringfeaturesthatmaybeaddedto thelanguage
to supportthemodellinganddomainvalidationprocesses.

We have evaluatedthe tools on toy problemsincluding
anair traffic controlscenario(specifiedin (Simpson& Mc-
Cluskey 2003)), a bath domain,and an autonomousvehi-
cle domain. The first tools (formualationand simulation)
areencodedinto GIPOIII with OCLplus, andcanbedown-
loadedfrom http://scom.hud.ac.uk/planform/gipo. For the
future we are aiming to apply the tools to a more realis-
tic flood simulationdomain. The initial work shows that
(a) theGIPOtoolsoriginally designedfor classicaldomains
generalisenaturallyto domaindescriptionsin OCLplus(b)
problemsto do with thesimulationareextremelycomplex.
Dependingon the choiceof the time step”Delta” in both
simulationandplangeneration,eventsmayfire or not fire,
andprocessesmay not run accuratelyor at all. The work
hasalreadyraisedcertainfundamentalquestionssuchas: is
the developmentof a domain-independenttoolsetfor such



expressivedomainsfeasibleor evendesirable?While conti-
nouschangeis expressiblein domaindescriptionlanguages
suchasOCLplus, how canthis be adequatelysimulatedin
animatorsandplanners?
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