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Abstract

Behavioural animationtechniquesprovideautonomouscharacters with theability to reactcredibly in interactive
simulations.Thedirectionof theseautonomousagentsis inherently complex. Typically, simulationsevolveac-
cording to reactiveandcognitivebehaviours of autonomousagents.Thefree�ow of actionsmakesit dif�cult to
preciselycontrol thehappeningof desiredevents.
In thispaper, weproposea scenariolanguage designedto supportdirectionof semi-autonomouscharacters.This
languageofferstemporal managementandcharactercommunicationtools.It alsoallowsparallelismbetweensce-
narios,anda form of competitionfor thereservationof characters.Seenfromthecomputingangle, this language
is generic: in otherwords, it doesn't make assumptionsaboutthenature of thesimulation.Lastly, this language
allowsa programmerto build scenariosin a varietyof differentstylesrangingfromhighly directedcinema-like
scriptsto scenarioswhich will momentary�nely tunefreestreamsof actions.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.6 [ComputerGraphics]:Languages

1. Intr oduction

Thegoalof thebehaviouralmodelis tosimulateautonomous
entitieslike organismsandliving beings.A behavioural en-
tity has the following capabilities:perceptionof its envi-
ronment,decision,action and communication4. The sce-
nario componentof a behavioural simulation carries out
the responsibility for orchestratingthe activities of semi-
autonomousagentsthat populatethe virtual environment.
In commonpractice,theseagentsareprogrammedasinde-
pendententitiesthat perceive the surroundingenvironment
andundernormalcircumstancesbehave asautonomousa-
gents.However, in most experimentsand training runs 13,
peoplewant to createa predictableexperience.This is ac-
complishedthroughthedirectionof agent's behaviours.To
facilitate coordinationof activities, actorshave to be built
with interfacesthroughwhich they canreceive instructions
to modify their behaviours. Scenarioprocessescontrol the
evolution of the simulationby strategically placingobject-
s in theenvironmentandguiding thebehaviour of actorsto

createdesiredsituations.ScenarioAuthoring Tools are al-
so importantfor digital crowds usedas specialeffects for
the cinemaIndustry. JonLabrie,Chief TechnologyOf�cer
at Weta,who wasin chargeof crowd animationfor the�lm
TheLord of theRingssaid:It turnsout that it is at leastas
dif�cult to control an intelligentautonomousagentasit is to
control a realactor. They don't necessarilydowhatyouwant
themto do.Sotools for choreographyare just as important
as anythingelse14. Anotherdomainin which scenariobe-
comesvery importantis theinteractiveartexperiencein vir-
tualor mixedreality 10; 20: theproblematichereis to provide
awayfor theartistto controltheinteractiveexperiencelived
by theuserashis actionsarenotpredictable.

To onepoint of view, a scenariocanbetreatedasthebe-
haviour of adisembodiedobject.Thissuggeststhatthesame
languagesusedto programthebehavioursof simulatedchar-
acterswith materialpropertiescanbe usedto programthe
modulesthat manipulatethe environmentby creating,de-
stroying or modifying characteristicsof entities,andcoor-
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dinating the actionsof other actors.A numberof research
teamsworking on simulationhave convergedonhierarchies
of parallelstatemachinesasa model for programmingre-
active behaviours 12; 16; 2; 8. We think that the statemachine
modelhasalsomuchto offer for scenarioprogramming.The
issuein this paperis to presenthow we intendto describea
scenariowhoseobjective is to partiallyconstraintheactivity
of semi-autonomousentities.

2. RelatedWorks

ASAS, proposedby Reynoldsin 198218, is oneof the �rst
animationlanguagebasedon actorsandscripts,andits goal
is to offer to theanimatortheability to controlananimated
sequenceby usingascript.ASASis basedonLISP, andadds
speci�c notionssuchasgeometricandphotometriccharac-
teristics,transformationoperatorsandthe datastructureof
an actor. Ridsdaleet al. 19 proposeda systemto animate
charactersin a theatricalenvironment.A scenariois decom-
posedin a sequenceof scenesfor which the scenaristhas
to de�ne, initial and�nal locationof actors,their goalsand
relationalconstraints.An expertsystemis usedto determine
actionsthateachactorwill haveto performduringthescene.
If we addressthe problemof controlling semi-autonomous
entities,theprecedingdescriptivelanguagescannotbeof use
asit is impossibleto know in advancethebehaviour of char-
acters.In sucha case,a simulationconsistsof decentralized
autonomousagentsthatevolve in anenvironmentandinter-
actwith eachotherandwith theenvironment.In thecaseof
a semi-autonomousentity model,instructionsmight begiv-
en by a coordinator. Differentkinds of coordinationcanbe
implemented:

goal oriented: de�ne goalsto achieveduringtheanimation.
The main complexity consistsin planningactionsto be
doneby actors;

rules: observeactorsevolving in thescene,andonaspecif-
ic situation,startascript;

ambient: thereis a main character(usuallytheuserin the
loop) andall actionsof other actorsare determinedde-
pendingon his own behaviour andareexecutedin order
to testandstudyhis reaction;

sequenceof actions: determinea setof action to be done
andtheir time schedule.

In all thosecases,a script cannotbe exhaustive andvir-
tualactorsshouldbeableto improviseor decidethemselves
actionsto perform.A script will specifyactionsonly on a
few numberof entitiesat eachtime andall othershoulde-
volve autonomously. On thebasisof their behavioural mod-
el describedwith SCA control loops (re�exive behaviour)
andPatNets(�nite statemachines),Badleret al. 2 propose
to use higher levels of PatNetsto de�ne goals of actors
andtheir schedule.In a similar way, J. Kearney et al. 5 use
HCSMs (HierarchicalConcurrentStateMachines)in their
Hanksimulatorto describeambientscenarios,actingon the

traf�c aroundthe userdriven car. Suchscenariosarecom-
posedof triggersand beaconswhich are usedto produce
somespeci�c events and directorswhich are responsible
for choreographingentity behaviours to createspeci�c sit-
uations.More recently, P. Willemsen22 introducesSDL, a
ScenarioDescriptionLanguage.It is an interpretedscript-
ing languagethatinteractively evaluatesexpressionsentered
by anexperimenterandtranslatestheminto HCSMinserted
andexecutedinto a simulator. This languagecontainssome
instructionssuchasmathematicalfunctions,conditionsand
four monitorstatements(when,every, aslongas,whenever).
Due to the interpretationchoice,somelimitations are im-
posedon the combinationof instructions.We will usethe
samekind of monitoringinstructionsin our languagebut in
amorecomplex way thanksto acompilationprocess.

In ViCrowd 15, crowdscanbecontrolledatdifferentlevels
andoneof themconsistsin a script languagewhereaction,
motion andbehavioural rulesarede�ned in orderto speci-
fy the crowd behaviours. Improv is an authoringsystem17

for scriptinginteractiveactorsin virtual worlds.Participants
arerepresentedby fully articulatedhuman�gures or avatars.
Body movementsof avatarsarecomputedautomaticallyby
thesystem.Theauthorneedsto controlthechoicesanactor
makesandhow theactorsmove their bodies.Authorsspec-
ify individual actionsin termsof how thoseactionscause
changesover time to eachdegreeof freedom(DOF) in the
model.An Improv actorcanbedoingmany thingsat once,
and thesesimultaneousactivities can interact in differen-
t ways.Theauthorcanplaceactionsin differentgroups,and
thesegroupsareorganizedinto a "back-to-front"order. Ac-
tionswhich arein thesamegroupcompetewith eachother
andeachactionpossessessomeweight (global actionsare
locatedin thereargroups,andlocalonesin thefront group-
s). Differentscriptscanrun in parallelandcanbe ordered
on the sametemporalreferentialby using instructionslike
wait n seconds. In thatcase,starttime of actionsaresched-
uled.Nondeterministicbehaviourscanalsobeexpressedby
specifyingthatanactorhasto choosefrom a setof actions
or scripts.Weightscanbe usedto affect the probability of
eachitem beingchosen.

Usuallyscriptsareappliedto virtual actorswhich do not
haverealcognitionandhenceareunableto understandnatu-
ral language21. Anotherkey issueis thetranslationof scripts
or scenarioswritten in asimpli�ed form of naturallanguage
into somethingunderstandableby virtual actors.N. Badler
et al. 3 proposedto control characteractionsby usingsen-
tencesexpressedin naturallanguage.To supportlanguage
understandingandto transformit into actionsexecutedby
autonomouscharacters,they have introducedthePAR mod-
el (ParametricAction Representation).A PAR givesa com-
pletedescriptionof an action,andit is parameterizedby a
setof characteristicswhich canbe given asadjunctsto the
actionverbin a sentence.Oneof thebiggestproblemin us-
ing somekind of naturallanguageto specifyscenariosis the
referenceto objects.In the currentdiscourse,it is usualto
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say"the object",becausetheauthorknows which objecthe
is talkingabout,but in ascenarioit is necessaryto nameob-
jectsor to referto themby a designationoperation.In some
very directive scenarios,the animatorwill be able to give
a nameto all objectsandtherewill be no ambiguityin the
description,but in othercaseslike situationswhich produce
eventsto starta goal orientedscenario,it is not possibleto
planin advancewhichobjectswill beinvolvedin it. Ourob-
jective is to specifya languagewhich will allow dynamic
selectionof actorsat run-time basedon classand set op-
erations.This languageshouldbe ableto describethe four
kindsof scenariosandmix themtogether. In this paper, we
will focuson thestructureof thescenariolanguageandwill
illustrateits potentialuseonanexample.

3. ScenarioAuthoring

3.1. Intr oduction

We have speci�ed a scenariolanguagewhich allows a de-
scription of scenariosin a hierarchicalmannerand their
schedulingat simulation time. This languagehas its own
syntaxandis compoundedof a setof speci�c instructions.
Thelanguagecontainsclassicinstructionssuchasif, switch,
repeatuntil, randomchoice,wait which areexecutedinside
a time-step.It containsalsomorespeci�c instructions(wait-
for, eachtime,aslongas,every) thatwill spendmorethanone
time-stepto be�nished andthatcanrunin parallelduringthe
executionof the scenariothey belongto. All thoseinstruc-
tions can be composedin a hierarchicalmanner. To man-
ageactors,the languageoffers alsospeci�c instructionsto
specifythe interfaceof anactor, to reserve andfreeactors.
By usingpriorities,a scenariocantake anactorfrom anoth-
er one,which will be informedby a message.Concerning
messages,eachscenariocan subscribeto thosethat areof
interestto itself.

Simulation Observation
Triggers and Sensing functions

Actors 

temporal inconsistency detection

Scheduler

events function
call

searchstart
terminate, request,

E
vent

D
ataflow

terminationactionstarted,
terminated

result

actionrequest

events

ManagerScenarios

 C
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m
unication

Figure1: Theglobal architecture.

A scenariocan be decomposedinto sub-scenariosand
eachscenariois correspondingto a setof tasksor actions,
orderedon a globaltemporalreferential.Tasksin a scenario
canmodify characteristicsof actors,createthemor askan
actorto performa speci�c action.A scenariocanstartat a
prede�ned time given by the authorbut can also be start-
ed whena situationoccurs(conditionalscenario).Someof
thoseschedulinginformationsarestoredin a dynamicexe-
cution graph.A schedulerusesit to startor terminatesce-
narios.To detectsituations,triggersand sensingfunction-
s aremanagedby the simulationobservation (cf �gure 1).

For example,a circular triggerwill detectany objectenter-
ing or exiting its area.Insteadof creatinga completeand
self-containedlanguage,we have chosenanopenapproach
whichconsistsin a full integrationin C++.As explainedbe-
low, thescenariolanguageis built uponC++ andit is possi-
ble to introduceC++ codeeverywhereinsidescenarios.

3.2. StateMachine Approach

A statemachineapproachhasbeenchosento specifymost
of the instructionsof the scenariolanguage,andalso their
composition.Dueto theexpressivity of their graphicalrep-
resentation,we will presentit to specify the semanticsof
thoseinstructions.Eachstatemachineis composedof states
and transitionsbetweenstates.As illustratedin �gure 2, a
transitionbetweena stateA anda stateB is composedof
two parts:aconditionanda sequenceof actions.If thesym-
bol # is the condition part, it meansthat the condition is
always true, while if # constitutesthe action part, no ac-
tion is associatedto the transition.Eachstatemachineof
the systemis eitheran atomicstatemachine,or a compos-
ite statemachine.Somespeci�c instructionscanbeusedto
start (start(SM)) andterminate(terminate(SM)) a sub-state
machineSM andto know if a setof sub-statemachinesare
terminated(end(SM1 : : :SMn)).

Optionaldurationparameterscanbe attachedto a state.
The�rst one(dmin) is usedto forcethestatemachineto keep
a stateactive for a minimumduration.This allows themod-
elling of delay:it is not possibleto �re any transitionuntil
thetime spentin thestatebecomehigherthanthis duration.
Onthecontrary, amaximumdurationdmaxcanalsobespec-
i�ed. Whenthis valueis reached,aneventeodis generated
in orderto warnthesystemthatsomethingthatshouldhave
happenedactuallydid not.

A
condition / actions

B

C
# / start(SM1)

D too late
eod / #

E

!c / timegate

[dmin,dmax,eod]

Figure2: thestatemachinemodel

Our statemachinemodelmakesuseof the superstepse-
manticsof Statecharts11, i.e. the ability to �re several fol-
lowing transitionsat the samedate,this beinglimited by a
timegate(whichpreventsfrom �ring thefollowing transition
at thesamedate).Thisstatemachinemodelhasbeenimple-
mentedthrougha descriptionlanguagewhich is compiled
andusedto generateC++ code8.
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3.3. Grammar of the ScenarioLanguage

Let us introduce now the different instructions of the
language and their semantics.We �rst introduce the
low-level instructions which can be directly expressed
in statemachines.Then, hierarchy, schedulingand actor
managementissuesareaddressed.Concerningthegrammar
of the scenariolanguage,keywords are written in bold,
whereasitalic typeface representsa non-terminalrule. A
� standsfor a 0::n repetition,while a + standsfor a 1::n
repetition.j is thealternativeoperator. A statementenclosed
in {} is optionaland[] areusedto enclosealternatives.

Language ::= { list_of_Actors } { list_of_Modules}
scenario( scenario)�

scenario ::= scenarioID ( { parameters } )
{ scenarioDef}

scenarioDef::= ( instance)+ schedulej SeqElemTask

The rule list_of_Actors is usedto specify the C++ type
of the Actor's Interface,while the rule list_of_Modulesis
usedto specifywhich objectshave to be createdto receive
actors.Eachscenariois composedof a name(ID), a setof
parameters(ruleparameters) andabodyscenarioDefinside
brackets.Two alternativesareofferedto describethe body
partof a scenario(rule scenarioDefof thegrammar):

� a meta-scenariocomposedby different sub-scenarios
(namedandparameterized)anda speci�c part to speci-
fy their scheduling.

instance ::= instanceID of ID (Params);
schedule ::= schedule{

[ allenRelationj instantRelation]+ };

� ascenarioconsistingof asequenceof elementaryinstruc-
tions(rule SeqElemTask).

SeqElemTask ::= elemTask;
( { wait (timeExpr), } elemTask; )�

elemTask ::= [Declaration j Implementation
j Includej Destructor
j if j switch j repeat
j waitfor jasLongAsj eachtimej every
j join j randomChoicej use
j extractionj subscription
j reservej freej con�scation]

All instructionsin a sequence(rule SeqElemTask) are
executedone after eachother. An optional delay can be
speci�ed.

instructionA; wait(d1),
instructionB; wait(d2),
instructionC;

#/#
A

#/#

[d,d,eod]

eod/#

A; wait(d),

Figure3: translationof A; wait(d),

Insideasequenceof elementarytasks,mostof theinstruc-
tionsarecompletelyspeci�edby state-machines.Their cor-
respondingstate-machineswill bepresentedto offer abetter
understandingof theirsemantics.As �rst example,the�gure
3 givesthetranslationinto astate-machineof theinstruction
A; wait(d), .

3.4. Elementary Tasks

As the languageis built uponC++, it is alwayspossibleto
includeC++codeeverywhereinsidescenariosby usingfour
speci�c instructions:include, declaration,implementation
anddestructor.

Include ::= include {include_block};
Declaration ::= declaration {declaration_block};
Implementation::= implementation {code_block};
Destructor ::= destructor {destructor_block};

The four rulesareusedto directly includespeci�c C++
instructions.The include_block will be usedto insertC++
#includeinstructions,while thedeclaration_block is usedto
declareC++variablesthatcouldbeusedinsidethescenario.
Thecode_block is usedto inserta sequenceof instructions
written in C++ andthedestructor_block is usedto give the
speci�c C++ sequenceof instructionsthatshouldbeexecut-
edwhenthescenariowill beterminated.Insideascenario,it
is possibleto insertseveral include, declaration andimple-
mentationblocks,but only onedestructorblock is allowed
perscenario.Thecontentof thoseblocksis notanalyzeddur-
ing theparsingof thescenariolanguagebut will beanalyzed
duringtheC++ compilation.

The four following rules if, switch, repeatand random-
Choicedescribeusualconditionalexpressions.We will de-
scribe them by giving examples. Instructions if, re-
peat andswitch areexecutedinsidea time-stepandcor-
respondsto theirusualmeaning.In thoseinstructionsandthe
following onesub-sequence A meansany sequenceof
elementaryinstructions(ruleSeqElemTask).

The random choice instructionallows to choosebe-
tweendifferentsubsequences.Eachof themis guardedby a
conditionandmayhave a weight(default weight is equalto
one).The choiceis madebetweenall subsequenceswhose
guardingconditionis true,andby taking into accounttheir
relativeweight.
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if (c1) {
sub-sequenceA1

}
else{

sub-sequenceA2
};

repeat{
sub-sequenceB1

} until( c );

switch (num_expr) {
case(1) {

sub-sequenceC1
}
case(2 to 4) {

sub-sequenceC2
}
else{

sub-sequenceC3
}

};

Figure4: Instructionsif, repeatandswitch.

The waitfor instructionis a very simplesynchroniza-
tion instruction: waitfor(condition), and its effect is also
verysimple:Theexecutionof thecurrentscenariois stopped
until theconditionbecomestrue.

random choice{
condition (cond1) {

sub-sequenceB1
}
condition (cond2) weight(5) {

sub-sequenceB2
}
. . .

};

Figure5: Instructionrandomchoice.

The �gure 6 shows the statemachinefor the waitfor
instruction.

waitfor(c)

c/#

Figure6: translationof thewaitfor instruction.

The instruction aslongas allows to activate a sub-
sequenceand to executeit until the condition c becomes
false:

aslongas(c) {
sub-sequenceA

};

As illustratedon �gure 7, themeaningis: aslong ascon-
dition c is true, run sub-sequenceA. As A can be stopped
at any time, two distinct statemachinesare necessarybe-
causeof this terminationcondition(With onestatemachine,
this could be possibleonly with one transitionguardedby
(c==FALSE)from eachstateof A to the �nal state.).The
statemachineon the left part of the �gure 7 is in charge

of startinga sub-statemachine(son ) andof controlling,at
eachtime-step,thevalueof theconditionc. Whenc becomes
false,it terminatesthecurrentA. Thesecondstatemachine
is in chargeof executingthesub-sequenceA. If theendof A
is reachedwhile c is true,do A againat thenext time-step.
Thetimegate instructionavoids in�nite looping if thes-
tatemachinerepresentingA hasnoduration.

aslongas(c) {A}

!c/#

c/start son

!c/terminate son

son

#/#

A

#/timegate

Figure7: translationof theaslongasinstruction.

The eachtime instruction is designed for reactive
scenarios:

eachtime(c1) {
sub-sequenceA

} until (c2);

As shown in �gure 8, the scenariocontinuesjust after
the eachtime's launch,in parallelwith the eachtime's loop
(which runsvia the loop statemachine).Several instances
of thesub-statemachineA cancoexist at thesametime de-
pendingonthedurationof thoseinstances.The�rst instance
of A is launchedif c1 is truewhentheinitial stateis reached,
or whenc1 becomestrue.But otherinstancesarelaunched
only if c1 becomesfalseandthenagaintrue.The timegate
instructionis usedfor the samereasonasfor the aslon-
gas : only oneA is launchedduringonetime-step.Theexit
conditionuntil(c2) is optional.When it is used,the termi-
nationof the loop statemachinedependson c2 but alsoon
the terminationof all the Ai . Whenc2 is not used,thereis
no �nal statein the loop statemachine.The terminationof
this statemachinewill thendependon theterminationof its
parent.

1,A 2,... )/#end(A

eachtime(c1) {A} until(c2)

#/start loop

c2/#

!c1.!c2/#

loop c1.!c2/
start new(Ai);

c2/#

timegate

Figure8: translationof theeachtimeinstruction.
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Theevery instructionis usedto launchaninstanceof a
sub-scenarioeachtimea delayis reached:

every (delay) {
sub-sequenceA

} until (c);

As for theeachtime instruction,aloop statemachineis
launched,andrunsin parallelwith thescenario(cf �gure 9).
The �rst instanceof A is launchedonly after the �rst d de-
lay. It is possibleto useaterminationconditionc. If c occurs
duringa delay, no moreA will belaunched.Hereagain,dy-
namicstatemachinesareused,becausemultiple instancesof
A cancoexist at thesametime, if thedurationof A is longer
thand.

,A2,... )/#end(A1

i)start new(A

every(d) {A} until(c) loop

[0,d,eod]

#/start loop c/#

!c.eod/

Figure9: translationof theeveryinstruction

The join instructionis usedasa point of synchroniza-
tion in a sequenceof instructions.It permitsto wait for the
completeexecutionof all eachtime andevery instruc-
tions currently running inside the currentsequence.If the
join instruction is usedafter an eachtime or an ev-
ery instructionwithoutanuntil condition,thepartof the
sequencefollowing thejoin instructionwill never beexe-
cuted.

every (delay) {
sub-sequenceA

} until (c);
. . .
join;

Figure10: Thejoin instruction.

Theuse instruction(usesc_name(sc_p1,. . . , sc_pn)) per-
mits to start the execution of an instanceof the scenario
sc_nameasa sub-scenarioof the currentone.The current
sequenceof instructionis stoppeduntil the endof the ex-
ecutionof the calledsub-scenario.Due to the semanticof
instructionseachtime andevery , only a subpartof the
scenariomaybestoppedandotherpartscanrun in parallel
with thesub-scenario.In theexampleshown in �gure 11,de-
pendingontheevolutionof thevalueof theconditionc2, the
sub-scenarioscenarioAcanbeeitherexecutedbefore,after
or canoverlaptheexecutionof thesub-sequenceA.

eachtime(c1) {
eachtime(c2) {

sub-sequenceA
};
usescenarioA(param1, . . . );
sub-sequenceB

};
sub-sequenceC

Figure11: Exampleof a call to a sub-scenario.

To representthe sequenceof instructions,their corre-
spondingstate-machineshave to be concatenatedby using
transitionswithoutconditionnoraction.A simpli�cation al-
gorithmis thenusedto reducethenumberof statesandtran-
sitionsasillustratedby theexampleof �gure 12.Morecom-
plex simpli�cations canbe operatedbut have not yet been
implemented.

aslongas(c1) {A1};waitfor(c2)

c1/start son !c1/terminate son

!c1/#

#/# c2/#
c1/start son

!c1/#

!c1/terminate son

c2/#

S
im

pl
ifi

ca
tio

n

Figure12:Anexampleof thecompositionandsimpli�cation
of state-machines.

3.5. Actor Management

An importantpartof scenarioconcernstheability to dialog
with autonomouscharacters.In our language,this is done
via aninterfaceof actor. For eachobjectwith which thesce-
nariowill have to interact,an interfacehasto bebuilt. This
interfacedescribesthe way the scenariocan communicate
with theactor. Thisactorcanbeanautonomousagent,but it
canalsobea camera,a button,a triggeror any reactive ob-
ject.All actorswill bememberof theglobalsetActorSet ,
andwill alsobelongto aspeci�c typeof actor. Differentop-
erationscanbe performedon sets(union, intersectionand
subtraction).We have alsode�ned the forall instruction
to executeof a sub-scenarioA for all thecomponentsx of a
set.A correspondingstatemachineA(x) is startedfor each
instanceof x. All thesestatemachineswill be launchedat
thesamelogic instant.

extraction ::= forall ID { type ID } in ID
{code}

reserve ::= reserve ( actorReserve
( , actorReserve)� )
{ success{code}
failur e {code} }

actorReserve::= [ fr om ID to ID { count (code) }
j actor ID ]
{ priority( code) }
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free ::= fr ee[ [ (set) ] j [ actor ID ] ]
con�scation ::= on con�scation(parameters)

{code}
subscription ::= on ID(parameters)

fr om { actor ID }
type ID {code}

parameters ::= parameter(, parameter)�

parameter ::= ( T_ID j * j & j :: )+

As severalscenarioscanrunatthesametime,wehavede-
�ned areservationmechanismwhichallowsascenarioto be
surethatit will betheonly oneto dialogwith asetof actors.
This is donevia thereserve instruction.It is bothpossible
to reserve speci�c actors(actor ID) or a certainnumber
of actorsbelongingto a set(from originSetto targetSet{
count (number) }). An optionalpriority allows a scenario
to specifyits level of interestfor anactoror agroupof actors.
As someof theactorscanalreadybeusedby otherscenar-
ios, this reservation may eitherbe successful(executionof
thesuccess block ) or not (executionof the failure
block ). Dueto thepriority speci�cation,ascenariohasthe
ability to takeanactorto anotherone:theconfiscation
instructionallows a scenarioto be informedof this con�s-
cation.Thefree instructionallows ascenarioto releasean
actoror a setof actors.For example,in the following sce-
nario (crampGroup), someactorsareselectedinsidetheset
_visitorsto participateto thescenario.Eachtimeanothers-
cenariocon�scatesoneof thoseactors,it is suppressedfrom
theset.

scenario crampGroup(
float xGoal, float zGoal,
ActorSet * ptrVisitorSet,
int requested_number,
int _priority

)
{
include {

#include "ActorSet.h"
};
declaration {

ActorSet _visitors;
ActorSet _reserve;
int _number;
bool _inProgress;

};
c++ {

_number = ptrVisitorSet.size();
if (_number > requested_number)

{ _number = requested_number; }
_visitors = *ptrVisitorSet;
_inProgress = true;

};

reserve (
from _visitors to _reserve
count(_number) priority(_priority)

)

{
success { }
failure {

cout«"Warning !!! Problem during the
initial reservation of actors"«endl;
exit(0) //termination;

}
};

forall visitor in _reserve
{ ptrVisitorSet -> erase(dynamic_cast

<actortype *>(visitor)); };

on confiscation(actortype *
confiscated_actor)

{
_reserve.erase(dynamic_cast<actortype *>

(confiscated_actor));
_number = _number - 1;

};

aslongas (_number>0 && _inProgress)
{

use moveGroup(&_reserve,xGoal,zGoal);
c++ { _inProgress = false; };

};
free(_reserve);
}

Theinstructionon EventName( transmitter, otherparam-
eters) from { actor ID } type ID { code} is executed
whenthescenarioreceive aneventEventName, andby this
way allows a scenarioto receive information from actors.
For example,in the following scenario,a click on a button
will generatethecall to a speci�c sub-scenarioSecondary-
Action.

scenario scenarioClick(
ActorSet * ptrBadGuy,
ButtonActor * button

)
{

include {
#include "ButtonActor.h"
#include "ActorSet.h"

};
declaration { bool _click; };

on Leftclick(ButtonActorGenerator *
transmitter)

from actor button type ButtonActor
{ _click = true; };

c++ { _click = false; };
eachtime(_click)
{

c++ { _click = false; };
use SecondaryAction(ptrBadGuy);

};
join;

}
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3.6. Scheduling

At thelower level of granularity, ascenariois composedof a
sequenceof elementarytasks.Theschedulingof elementary
tasksis expressedby theconcatenationof correspondings-
tatemachines.Thestructureof a scenariocanalsobespec-
i�ed asa hierarchyof parallelsub-scenariosandscheduling
constraints(temporalrelationsbetweenthem).Suchkind of
scenariowill bewrittenby usingthefollowing syntax:

instance ::= instanceID of ID (Params);
schedule ::= schedule{

[ allenRelj instantRel]+ };
allenRel ::= ID [

equalsj before j after j meetsj
met by j overlaps j
overlapped by j during j
containsj starts j started by j
�nishes j �nished by
] ID ;

instantRel ::= [ start j end ] of ID
instantRel0
[ start j end ] of ID ;

instantRel0::= [ { ( duration ) } [ before j after ] j
equals]

Eachscenariocanbe representedby a temporalinterval
with its initial and �nal instants.All temporalconstraints
betweensub-scenariosareexpressedin a scenarioby using
Allen'sandinstantlogic. J.Allen 1 hasde�ned a logic mod-
el which permitsto describeall possiblerelative positioning
of two temporalintervalsalonganaxis(cf �gure 13). In the
instantlogic, the relative positioningof two instantsalong
thetemporalaxisis eitherbefore , after or equals .

A equals B

A before B

A meets B

A overlaps B

A during B

A starts B

A finishes B A finished by B

A started by B

A contains B

A overlapped by B

A met by B

A after B

Figure13: Allen's relationsbetweentwo intervals.

The exampleof �gure 14 illustratesthe useof thosein-
structions.EachAllen's relation can be expressedas con-
straintsonthefour extremitiesof thetwo intervals.For those
temporalrelations(Allen andinstant),we did not allow to
specify disjunctionbut only conjunctionsof them,as it is

scenarioname(parameters){
instancesc1 of subScenario1(parameters);
instancesc2 of subScenario2(parameters);
instancesc3 of subScenario3(parameters);
schedule{

sc2 starts sc1;
sc3 �nishes sc1;
endof sc2 (12.0) before start of sc3;

};
}

Figure14: Exampleof a scheduledscenario.

a NP hardproblemto �nd a solution to the descriptionin
the generalcase.From the set of relationsa directedval-
uatedgraphis constructedwhosenodesareextremitiesof
intervals. This descriptionis logically consistentif thereis
at leastonesolution to orderextremitiesof segments.The
consistency of thedescriptioncanbe checked by searching
for circuitsduringa uniquegraphtraversal.

For eachschedulingblock insideascenarioacorrespond-
ing schedulerwill use the graph structureat run-time to
schedulesub-scenariosexecution.However, errorscanoccur
at run-timeif somescenariosdo not respectconstraintsim-
posedin thepartialorder. Thiswill bedetectedby thesched-
uler which will destroy suchinconsistentsub-scenarios:the
global consistency of a scenariodescriptionremainsunder
thecontrolandresponsibilityof theprogrammer.

3.7. Conclusion

We have developeda speci�c compilerfor our scenariolan-
guage.Eachscenariois compiledand transformedinto an
equivalentC++ code,andby linking it with precompiledli-
braries,a scenariomanagerobject is obtainedthat can be
usedin a simulationapplication7.

4. ScenarioExample

Differentscenarioshave beendevelopedto illustratetheca-
pabilitiesof ourscenariolanguage6. Oneof themis present-
ed;it takesplaceinsideavirtual museum,visitedby agroup
of autonomousagents.In this scenario,actionsof the us-
er will determinethe executionof different sub-scenarios.
The goal of the userconsistsin �nding and taking a stat-
uetteon its pedestalandcomingbackto put it on a second
pedestal.To performhis tasktheuserusesa handmadepe-
ripheralcomposedof two mousesandamagneticsensorput
onboard.A yellow rayrepresentsits directionof navigation.
A blueray, whoseorientationis controlledby themagnetic
sensor(a �ock of bird with 6 degreesof freedom)will be
usedby theuserto selectandmove thestatuetteinsidethe
museum.Differentbuttonson theperipheralallows theus-
er to go straight,andforward, to turn left andright and to
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take andreleasetheobjectselectedby theblue ray. During
the displacementof the user in the museum,threegroups
of visitors(Group1,Group2andGroup3) will becontrolled
by differentscenariosto cramphisnavigation.Fourteensub-
scenarioshave beenspeci�edandarescheduledasfollows:

schedule {
start of robot equals start of visit;
start of startGroup1 equals start

of visit;
start of startGroup2 equals start

of visit;
start of supervision1 equals start

of visit;
supervision1 meets crampGroup1a;
supervision1 meets crampGroup2a;
supervision1 meets supervision2;
supervision2 meets supervision3;
supervision2 meets crampGroup3a;
crampGroup3a meets crampGroup3b;
supervision3 meets crampGroup3b;
supervision3 meets supervision4;
supervision4 meets crampGroup1b;
supervision4 meets crampGroup2b;

};

Figure15 illustratestheobtainedschedulingbetweenthe
differentsub-scenarios.Therobotscenariocontrolstherobot
displacement,it startsat thebeginningof themainscenari-
o andterminateswhenthe robothas�nished to performits
activity. ThestartGroup1andstartGroup2scenariosasktwo
groupsof visitorsto goonthewayof theuser. startGroup[1,
2] andcrampGroup[1a, 1b, 2a,2b, 3a,3b] aredifferent in-
stancesof the samescenariocrampGroupdescribedabove.
Thosescenariosare usedto cramp the userdisplacemen-
t dependingon its own locationinsidethe virtual museum.
supervision[1, 2,3] aredifferentinstancesof thescenariosu-
pervisiongiven below. They areusedto track the displace-
mentof theuserinsidethemuseum.A rectangulartriggeris
usedand when the userentersthe correspondingareathe
scenariois ended.Due to the temporalrelationsbetween
both families of scenarios(crampGroupand supervision),
the userjourney indirectly control the displacementof the
differentgroupsof visitors.For example,thescenariosuper-
vision3terminateswhentheuseris nearthestatuette.By its
ending,the scenariocrampGroup3bis startedandasksthe
third groupto goaroundtheuser(cf image5 of �gure 16).

robot

startGroup1

startGroup2

supervision1

crampGroup2a

crampGroup1a

supervision2 crampGroup3a

supervision3

supervision4

crampGroup3b

visit

crampGroup1b

crampGroup2b

Figure15: Schedulingof thesub-scenarios

scenario supervision(
MuseumTriggerActor * manager,
float xCenter, float zCenter,
float width, float length

)
{

include {
#include "MuseumTriggerActor.h" };

declaration { bool _enter; };
//----- init

c++ {
_enter = false;
manager -> trackPosition(xCenter,zCenter,

width,length);
};

//----- waiting for the user
on enterArea( MuseumTriggerActor * sender,

float x, float z)
from actor trigger type MuseumTriggerActor

{ _enter = true; };
//----- block the end of the scenario
//----- until the user enters the area

waitfor(_enter);
//----- end of the tracking

destructor { manager -> stopTracking(); };
}

The scenariomoveGrouppresentednow is usedassub-
scenarioof thecrampGrouponeto controlthedisplacement
of a groupof visitors to a new location(actionmoveTo sent
to eachmemberof theset_input).

scenario moveGroup
(

ActorSet * input,
float xGoal, float zGoal

)
{
include {

#include "ActorSet.h"
#include "MapUser.h"

};

declaration {
int _number;
int _cpt;
ActorSet _input;

};

// ------ init
c++ {

_number = input->size();
_cpt = 0;
_input = *input;

};

// ------ displacement
forall humano type ptrMapUser in _input
{

humano -> moveTo(xGoal,zGoal);
};
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// ------ counting arrived actors
on reachedposition(GMapUser * sender,

float x,float z)
from type MapUser
{

actortype * ancestor = dynamic_cast
<actortype *>(sender);

if (_input.find(ancestor) != _input.end())
{

if ( (pow((xGoal - x),2) +
pow((zGoal - z),2)) > (2*2))

{
sender -> moveTo(xGoal,zGoal);

}
else { _cpt++; }

}
};
// ------- waiting fo the end
waitfor(_cpt == _number);
}

Imagesof �gures 16 illustratedifferentstepsof the sce-
narioexecution.

1. The red arearepresentsthe target areaof the statuette.
Theblueroboton theright, is on theway to take its own
statuette.Someautonomousagentscan be seenon the
background.Their behaviour consistin beingin theway
of thevisitor duringhis searchof thestatuette.

2. The user has startedto move in the direction of the
statuette. In reaction, scenarios crampGroup1aand
crampGroup2aasked two groupsto move in its direc-
tion: thevisitor will have to avoid them.

3. After having avoidedthosegroups,a third oneis moving
in its direction(scenariocrampGroup3a). Thestatuetteis
now clearlyin the�eld of view of thevisitor.

4. Thevisitor takesthestatuetteby usingtheblueray.

5. At this moment,whenhe turnsaround,the usercansee
a groupof autonomousagentsjust aroundhim (scenario
crampGroup3b). Theredarrow shows thelocationof the
robotwho is moving slowly in thedirectionof theother
statuette.

6. Therobottakesits own statuette.

7. On the way back, the two �rst groupswill crossagain
the visitor path (scenarioscrampGroup1band cramp-
Group2b).

8. Thevisitor leavesthestatuetteat its target location.This
is theendof themanipulationandof thescenario.

5. Conclusion

In thispaperwehavepresentedthearchitectureof ascenari-
o authoringsystem,basedon a high level descriptionlan-
guage.Internalrepresentationis basedon theuseof Allen's
logic andof rewriting rulesto producehierarchicalstatema-
chines.Dedicatedinstructionsof the languageconcerning
SchedulingandActor Managementissueshasalsobeenp-
resented.UsingC++codeinsidethescenarioprovidesthea-
bility to describealargevarietyof scenaristicelementswith-
outbeinglimited to aspeci�c descriptionlanguage.Thevir-
tualmuseumexampleillustratesoneof theadvantageof our
approach:the temporalsynchronizationof differentscenar-
iosallows to reachtheobjective withouthaving to write one
big scenariointegratingall features.Someof the scenarios
aregenericandcanbeusedfor severalkindsof application,
like thesupervisionscenarioto triggeranareaor themove-
Groupscenarioaskinga groupof charactersto reacha spe-
ci�c location.By using this scenariolanguagein common
with triggersinsideapplicationsintegratingcontrollableau-
tonomouscharacters7, it is veryeasyto describethreeof the
four categoriesof scenariogiven in section2: rules,ambi-
ent andsequenceof actions.Concerningthe goal oriented
family of scenarioit is necessaryto addanactionplanning
functionalitywhich is not partof our scenariolanguage,but
it caneasilybecombinedwith.

Nevertheless,ourscenariolanguageapproach,combining
theuseof dedicatedinstructionsin commonwith C++parts,
restrictsthe useof scenariolanguageto programmers.De-
spitethe bene�ts of the languageapproachdescribedearli-
er, the descriptionof behaviour remainsquite dif�cult for
peoplewho are not computerscientists.Thereforewe are
workingonahigher-level speci�cationlanguage,in orderto
allow behavioural specialiststo specifyandtesttheir mod-
els in an interactive simulation.Work in progressconcerns
theconnectionof our scenarioprogramminglanguagewith
theXML outputof a scenarioauthoringtool9. This author-
ing tool allowsscenariststo describescenariosof interactive
�ction in naturallanguage.A syntacticandspatio-temporal
semanticanalysisof phrasescorrespondingto actionsis per-
formedand the result consistsin a decompositionof each
action phraseinto several parameters(like the natureand
mannerof the action,the subjectand the objectof the ac-
tion) andin a speci�cationof their relative positioningon a
commontemporalaxis.
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Figure16: Snapshotstakenfroman interactiveexperiment.
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