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Abstract

Behavioual animationtechniquesprovide autonomousgharacters with the ability to reactcrediblyin interactive
simulations.The direction of theseautonomousagentsis inherently comple. Typically, simulationsevolve ac-
cording to reactiveand cognitive behavious of autonomousgents.Thefree ow of actionsmalesit dif cult to

preciselycontmol the happeningof desiedevents.

In this paper weproposea scenariolanguage designedo supportdirectionof semi-autonomousharactess. This
language offerstemporl manajementandcharactercommunicatioriools. |t alsoallowsparallelismbetweersce-
narios,anda form of competitiorfor thereservatiorof charactess. Seerfromthe computingangle this language
is generic:in otherwords, it doesnt male assumptiongboutthe nature of the simulation.Lastly, this language
allows a programmerto build scenariosin a variety of different stylesrangingfrom highly directedcinema-lile
scriptsto scenarioswvhich will momentarynely tunefreestreamsof actions.

CatagyoriesandSubjectDescriptorgaccordingo ACM CCS) 1.3.6 [ComputerGraphics]:Languages

1. Intr oduction

Thegoalof thebehaiouralmodelis to simulateautonomous
entitieslik e organismsandliving beings.A behaioural en-
tity hasthe following capabilities:perceptionof its envi-
ronment,decision,action and communication*. The sce-
nario componentof a behaioural simulation carries out
the responsibilityfor orchestratingthe actvities of semi-
autonomousagentsthat populatethe virtual ervironment.
In commonpractice theseagentsare programmedasinde-
pendententitiesthat perceve the surroundingervironment
andundernormal circumstancedehae asautonomousa-
gents.However, in most experimentsand training runs 13,
peoplewant to createa predictableexperience.This is ac-
complishedthroughthe direction of agents behaiours. To
facilitate coordinationof actiities, actorshave to be built
with interfacesthroughwhich they canreceve instructions
to modify their behaiours. Scenarioprocessesontrol the
evolution of the simulationby stratgically placing object-
sin the ervironmentandguiding the behaiour of actorsto
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createdesiredsituations.ScenarioAuthoring Tools are al-
so importantfor digital crowvds usedas specialeffects for
the cinemalndustry Jon Labrie, Chief TechnologyOf cer
at Weta,who wasin chage of crowd animationfor the Im
ThelLord of the Ringssaid: It turnsout thatit is at leastas
dif cult to contol anintelligentautonomousgentasit is to
contol arealactor They don't necessarilyddowhatyouwant
themto do. Sotoolsfor choreayraphyare just asimportant
as anythingelsé4. Anotherdomainin which scenariobe-
comesvery importantis theinteractve art experiencen vir-
tual or mixedreality 10 20: the problematichereis to provide
away for theartistto controltheinteractve experiencdived
by theuserashis actionsarenot predictable.

To onepoint of view, a scenariccanbetreatedasthe be-
haviour of adisembodieabject.This suggestshatthesame
languagesisedo programthebehaioursof simulatecchar
acterswith materialpropertiescanbe usedto programthe
modulesthat manipulatethe ervironmentby creating,de-
stroying or modifying characteristicof entities,and coor
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dinating the actionsof otheractors.A numberof research
teamsworking on simulationhave convergedon hierarchies
of parallel statemachinesasa modelfor programmingre-
active behaiours 1216 2.8 \\e think that the statemachine
modelhasalsomuchto offer for scenarigpgrogrammingThe
issuein this paperis to presenhow we intendto describea
scenariovhoseobjective is to partially constrairthe activity
of semi-autonomousntities.

2. RelatedWorks

ASAS, proposedy Reynoldsin 198218, is oneof the rst
animationlanguagebasedon actorsandscripts,andits goal
is to offer to the animatorthe ability to controlananimated
sequencéy usingascript. ASASis basedn LISP, andadds
speci ¢ notionssuchasgeometricand photometriccharac-
teristics,transformationoperatorsand the datastructureof
an actor Ridsdaleet al. ° proposeda systemto animate
characterén atheatricalenvironment.A scenarids decom-
posedin a sequencef scenedor which the scenaristhas
to de ne, initial and nal locationof actors.their goalsand
relationalconstraintsAn expertsystemis usedto determine
actionsthateachactorwill haveto performduringthescene.
If we addresghe problemof controlling semi-autonomous
entities theprecedinglescriptve languagesannoteof use
asit isimpossibleto know in advancethebehaiour of char
actersln sucha casea simulationconsistof decentralized
autonomousgentshatevolve in anenvironmentandinter-
actwith eachotherandwith the ervironment.In the caseof
a semi-autonomousentity model,instructionsmight be giv-
en by a coordinator Differentkinds of coordinationcanbe
implemented:

goal oriented: de ne goalsto achiere duringtheanimation.
The main compleity consistsin planningactionsto be
doneby actors;

rules: obsenre actorsevolving in thesceneandon aspecif-
ic situation,starta script;

ambient: thereis a main characteusuallythe userin the
loop) andall actionsof other actorsare determinedde-
pendingon his own behaiour andare executedin order
to testandstudyhis reaction;

sequenceof actions: determinea setof actionto be done
andtheirtime schedule.

In all thosecasesa script cannotbe exhaustve andvir-
tual actorsshouldbeableto improvise or decidethemseles
actionsto perform.A scriptwill specifyactionsonly on a
few numberof entitiesat eachtime andall othershoulde-
volve autonomouslyOn the basisof their behaioural mod-
el describedwith SCA control loops (re exive behaiour)
andPatNets( nite statemachines)Badleret al. 2 propose
to use higher levels of PatNetsto de ne goals of actors
andtheir scheduleln a similar way, J. Kearng etal. > use
HCSMs (HierarchicalConcurrentStateMachines)in their
Hanksimulatorto describeambientscenariosactingon the

trafc aroundthe userdriven car Suchscenariosare com-
posedof triggersand beaconswhich are usedto produce
somespeci ¢ events and directorswhich are responsible
for choreographingentity behaiours to createspeci c sit-
uations.More recently P. Willemsen?22 introducesSDL, a
ScenarioDescriptionLanguagelt is aninterpretedscript-
ing languagehatinteractiely evaluatesexpressionentered
by anexperimenteiandtranslatesheminto HCSMinserted
andexecutedinto a simulator This languagecontainssome
instructionssuchas mathematicafunctions,conditionsand
four monitor statementgwhen, every, aslongaswheneer).
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 themconsistsn a scriptlanguagevhereaction,
motion andbehaioural rulesarede ned in orderto speci-
fy the crowd behaiours. Improv is an authoringsystem?”
for scriptinginteractize actorsin virtual worlds. Participants
arerepresentedy fully articulatechuman gures or avatars.
Body movementsof avatarsarecomputedautomaticallyby
thesystem.Theauthorneeddo controlthe choicesanactor
makesandhow the actorsmove their bodies.Authorsspec-
ify individual actionsin termsof how thoseactionscause
changesover time to eachdegreeof freedom(DOF) in the
model.An Improv actorcanbe doing mary thingsatonce,
and thesesimultaneousactiities can interactin differen-
t ways.Theauthorcanplaceactionsin differentgroups,and
thesegroupsareorganizednto a "back-to-front"order Ac-
tionswhich arein the samegroupcompetewith eachother
andeachaction possessesomeweight (global actionsare
locatedin thereargroups,andlocal onesin thefront group-
s). Differentscriptscanrun in paralleland canbe ordered
on the sametemporalreferentialby usinginstructionslike
wait n second. In thatcase starttime of actionsaresched-
uled.Nondeterministidbehaiourscanalsobeexpressedy
specifyingthatan actorhasto choosefrom a setof actions
or scripts.Weightscan be usedto affect the probability of
eachitem beingchosen.

Usually scriptsareappliedto virtual actorswhich do not
haverealcognitionandhenceareunableto understanaatu-
ral languagé?. Anotherkey issues thetranslatiorof scripts
or scenariosvrittenin asimpli ed form of naturallanguage
into somethingunderstandablby virtual actors.N. Badler
et al. 3 proposedo control characteractionsby usingsen-
tencesexpressedn naturallanguageTo supportlanguage
understandingndto transformit into actionsexecutedby
autonomousharactersthey have introducedhe PAR mod-
el (ParametricAction RepresentationA PAR givesa com-
plete descriptionof an action,andit is parameterizedby a
setof characteristicsvhich canbe given asadjunctsto the
actionverbin a sentenceOneof the biggestproblemin us-
ing somekind of naturallanguagéo specifyscenarioss the
referenceto objects.In the currentdiscourseijt is usualto
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say"the object", because¢he authorknows which objecthe
is talking about,but in ascenaridt is necessaryo nameob-
jectsor to referto themby a designatioroperationin some
very directive scenariosthe animatorwill be ableto give
a nameto all objectsandtherewill be no ambiguityin the
descriptionput in othercasedik e situationswhich produce
eventsto starta goal orientedscenariojt is not possibleto
planin adwancewhich objectswill beinvolvedin it. Our ob-
jective is to specify a languagewhich will allow dynamic
selectionof actorsat run-time basedon classand set op-
erations.This languageshouldbe ableto describethe four
kinds of scenariosand mix themtogetherIn this paperwe
will focuson the structureof the scenaridanguageandwiill
illustrateits potentialuseon anexample.

3. ScenarioAuthoring
3.1. Intr oduction

We have speci ed a scenariolanguagewhich allows a de-
scription of scenariosin a hierarchicalmannerand their

schedulingat simulationtime. This languagehasits own

syntaxandis compoundedf a setof speci ¢ instructions.
Thelanguageontainsclassicinstructionssuchasif, switch,
repeatuntil, randomchoice,wait which areexecutedinside
atime-steplt containsalsomorespeci c instructiong(wait-

for, eachtimeaslongasevery) thatwill spendmorethanone
time-stepto be nished andthatcanrunin parallelduringthe
executionof the scenariathey belongto. All thoseinstruc-
tions canbe composedn a hierarchicalmanner To man-
ageactors,the languageoffers also speci c instructionsto

specifythe interfaceof anactor to resere andfree actors.
By usingpriorities,a scenariccantake anactorfrom anoth-
er one,which will be informedby a messageConcerning
messagesachscenariocan subscribeto thosethat are of

interestto itself.

Simulation Observation
Triggers and Sensing functions

moyereq

events/ function events
terminate, call _ request,
| start il search
Schedulef. 1 Scenarios|
|7 started| J result
‘ terminated

Actors actionrequest

Manager

actiontermination|

uonedlunwwo)d

JusA3

temporal inconsistency detection

Figure 1: Theglobal architecture.

A scenariocan be decomposednto sub-scenariognd
eachscenariois correspondingo a setof tasksor actions,
orderedon a globaltemporalreferential.Tasksin a scenario
canmodify characteristic®f actors,createthemor askan
actorto performa speci ¢ action.A scenariocanstartat a
prede nedtime given by the authorbut can also be start-
ed whena situationoccurs(conditionalscenario).Someof
thoseschedulingnformationsare storedin a dynamicexe-
cution graph.A schedulerusesit to startor terminatesce-
narios.To detectsituations,triggersand sensingfunction-
s are managedy the simulationobseration (cf gure 1).

¢ TheEurographic#ssociation2003.

For example,a circulartriggerwill detectary objectenter

ing or exiting its area.Insteadof creatinga completeand
self-containedanguagee have choseran openapproach
which consistsn afull integrationin C++. As explainedbe-
low, the scenaridanguages built uponC++ andit is possi-
ble to introduceC++ codeeverywhereinsidescenarios.

3.2. StateMachine Approach

A statemachineapproacthasbeenchoserto specifymost
of the instructionsof the scenariolanguageand also their

composition Dueto the expressiity of their graphicalrep-

resentationwe will presentit to specify the semanticsof

thoseinstructions Eachstatemachineis composef states
andtransitionsbetweenstates As illustratedin gure 2, a

transitionbetweena stateA and a stateB is composedf

two parts:a conditionanda sequencef actions.If thesym-

bol # is the condition part, it meansthat the condition is

always true, while if # constitutesthe action part, no ac-

tion is associatedo the transition. Each statemachineof

the systemis eitheran atomic statemachine,or a compos-
ite statemachine. Somespeci ¢ instructionscanbe usedto

start(start(SM) andterminate(terminate(SM) a sub-state
machineSM andto know if a setof sub-statanachinesare

terminated end@MV1 :::SMp)).

Optional durationparametergan be attachedo a state.
The rst one(dmin) is usedto forcethestatemachineto keep
a stateactive for aminimumduration.This allows the mod-
elling of delay:it is not possibleto re ary transitionuntil
thetime spentin the statebecomehigherthanthis duration.
Onthecontrary amaximumdurationdmax canalsobe spec-
i ed. Whenthis valueis reachedan eventeodis generated
in orderto warnthe systenthatsomethinghatshouldhave
happenedctuallydid not.

@ condition / actions .

[dmin,dmax,eod]

d/#
@ 6\ €0 too late
# [ start(SM1)
Ic / timegate

Figure 2: the statemadine model

Our statemachinemodelmalkes useof the superstese-
manticsof Statechartd?, i.e. the ability to re severalfol-
lowing transitionsat the samedate,this beinglimited by a
timegate(which preventsfrom ring thefollowing transition
atthesamedate).This statemachinemodelhasbeenimple-
mentedthrougha descriptionlanguagewhich is compiled
andusedto generateC++ codé.
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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 state machines.Then, hierarchy schedulingand actor
managemerissuesareaddressedConcerninghe grammar
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 thealternatve operatorA statemenéenclosed
in {} is optionaland[] areusedto enclosealternatves.

Languale := { list_of Actos} { list_of Moduleg
scenario( scenario)
scenario  ::= scenariolD ({ parametes} )

{ scenarioDet
scenarioDef:= (instance)* schedulej SeqElemask

The rule list_of_Actos is usedto specifythe C++ type
of the Actor's Interface,while the rule list_of Modulesis
usedto specifywhich objectshave to be createdto receve
actors.Eachscenariois composedf a name(ID), a setof
parameterg¢rule parametes) andabodyscenarioDefnside
braclets. Two alternatves are offeredto describethe body
partof a scenariqrule scenarioDebf thegrammar):

a meta-scenariocomposedby different sub-scenarios
(namedand parameterizedand a speci ¢ partto speci-
fy their scheduling.

instance
schedule

::=instancelD of ID (Params);
= schedule{
[ allenRelationj instantRelatio* };

ascenariaconsistingof a sequencef elementarynstruc-
tions(rule SeqElemdsk).

SeqElemdsk ::=elem®bsk;
({ wait (timeExp), } elem®sk; )
::= [Declarationj Implementation
j Includej Destructor
j if j switch j repeat
j waitfor jasLongAg eadtimej every
j join j randomChoic¢ use
j extractionj subscription
j reservg freej con scation

elemBsk

All instructionsin a sequencg(rule SeqElemdsk are
executedone after eachother An optional delay can be
speci ed.

instructionA; wait(dz),
instructionB; wait(d>),
instructionC;

A; wait(d), [d.d.eod]

#i# A #i#

eod/#

Figure 3: translationof A; wait(d),

Insideasequencef elementaryasksmostof theinstruc-
tionsarecompletelyspeci ed by state-machines heir cor-
respondingtate-machinewill bepresentedo offer abetter
understandingf theirsemanticsAs rst example the gure
3 givesthetranslationinto a state-machinef theinstruction
A; wait(d),

3.4. Elementary Tasks

As the languagés built uponC++, it is always possibleto
includeC++ codeeverywherensidescenario®y usingfour
speci ¢ instructions:include, declaration,implementation
anddestructor

Include == include {include_blo&};
Declaration  ::=declaration {declamation_blod};
Implementation:= implementation {code_blok};
Destructor .= destructor {destructor_blok};

The four rulesare usedto directly include speci c C++
instructions.The include_blo& will be usedto insertC++
#includeinstructionswhile thedeclamtion_blod is usedto
declareC++ variableshatcouldbeusednsidethescenario.
The code_blok is usedto inserta sequenc®f instructions
written in C++ andthe destructor_blok is usedto give the
speci ¢ C++ sequencef instructionsthatshouldbe execut-
edwhenthescenariovill beterminatedinsidea scenarioit
is possibleto insertseveralinclude declaation andimple-
mentationblocks, but only one destructorblock is allowed
perscenarioThecontentbof thoseblocksis notanalyzediur
ing theparsingof thescenaridanguageut will beanalyzed
duringthe C++ compilation.

The four following rulesif, switch, repeatand random-
ChoicedescribeusualconditionalexpressionsWe will de-
scribe them by giving examples. Instructionsif,  re-
peat andswitch areexecutednsideatime-stepandcor
respondso theirusualmeaningln thoseinstructionsandthe
following onesub-sequence A meansary sequencef
elementarynstructions(rule SeqElemask).

Therandom choice instructionallows to choosebe-
tweendifferentsubsequencegachof themis guardedoy a
conditionandmay have aweight(default weightis equalto
one). The choiceis madebetweenall subsequenceshose
guardingconditionis true,andby taking into accounttheir
relative weight.
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if (c) { switch (num_epr) {
sub-sequencAl case(l) {
} sub-sequenc€l
else{ }
sub-sequencA2 case(2to 4){
I sub-sequenc€?2
}
else{
repeat{ sub-sequenc€3
sub-sequencBl }
}until( ¢); h

Figure 4: Instructionsif, repeatand switch.

Thewaitfor  instructionis a very simple synchroniza-
tion instruction: waitfor(conditior), and its effect is also
verysimple:Theexecutionof thecurrentscenarias stopped
until the conditionbecomesrue.

random choice{
condition (cond) {
sub-sequencBl

condition (condd weight(5) {
sub-sequencB2

}

Figure5: Instructionrandomchoice.

The gure 6 shavs the statemachinefor the waitfor
instruction.

waitfor(c)

0=0

Figure 6: translationof thewaitfor instruction.

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

aslongag(c) {
sub-sequencA

h

Asillustratedon gure 7, the meaningis: aslong ascon-
dition c is true, run sub-sequenc@. As A can be stopped
at ary time, two distinct statemachinesare necessanpe-
causeof thisterminationcondition(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 chage
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of startinga sub-statenachine(son ) andof controlling, at
eachtime-stepthevalueof theconditionc. Whenc becomes
false,it terminateghe currentA. The secondstatemachine
is in chage of executingthe sub-sequencaA. If theendof A
is reachedwhile c is true,do A againat the next time-step.
Thetimegate instructionavoidsin nite loopingif thes-
tatemachinerepresentingh hasno duration.

aslongas(c) {A} son
c/start son i
Ic/# ‘ A
Ic/terminate son
#/timegate

Figure 7: translationof the aslongasnstruction.

The eachtime instruction is designedfor reactve

scenarios:

eachtime(cy) {
sub-sequenca
} until (c);

As shawvn in gure 8, the scenariocontinuesjust after
the eachtimes launch,in parallelwith the eachtimes loop
(which runsvia theloop statemachine).Several instances
of the sub-statamachineA cancoexist at the sametime de-
pendingonthedurationof thoseinstancesThe rst instance
of Aislaunchedf clis truewhentheinitial stateis reached,
or whencl becomegrue. But otherinstancesarelaunched
only if c1 becomedalseandthenagaintrue. The timegate
instructionis usedfor the samereasonasfor the aslon-
gas: only oneA is launchedduring onetime-step The exit
conditionuntil(c2) is optional. Whenit is used,the termi-
nationof the loop statemachinedepend®n c2 but alsoon
the terminationof all the A;. Whenc2 is not used,thereis
no nal statein the loop statemachine.The terminationof
this statemachinewill thendependn theterminationof its
parent.

eachtime(c1) {A} until(c2) loop cl.lc2/

start new(Ai);
O timegate
02’/#/
. Icl.\c2/# .

#/start loop

Figure 8: translationof the eathtimeinstruction.

end(A1,A 2,... )I#
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Theevery instructionis usedto launchaninstanceof a
sub-scenarieachtime a delayis reached:

every (delay) {
sub-sequencA
} until (c);

Asfortheeachtime instruction,aloop statemachinds
launchedandrunsin parallelwith thescenaridcf gure 9).
The rst instanceof A is launchedonly afterthe rst d de-
lay. It is possibleto useaterminationconditionc. If c occurs
duringadelay nomoreA will belaunchedHereagain,dy-
namicstatemachinesareused pecausenultiple instance®f
A cancoexist atthe sametime, if thedurationof A is longer
thand.

every(d) {A} until(c) loop
Ic.eod/
start new(Aj)

[0,d,eod]

%1,A2,... Y

Figure 9: translationof the everyinstruction

#/start loop

Thejoin instructionis usedasa point of synchroniza-
tion in a sequencef instructions.It permitsto wait for the
completeexecutionof all eachtime andevery instruc-
tions currently running inside the currentsequencelf the
join  instructionis usedafter an eachtime or an ev-
ery instructionwithoutanuntil  condition,thepartof the
sequencéollowing thejoin instructionwill never be exe-
cuted.

every (delay) {
sub-sequencA
} until (c);

join;

Figure 10: Thejoin instruction.

Theuse instruction(usesc_namésc_p,..., SC_)) per
mits to start the execution of an instanceof the scenario
sc_namaeas a sub-scenari@f the currentone. The current
sequencef instructionis stoppeduntil the end of the ex-
ecutionof the called sub-scenarioDue to the semanticof
instructionseachtime andevery , only a subpartof the
scenariomay be stoppedandotherpartscanrunin parallel
with thesub-scenaridn theexampleshavnin gure 11,de-
pendingon theevolution of thevalueof theconditioncy, the
sub-scenariecenarioAcanbe eitherexecutedbefore,after
or canoverlapthe executionof the sub-sequenca.

eachtime(cy) {
eachtime(cy) {
sub-sequenca
h
usescenarioA(param ...);
sub-sequencB
h

sub-sequenc€

Figure 11: Exampleof a call to a sub-scenario.

To representthe sequenceof instructions,their corre-
spondingstate-machinebave to be concatenatedby using
transitionswithout conditionnor action.A simpli cation al-
gorithmis thenusedto reducethe numberof statesandtran-
sitionsasillustratedby theexampleof gure 12.More com-
plex simpli cations canbe operatedbut have not yet been
implemented.

aslongas(c1) {Alhwaitfor(c2)

clstart son  !cl/terminate son
O—O—C-0~0O

lcl/#

cl/start son Icl/terminate son

c2/#

Simplification

lcli#

Figure12: Anexampleofthecompositiorandsimpli cation
of state-mahines.

3.5. Actor Management

An importantpartof scenaricconcernghe ability to dialog
with autonomousharactersin our languagethis is done
via aninterfaceof actor For eachobjectwith whichthesce-
nariowill have to interact,aninterfacehasto be built. This
interface describeghe way the scenariocan communicate
with theactor This actorcanbeanautonomousgentput it
canalsobeacameraga button,atrigger or ary reactve ob-
ject.All actorswill bememberof theglobalsetActorSet
andwill alsobelongto aspeci c type of actor Differentop-
erationscan be performedon sets(union, intersectionand
subtraction) We have alsode ned theforall  instruction
to executeof a sub-scenari@\ for all the componentx of a
set.A correspondingtatemachineA(x) is startedfor each
instanceof x. All thesestatemachineswill be launchedat
thesamedogic instant.

extraction = forall ID { typeID } in ID
{cod¢g¢
reserve ::= resewe (actorReserve

(, actorReserve )

{ succesgcodg

failur e{codg }
actorReserve:= [fromID to ID { count(codg }

jactor 1D ]

{ priority( codg }
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free = free[[(se)]j[actoriD]]
con scation ::= oncon scation(parametes)
{codé

subscription ::= on ID(parametes)
from { actor ID }
type ID {codg
parametes ::= parameter(, parameter)
parameter = (T_IDj*j&j:)*

As severalscenarioganrunatthesameime, we have de-

ned aresenationmechanisnwhich allows ascenarido be
surethatit will betheonly oneto dialogwith asetof actors.
Thisis doneviathereserve instruction.lt is bothpossible
to resene speci c actors(actor ID) or a certainnumber
of actorsbelongingto a set(from originSetto targetSef
count (numbej }). An optionalpriority allows a scenario
to specifyits level of interestfor anactoror agroupof actors.
As someof the actorscanalreadybe usedby otherscenar
ios, this resenation may either be successfu(executionof
thesuccess block ) or not (executionof the failure
block ). Dueto thepriority speci cation,ascenarichasthe
ability to take anactorto anotherone:the confiscation
instructionallows a scenarioto be informed of this con s-
cation.Thefree instructionallows ascenarido releasean
actoror a setof actors.For example,in the following sce-
nario (crampGpoup), someactorsareselectednsidethe set
_visitorsto participateto the scenario Eachtimeanothers-
cenariocon scatesoneof thoseactors,it is suppressettom
theset.

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

)

{

include  {

#include  "ActorSet.h"
h

declaration {

ActorSet  _visitors;
ActorSet  _reserve;

int _number;
bool _inProgress;
h
c++ {
_number = ptrVisitorSet.size();
if (_number > requested_number)

{ _number = requested_number; }
_visitors = *ptrVisitorSet;
_inProgress = true;
h
reserve  (
from _visitors to _reserve
count(_number) priority(_priority)

)
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{
success { }
failure {
cout«"Warning n
initial reservation
exit(0) /ltermination;

Problem during the
of actors"«endl;

}
I8

forall visitor in _reserve
{ ptrVisitorSet -> erase(dynamic_cast
<actortype *>(visitor)); h

on confiscation(actortype *
confiscated_actor)
{
_reserve.erase(dynamic_cast<actortype *>
(confiscated_actor));
_number = _number - 1;

8

aslongas

{

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

h

free(_reserve);

}

(_number>0 && _inProgress)

Theinstructionon EventNametransmitterotherparam-
eters) from { actor ID } type ID {codg is executed
whenthe scenariareceve an event EventNamgandby this
way allows a scenarioto receve information from actors.
For example,in the following scenarioa click on a button
will generatehe call to a speci ¢ sub-scenaricSecondary-
Action.

scenario  scenarioClick(
ActorSet  * ptrBadGuy,
ButtonActor * button
)
{
include  {
#include  "ButtonActor.h"
#include  "ActorSet.h"
h
declaration { bool _click; %
on Leftclick(ButtonActorGenerator *
transmitter)
from actor button type ButtonActor
{ _click = true; }
c++ { _click = false; 5

eachtime(_click)

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

join;
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3.6. Scheduling

At thelower level of granularity a scenarids composeaf a
sequencef elementaryasks.Theschedulingpf elementary
tasksis expressedy the concatenatiomf corresponding-
tatemachinesThe structureof a scenariocanalsobe spec-
i ed asahierarchyof parallelsub-scenarioandscheduling
constraintgtemporalrelationsbetweerthem).Suchkind of
scenariawill bewritten by usingthefollowing syntax:

instance ::= instancelD of ID (Params;
schedule ::= schedule{
[ allenRelj instantRel ™ };
allenRel == 1ID[
equalsj beforej after j meetsj
met by j overlapsj
overlapped by j during j
containsj starts j started by j
nishes j nished by
11D;
instantRel ::= [ start j end] of ID
instantRel0
[ startj end] of ID ;
instantRelQ:= [ { (duration) } [ beforej after ] j
equals]

Eachscenariocan be representedby a temporalintenal
with its initial and nal instants.All temporalconstraints
betweensub-scenarioareexpressedn a scenaridby using
Allen'sandinstantlogic. J. Allen 1 hasde ned alogic mod-
el which permitsto describeall possiblerelative positioning
of two temporalinternvalsalonganaxis(cf gure 13).In the
instantlogic, the relative positioningof two instantsalong

thetemporalaxisis eitherbefore , after orequals .
Aequals B | —
—
AbeforeB  F—1 i AafterB
[ e | —:
AmeetsB ——  AmetbyB
— —
A overlaps B '_‘ ’_‘ A overlapped by B
e | -
A during B | — A contains B
A starts B — ! A started by B
i —
A finishes B P F—— Afinished by B
P —

Figure 13: Allen'srelationsbetweenwo intervals.

The exampleof gure 14 illustratesthe useof thosein-
structions.Each Allen'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, asit is

scenarioname(parameters)

instancesc of subScenarigparameters)
instanceso of subScenarig{parameters)
instancesg of subScenarig{parameters)
schedulef

Sg starts sc;

s hishes sq;

endof s¢ (12.0 before start of sc3;

k

Figure 14: Exampleof a scheduledscenario.

a NP hardproblemto nd a solutionto the descriptionin
the generalcase.From the set of relationsa directedval-
uatedgraphis constructedvhosenodesare extremities of
intervals. This descriptionis logically consistenif thereis
at leastone solutionto order extremitiesof sggments.The
consisteng of the descriptioncanbe checled by searching
for circuitsduringa uniquegraphtraversal.

For eachschedulingolockinsidea scenarica correspond-
ing schedulerwill usethe graph structureat run-time to
schedulesub-scenarioexecution.However, errorscanoccur
atrun-timeif somescenarioglo not respectconstraintsm-
posedn thepartialorder Thiswill bedetectedy thesched-
uler whichwill destry suchinconsistensub-scenarioghe
global consisteng of a scenariodescriptionremainsunder
the controlandresponsibilityof the programmer

3.7. Conclusion

We have developeda speci ¢ compilerfor our scenaridan-
guage.Eachscenariois compiledandtransformednto an
equialentC++ code,andby linking it with precompiledi-
braries,a scenariomanagerobjectis obtainedthat can be
usedin asimulationapplicatiori.

4. ScenarioExample

Differentscenariohave beendevelopedto illustratethe ca-
pabilitiesof our scenaridanguagé. Oneof themis present-
ed;it takesplaceinsideavirtual museumyisitedby agroup
of autonomousagents.In this scenario,actionsof the us-
er will determinethe executionof different sub-scenarios.
The goal of the userconsistsin nding andtaking a stat-
uetteon its pedestahnd comingbackto putit onasecond
pedestalTo performhis taskthe userusesa handmadepe-
ripheralcomposeaf two mousesanda magneticsensoiput
onboard.A yellow ray representgts directionof navigation.
A blueray, whoseorientationis controlledby the magnetic
sensor(a ock of bird with 6 degreesof freedom)will be
usedby the userto selectand move the statuettansidethe
museum Differentbuttonson the peripheralallows the us-
er to go straight,andforward, to turn left andright andto

¢ TheEurographic#ssociation2003.
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take andreleasethe objectselectedby the blue ray. During
the displacemenbf the userin the museum threegroups
of visitors (Group1,Group2and Group3 will becontrolled
by differentscenario$o cramphis navigation.Fourteersub-
scenariohave beenspeci ed andarescheduledsfollows:

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

of visit;
start of startGroup2 equals start
of visit;
start  of supervisionl equals start
of visit;
supervisionl meets crampGroupla;
supervisionl meets crampGroup2a;
supervisionl meets supervision2;
supervision2 meets supervision3;
supervision2 meets crampGroup3a;
crampGroup3a meets crampGroup3b;
supervision3 meets crampGroup3b;
supervision3 meets supervision4;
supervision4 meets crampGrouplb;
supervision4 meets crampGroup2b;

Figurel5illustratesthe obtainedschedulingoetweerthe
differentsub-scenario§-herobotscenariaontrolstherobot
displacementit startsat the beginning of the main scenari-
o andterminatesvhenthe robothas nished to performits
actvity. The startGroupandstartGroupZcenariogasktwo
groupsof visitorsto go ontheway of theuser startGroufl,
2] and crampGroufla, 1b, 2a, 2b, 3a, 3h aredifferentin-
stance®f the samescenariocrampGrouplescribedabore.
Thosescenariosare usedto crampthe user displacemen-
t dependingon its own locationinsidethe virtual museum.
supervisioft, 2, 3] aredifferentinstance®f thescenaricsu-
pervisiongiven belan. They areusedto track the displace-
mentof theuserinsidethe museumA rectangulatriggeris
usedand when the userentersthe correspondingareathe
scenariois ended.Due to the temporalrelationsbetween
both families of scenariogcrampGroupand supervisiol,
the userjourney indirectly control the displacementf the
differentgroupsof visitors.For example the scenaricsuper
vision3terminatesvhenthe useris nearthe statuetteBy its
ending,the scenariocrampGroup3bs startedand asksthe
third groupto go aroundthe user(cf image5 of gure 16).

visit

robot

startGroupl supervision3 crampGroup3b

startGroup2

supervisionl  crampGroupla supervision4 crampGrouplb

crampGroup2a| crampGroup2b

supervision2 | crampGroup3a,

Figure 15: Sthedulingof the sub-scenarios

¢ TheEurographic#ssociation2003.

scenario  supervision(
MuseumTriggerActor * manager,
float  xCenter, float zCenter,
float  width, float length
include  {
#include  "MuseumTriggerActor.h" h
declaration { bool _enter; }
M----- init
c++ {
_enter = false;

manager -> trackPosition(xCenter,zCenter,
width,length);

/----- waiting  for the user
on enterArea( MuseumTriggerActor
float x, float 2)

* sender,

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 scenariomoveGrouppresentechow is usedas sub-
scenarioof the crampGroumneto controlthedisplacement
of agroupof visitorsto a new location(actionmove™ sent
to eachmemberof theset_inpul.

scenario
(
ActorSet  * input,
float xGoal, float
)
{
include {
#include
#include

J

moveGroup

zGoal

"ActorSet.h"
"MapUser.h"

declaration {
int  _number;
int _cpt;
ActorSet

h

_input;

" - init

c++ {
_number = input->size();
_cpt =0

_input *input;

displacement
forall humano type ptrMapUser in _input

{
J

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) 1= _input.end())
{
if ( (pow((xGoal - x),2) +
pow((zGoal - 2),2)) > (2*2))
{

sender -> moveTo(xGoal,zGoal);

}

else { _cpt++; }

h
I - waiting fo the end
waitfor(_cpt == _number);

}

Imagesof gures 16 illustrate differentstepsof the sce-
narioexecution.

1. The red arearepresentshe tamget areaof the statuette.
Thebluerobotontheright, is ontheway to take its own
statuette Someautonomousagentscan be seenon the
backgroundTheir behaiour consistin beingin the way
of thevisitor during his searclof the statuette.

2. The user has startedto move in the direction of the
statuette. In reaction, scenarios crampGrouplaand
crampGroup2asked two groupsto move in its direc-
tion: thevisitor will have to avoid them.

3. After having avoidedthosegroups athird oneis moving
in its direction(scenariccrampGroup3a The statuettds
now clearlyin the eld of view of thevisitor.

4. Thevisitor takesthe statuetteby usingtheblueray.

5. At this moment,whenhe turnsaround,the usercansee
a groupof autonomousgentgust aroundhim (scenario
crampGroup3p Theredarrav shavs thelocationof the
robotwho is moving slowly in the directionof the other
statuette.

6. Therobottakesits own statuette.
7. On the way back,the two rst groupswill crossagain
the visitor path (scenarioscrampGrouplband cramp-

Group2h.

8. Thevisitor leavesthe statuetteat its targetlocation. This
is theendof the manipulatiorandof thescenario.

5. Conclusion

In this papemwe have presentedhearchitectureof ascenari-
o0 authoringsystem,basedon a high level descriptionlan-
guagelnternalrepresentatiors basecon the useof Allen's
logic andof rewriting rulesto producehierarchicaktatema-
chines.Dedicatedinstructionsof the languageconcerning
Schedulingand Actor Managementssueshasalsobeenp-
resentedUsingC++ codeinsidethescenarigrovidesthea-
bility to describealargevarietyof scenaristielementswith-
outbeinglimited to aspeci ¢ descriptionanguageThevir-
tual museunmexampleillustratesoneof theadwantageof our
approachthe temporalsynchronizatiorof differentscenar
ios allows to reachthe objective without having to write one
big scenariointegratingall features Someof the scenarios
aregenericandcanbe usedfor severalkinds of application,
like the supervisiorscenarido triggeranareaor the move-
Groupscenaricaskinga groupof characterso reacha spe-
ci ¢ location. By using this scenariolanguagen common
with triggersinsideapplicationgntegratingcontrollableau-
tonomouscharacters it is very easyto describethreeof the
four catgoriesof scenariogivenin section2: rules,ambi-
ent and sequencef actions.Concerningthe goal oriented
family of scenariat is necessaryo addan actionplanning
functionalitywhichis not partof our scenaridanguagebut
it caneasilybe combinedwith.

Neverthelesspur scenaridanguageapproachcombining
theuseof dedicatednstructionsn commonwith C++ parts,
restrictsthe useof scenariolanguageto programmersDe-
spitethe bene ts of the languageapproactdescribedearli-
er, the descriptionof behaiour remainsquite dif cult for
peoplewho are not computerscientists.Thereforewe are
working on ahigherlevel speci cationlanguagein orderto
allow behaioural specialistdo specify andtesttheir mod-
elsin aninteractive simulation.Work in progressconcerns
the connectionof our scenarigprogramminganguagewith
the XML outputof a scenaricauthoringtool®. This author
ing tool allows scenarist$o describescenario®f interactve
ction in naturallanguageA syntacticandspatio-temporal
semanti@nalysisof phrasesorrespondingo actionsis per
formed and the result consistsin a decompositiorof each
action phraseinto several parameterglike the natureand
mannerof the action, the subjectandthe objectof the ac-
tion) andin a speci cationof their relative positioningon a
commontemporalaxis.
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7 8

Figure 16: Snapshotsakenfroman interactiveexperiment.
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