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Abstract

Our aim is to makethe authoring of virtual worlds easierfor non-specialistsin particular whenprogramming
pseudo-intelligenagentswithin virtual ernvironments\We aredesigninga high-levellanguageaswell asa library

of reusablebuilding blocks. We are now working on the definitionand the implementatiorof an homogeneus
modelfor describing3D objects their attributesandtheir behavioursConstaintsare a simpledeclaativeway
to describestronglogical relationshipshetweerobjects;thoseconstiaints mustbe satisfiedas muc as possible,
in order to keepa systenin a coheentstate Whenconsideringvirtual worlds creation,we needto distinguish
several kindsof relationshipsan author maywantto express.especiallyconstaints betweeragentdiving in an

everchangingenvironment.
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1. Describing high-level behaviours

Currentlanguagesor describing3D worldssuchasVRML

(Virtual RealityModelingLanguagé are more orientedto-
wardsscenalescriptionthaninteractive animationandonly
provide very low-level primitivesfor animatingobjects.We
needahigherlevel languagén orderto describebehaviours
of virtual autonomousigentsin orderto keepour modelas
simpleandhomogeneouaspossiblewe assuméhatanob-
jectis anagentthatis arny objectmay have a moreor less
comple behaviour.

A behaiour can be describedas a set of sequences
eachsequenceeingcomposeaf concurrenactionsdefined
within sometime periods We hereconsidera discretetime:
ateachtime-point,concurrenigentsarerunningsimultane-
ousactionsuntil quiescenceandthengo to the next time-
point.

Becausesome behaviours like non-collisionor gravity
may be naturallyseenasconstraints, oneof thebasicideas
of our approachs to useconstrainfprogrammingconcepts
for designingadeclaratve high-level languageA constraint
is simply a logical relationshipbetweenseveral entities.
Whenconsideringalanguagevith high-level structuresuch
as predicaterelations,constraintsapply to somevariables
and thusrestrict the degreesof freedom (possiblevalues)
the variablescantake.A constraint solver is in chage of
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checkingthe satisfiabilityof all theaccumulatedonstraints
andof providing anadequatesolutionwhenconstraintsare

violated.Theprogrammenponly hasto declaratvely statethe

constraintswhile theconstraintsolver is in chage of defin-

ing theoperationabehaviour.

Constraintsarethereforean obvious way to enforcehid-
denrelationsbetweervirtual agentge.g. minimal distances
or non-collision).They have alreadybeensuccessfullyused
in 2D authoringsystem3 to maintaingeometricproperties
integrity while drawving, andmorerecentlyin 3D animatiord
for motionandkinematicscontrol.

2. Classifying constraintsfor virtual agents

Fromacognitive pointof view, thecreatorof avirtual world
would like to definetwo differenttypesof constraints:

e Internal constraints arepartof the agentbehaviour. For
example,onecould defineconstraintdike “do notcollide
with walls” or “follow this particularobject”.

e External constraints aredefinedbetweenseveralagents
anddonotdependdntheagentdbehaiour. Forinstancea
leadis astrongrelationshipbetweera dogandits owner.

Froma constraintprogrammingpoint of view, we would
like to offer an homogeneousvay for defining both types
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of constraintsBut we needto distinguishtwo categoriesof
constraintsolvingbefore:

e Static constraints, of which solving is launchedonly
once. It could be usedto describenon-animatedccom-
poundobjectsfor sceneryset-upor to makea trajectory
planification. Thenthe constraintsare "frozen" in some
outputspecificatiorfor the 3D world.

¢ Dynamic constraints, whichmustbesatisfiecall thetime
andare continuouslyre-evaluated.Sucha perpetuakon-
straint solving should be usefulin an everchangingand
unpredictibleervironment.

By mixing both approachesye canmakesomeconcrete
classegxplicit:

¢ Placingfive cylinders arounda circle is an externaland
staticconstrainttheresultof the constrainsolving phase
is corvertedfor generatinga 3D scenepncefor all before
thecreationof thevirtual world.

¢ Findingawayin analreadyknown labyrinthis aninternal
andstaticconstrainttheresultgivento theagentis apre-
computedrajectory— obsene thatwe will only consider
thatthe agenthasa perfectknowledgeof thescenegraph,
which s of coursenotrealistic.

¢ A dogleadis anexternalanddynamicconstraintthe dog
andits owner canmove in an unpredictiblemanney but
areboundto staywithin afixedmaximaldistance.

¢ A non-collisionconstrainis aninternalanddynamiccon-
straintwhenthe agentmovesin a changingor unknovn
environmentfor exampleif thelabyrinthcanbemodified
by the userat ary time or if the agentdoesnot a priori
know aboutthe mazegeometry

3. A language for behaviour description

The basisof our languages the Timed Concurrent Con-

straint framewor k proposedns, which providessimplebut

powerful building blocksfor reactive programmingThis ex-

tendsthe framavork of ConcurrentConstraintlanguage$
with anotion of discretetime, adequatdor mostanimation
schemege.g. VRML).

Basicconcurreniactionsperformedby the agentsare ei-
therpostinga constrainto a sharedstore(Tel | ), suspend-
ing until someconstraints entailedby the store(Ask), per
forming somemethod(Cal I ), or postingan actionto be
performedatthe next time-point(Next ).

4. Examples

The first example shows two very simple but interesting
behaviours. The cube can be draggedand droppedon the
ground.The conemovesaccordingto a specifiedtrajectory
andhasa non-collisionconstraintappliedto the cube:when
the cubeis placedon the conetrajectory the cone avoids
the cubeby the left or the right dependingon the short-
estdistanceln this example,the constraintis dynamic(the

conemustreactimmediatlywhen the cubeis moved) and
is partof the conebehaviour (the cubedoesnot careabout
the cone).The importantpoint is that the collision solving
mechanisnmakesthe sceneto be bothinteractve andvery
realistic.

Figure 1: Themovingconeanda dragablecubicobstacle.

In thesecondexample theusercanmave blocksin aroom
in orderto createa labyrinth. The agentwill have to find
its way out by askingto its local constraintsolver the right
trajectoryit will haveto follow. We intendto implementhis
examplein VRML to illustratestaticinternalconstraints.

5. Conclusion

We have presented possibleintegration of constraintpro-
grammingfor describinghigh-level agentbehaviours liv-
ing in virtual worlds. We are currently defining a generic
modelandimplementingthis framevork in VRML97 in or-
der to assesghe expressie power of constraintsfor be-
haviour descriptionTheconstraintwill beimplementedis-
ing Scri pt nodesin Jasa, makingit easierto portto the
Java3Dernvironmentif needed.
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