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Abstract. This paper presents the foundations of IBAL, a genera specification for scene animation. IBAL
regulates interactions among graphical elements, such as geometric models and behavioral algorithms, to
describe animated scenes. Interactions among graphical e ements are managed by primitives which are ar-
ranged into three graphs. The three graphs|ogically partition an animationinto “who,” “what,” and “when.”
IBAL’sunique design permits applications to represent, save, and restore awide variety of complex scenes.
A short summary of existing formatsfor scene modeling and scene animation is presented to distinguishand

to assess the utility of IBAL's design.
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1 Introduction

Computer animation is the development and production
of computer animated scenes. Animated scenes consi st of
many graphical elements interacting over time. Graphi-
ca elements are geometric models, algorithms, and data
structuresthat define the state of an animation and control
itsgradual evolution from one state to the next.

Many tools exist to display, store, and edit quickly
various graphica dements. File formats are one type of
tool that are essential and very popular. File formats ad-
here to specifications to store information onto data files.
They establish a means for applications to store and to
share thegraphical el ements of ascene. Applicationsthat
use established specifications are bound to read and write
information according to specific guidelines, but they are
free to represent and manipulate the information using
their own means and data structures.

Many types of specifications for computer graphics
exist. However, only specifications that store and rep-
resent geometric models, such as 3DMF[3], IGES[13],
and DXF[4], experience widespread success. Specifica
tionsfor animation are many, but few are popular or stan-
dardized. Those that are popular, such as Quicktime[12]
and MPEG[9], simply store the resultant frames of ani-
mations. They neither describe nor control the contents
of the animations. From the images alone, it is arduous
to obtain or identify all the graphical elementsthat define
the animations.

Of the many specifications for animation that do de-
scribe the contents and behaviors of animated scenes, few
are popular. For most specifications, such as VRML[5],
rapid development, not reuse or portability, isthe primary
goal. Thus, the specifications are often difficult to parti-

tion into logica parts and arduous to use as scene com-
plexity grows. Itisnot aways easy to identify, extract, or
replace the parts of animation that define “who,” “what,”
and “when.”[20] Ideally, a robust specification manages
complexity, accomodates numerous means to animate,
and localizes control structures. These key features are
essential for widespread acceptance and easy use.

It is the am of this paper to present the foun-
dations of IBAL, an Interaction-Based Animation Lan-
guage. IBAL isageneral, implementation-free specifica
tion for scene animation. It relies upon first-class prim-
itives to organize and control the interactions of graph-
ical elements. As graphical elements interact, they ex-
change information and update state. The specification
consists of three graphs. The first graph describes scene
elements; the second graph describes dynamic behaviors;
and the third graph describes temporal properties. The
three graphsreadily separate animationsinto logical parts
and reduce complex scenes to ahierarchy of interactions.
With IBAL, awide variety of scenes and animation tech-
niques can be shared and reused.

This paper consists of six sections.  Section two
presents an overview of various specifications for com-
puter animation. It briefly discusses severa issues that
determine the success of popular specifications for mod-
eling and uses these issues to assess the quality of exist-
ing specificationsfor animation. Section threepresentsan
overview of IBAL and describes the basic design of its
three graphs. Section four demonstrates IBAL s utility by
providing an example and comparing it with other specifi-
cations. Sectionsfive and six analyze IBAL'sdesign and
summearize the results of thiswork.
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2 Background

The graphicsindustry aboundswith many proposed spec-
ifications for graphics and animation. It is common
for applicationsto support many specifications for scene
modeling and only one or two specifications for scene
animation. It isrelatively easy for applications to share
descriptions of models, but not descriptions of animated
scenes. Many of the issues that influence the success of
modeling specifications are not satisfied by existing spec-
ifications for animation. This section describes these is-
sues and uses them as a basis for analysis of and compar-
ison with various types of specification for scene anima-
tion.

2.1 Specificationsfor Scene Modeing

Specifications for scene modeling, such as Inventor[26]
and OBJ[1], describe the shape and physical characteris-
tics of static scenes. They are popular and standardized
for five reasons:

¢ There is a great need to share information among
many applicationsand to form archives of scenein-
formation.

Sharing and archiving scene information is important.
Not al applications provide the same features and inter-
faces to construct and interact with static scenes. Ap-
plications that share reap the benefits offered by oth-
ers. Archives emphasize sceneintegration over scene de-
velopment. Scenes are produced by browsing libraries
of data, such as those provided by Viewpoint Datalabs,
Inc.[27] and New World Graphics, Inc.[23], and by adapt-
ing acceptable elements.

¢ Thereis a commonly accepted set of low-level (and
some high-level) data structures for scene building.

Without regard for efficiency, it is possible to represent
al scenes with basic structures, such as points, lines,
polygons, and splines, or with simple polyhedra, such as
cubes, spheres, and cylinders.! Often, the design bene-
fitsof alternativestructuresarelost when scenes aretrans-
formed into basic structures. However, this drawback is
universally accepted because it permitsall applicationsto
produce similar reproductions of original scenes.

¢ Thereare acceptablewaysto formmethodol ogically
static scenes from logical parts (with the basic data
structures).

Many specificationscommonly separate scenesinto many
logicd parts, such as sets of points, normals, faces, and
colors. Scenes built from parts are easy to rebuild, inte-
grate, and dissect. Applications which load scenes can
rapidly select and discard unwanted parts.

I Representing high precision scenes with basic structures often in-
volves some reduction in quality. For many users, approximate repre-
sentations are acceptable and sometimes preferred.
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e There are ways to build and to manage complex
scenes effectively.

Many specifications employ logical operators or hierar-
chical schemes to compose complex scenes from simpler
models. Composed scenes are easier to update and fre-
quently easier to store.

o Itispossibleto model awidevariety of static scenes.

With basic structures and logical operators, it is possible
to describe the shape and characteristics of al graphica
elements within a scene. Not all scene descriptions may
be efficiently described, but they are representable.

2.2 Specificationsfor Scene Animation
221 Taxonomy

As described elsewhere[ 18], specifications for scene an-
imation consist of appearance formats and content for-
mat. Appearance formats storeframes (images) of scenes
while content formats store descriptions of scenes. Each
major type further decomposes into severa subtypes.
Collectively, al these types form a class hierarchy, as
shownin Figure 1.

File Formatsfor Animation
1

Frame Content
Sequential  Non-sequential Keyframes Scripts

Movies Movies

——

State-Based Inter action-Based
1
[ | [ |
Animated General Message Active
Types Purpose Passing Links

Figure 1: A Taxonomy of Specifications for Scene Ani-
mation

Appearance formats divide into two related sub-
types, sequential movies and non-sequential movies. The
former stores a linear progression of images while the
latter, a collage of images. Neither type is suitable
for storing or obtaining information about the contents
of an animated scene. Content formats also divide
into two subtypes: keyframes and scripts. Keyframes
specificationg[2] store sequences of key values that ex-
plicitly establish state information while scripts store se-
quences of expressions that compute state information.

Scripts further divide into state-based and inter-
action-based formats. State-based formats, consisting of
animated typeg[16] and general purpose[22, 6] formats,
explicitly manipulate the states of scene elements. Ex-
pressions intermix the parameters of scene elements with
special operators to manage the evolution of state val-
ues. Interaction-based formatg 5], consisting of message-
passing and active links formats, identify relationships
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between scene elements. Related scene e ements change
state as they exchange information.

2.2.2 Analysisof Types

The chart in Table 1 compares the three major categories
of formats that store content. The comparison indicates
that none of the categories completely address the issues
that popularize modeling formats.

Keyframeformatsare useful and easy to use because
they establish alogical partitioning of information: key-
frames update state variables. Unfortunately, keyframes
are arduous to create when specifying scenes of great
complexity. Few approaches exist to build higher level
abstractions upon the keyframes and no simple means ex-
ist to create animations that adapt to run-time. The state
of akeyframe animation is aways set before it begins.

State-based script files are useful to describe awide
variety of animations. They can carefully guide anima-
tions, like keyframe files, and they can form relations
between graphical elements to establish constraints and
adaptive behaviors. However, they are not easy to sep-
arate into parts. Most employ concise representations to
describe and to control state information. It isnot always
easy to extract and to replace quickly only the expressions
from a script that modify (or compute) state. Most often,
these expressions are tightly intertwined with other ex-
pressionsthat establish stateinformation and specify tem-
poral properties.

Like keyframe files, interaction-based script files
partition an animationinto two basic parts: thosethat rep-
resent state and those that modify state. Softwareinterac-
tions, such asfunction calls or method invocations, mod-
erate the flow of information between the two parts. Both
filetypesare easy to decipher and separateinto their parts.
However, interaction-based scripts model a grester vari-
ety of scenes. They provide a greater variety of abstrac-
tions and a greater number of part mappings. Unfortu-
nately, they lack rules and patterns for program devel op-
ment (and reuse). Few structures exist to organize many
software interactionsand to control the evolution of inter-
actions over time. Users must employ their own means
or other scripting languages to manage the interactions.
Thus, many interaction-based scripts, such as VRML[5],
encounter problemssimilar to those of state-based scripts.
As scene complexity grows, it becomes arduousto parti-
tion animations into parts.

3 A General Specification for Animation
3.1 Overview

IBAL isan interaction-based format for scene animation.
It establishes a generd specification to describe the con-
tents and behaviors of time-varying scenes. The spec-
ification bases its design upon the IMVCD (Informer -

3

Model - Viewer - Controller - Delegator) modeling frame-
work of the RASP toolkit[2(]. IMVCD partitions scenes
into primitives for scene modeling and primitives for
scene animation. The latter primitive set animates scenes
by forming interactionsbetween the modeling primitives.
IMVCD identifies the basic elements of an animation
which IBAL specifies and controls.

IBAL partitions an animation into three animation
graphs. ascene graph, an action graph, and atimegraph.
The three graphs identify separately the “who,” “what,”
and “when” of an animation. The scene graph identifies
the graphica elements of an animation. It describes scene
elements and their properties, such as shape, surface char-
acteristics, and viewing parameters. The action graph de-
fines the interactions among graphica elements. It or-
ganizes collections of interactionsto form behaviors, ac-
tions that produce state changes. The time graph defines
atemporal ordering of behaviors. It indicates how behav-
iorsrelate and execute over time.

3.2 Framework

l DELEGATOR I

CONTROLLER

VIEWER [0 = l MODEL |< '''''''''''''' Z1INFORMER

Figure 2: The IMVCD modeling framework

The IMVCD modeling framework abstractly de-
composes computer animations (and other visua ssimula-
tions) into five key components: informers, model s, view-
ers, controllers, and delegators. As seen in Figure 2,
the informers define the properties of models which the
viewers visualize and the controllers control. The dele-
gators decide when controllers act and which modelsand
viewers the controllers command. Like popular frame-
works, suchasMVC[17] and Interviews 21], IMVCD fo-
cuses on the architecture of programs, as opposed to the
reuse of implementation. 1t emphasizes the communica
tiona paths between components, not the dataflow be-
tween them. IMVCD does not define abstract compo-
nents for other components to derive functions and prop-
erties. IMVCD isan implementation-freeframework that
identifies, not evaluates, the relationships between soft-
ware components.

IBAL’s components match those described by IM-
VCD. Mode s and informers, organized by IBAL's scene
graph, identify graphical elements. Controllers, identi-
fied by IBAL’saction graph, manageinteractionsthat pro-
duce state changes. Delegators, formed with IBAL'stime
graph, vary the behavior of interactions over time. With
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CONTENT FORMATS FOR SCENE ANIMATION
K eyframes State-based Interaction-based IBAL scripts
scripts scripts
Need to Share Yes Yes Yes Yes
Foundation Keyframe Expression Expression Expression
Separable Parts Yes No Yes Yes
Effective Development Low Some Low Yes
Scene Complexity Limited Unlimited Unlimited Unlimited?

Table 1: A comparison of specifications for scene animation

IMVCD, IBAL's specification is easy to understand and
easy to augment. New elements that are consistent with
IMVCD freely replace or complement existing elements
inany IBAL script.

3.3 Scene Graph

IBAL’s scene graph resembl es the scene graph of VRML.
As illustrated in Figure 3, it consists of a hierarchy of
nodes that represent geometries, transformations, surface
properties, and viewing parameters. The hierarchical ar-
rangement of nodes formsrelationsfor a (rendering) pro-
cess to interpret.

Figure 3: Two conflicting scene graphs

UnlikeVRML, IBAL' sscenegraphsare not immedi-
ately redlized after they are parsed. IBAL's scene graphs
are hierarchical representationsthat take form during run-
time. At run-time, the action and time graphs determine
which scene graphs are active. Thus, unlike VRML,
IBAL files may contain multiple scene graphs with iden-
tical elements that appear to conflict. Two conflicting
graphs, as shown in Figure 3, are difficult to maintain
in VRML without employing many “switch” nodes. For
large numbers of arrangements, switch nodes are trouble-
some and difficult to manage dynamically.

3.3.1 Ports

In IBAL, al scene graph nodes possess ports. Ports are
first-class structures that moderate the flow of informa
tion between a node and its environment. First-classin-
teractions, established in IBAL's action graph, establish
links between the ports of nodes to foster communica
tions. Communications occur when the interactions re-
celve messages from IBAL's time graphs. Upon receiv-
ing notification to interact, the ports either accept data to
update the node's state or disseminate data to identify the
node’s state.
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The portsof IBAL and thefields of VRML are func-
tionaly equivaent, but they are not the same. Although
both are first-class and bond with elements that cause in-
teractions, ports are high-level abstractions. Ports are
anal ogousto the member functionsof object classeswhile
fields are analogous to data members of object classes.
Ports hide the internal members of a node and perform
operations, whilefields are publicly accessible datamem-
bersthat simply send or receive state information. Ports,
unlike fields, employ operationsto compute state. In ad-
dition, multiple ports may modify the same interna state.
Each port can provide adiffering service. Multiplefields
represent multiplestates. Itisneither possible nor accept-
ableto devisetwofieldsthat reference the same state vari-
able.

34 Action Graph

IBAL’s action graph describes the activities of an anima-
tion. Activities are collections of interactions that pro-
duce aparticular behavior. Behaviorsmay expresssimple
actions, such as object trandations, or complex actions,
such as ambulatory motions. Activities operate over an
interval of time. They act continuously from beginningto
end. IBAL’stime graph determines when and under what
conditionsthe activities operate.

Activity#2

Figure 4: Action Graph

Every activity, as illustrated in Figure 4, consists
of four parts. Part one specifies al node elements that
are loca to the activity. Loca elements are either con-
trollers or virtual ports. Controllersare functional units
that perform (high-level) operations. With the assistance
of interactions, they animate the states of models. Con-
trollers operate on internal variables which interactions
copy and disseminate. Interactions link controllers to
models (and other controllers) by their ports. Information
flows among the ports as the interactions operate. Vir-
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tual ports are free-floating ports that form symbolic re-
| ations between real ports— those associated with mod-
elsor controllers. They establish one-way constraintsthat
are evaluated when interactionsrequireinformation from
them.

AT —={3 duration time O
Controller
¢ — =( currPos goalPos
I newPos
| J
|

[ Group | [ Group |
H Transform Transform
RN y

'~ -OVPort = Tpos + Tpos
2

Figure5: The interactions of a scene that moves one ball
towards the center of two others.

The diagram in Figure 5 illustrates the interactions
of ascene involving a controller, avirtua port, and three
models. The controller moves one of the models to-
wardsthe center of the other two. Interactionsmanage the
flow of information between the ports of the models and
the controller. The virtual port combines rea ports with
mathematical operators to compute the center of the two
models. Each timean interactionaccesses thevirtua port,
the center of the two modelsis computed.

Parts two, three, and four of an activity consist of a
hierarchy of interactions, referred to as events. Nodes of
the hierarchy manage either interactions between portsor
group-related interactions. Event nodes verify that com-
municating ports are compatible and available. Group
nodes link interaction by selection, association, or aggre-
gation. Each of the three parts organize a separate hier-
archy with an aternate activation time. Part two’s hier-
archy, referred to as initial events, operates when the ac-
tivity begins. Part three's hierarchy, referred to as acting
events, triggers continuously for the activity’s entire du-
ration. Part four’s hierarchy, referred to as finish events,
operates immediately after the activity terminates.

Activity#2 of Figure 4 shows the three event sets
of the action shown in Figure 5. The initia events,
drawn with clear arrowheads, providethe controller with
a temporal duration and the current position of the pri-
mary model. Thetemporal duration, established inatime
graph, informsthe controller how much timeitisgivento
operate. The acting events, drawn with dark arrowheads,
perform two operations with three events. The first two
events provide the controller with a time step and a lo-
cation defined by the virtua port. The time step notifies
the controller of the passing of time. Asthe activity acts,
the time step starts at zero and gradually evolves to the
length of theactivity’sduration. Thethird event passesin-
formation from the controller to the primary model. Each
time the event acts, it updates the primary object’s posi-

[ Kind | Type |
Simple | Event; StateEvent; CallEvent
Time TimeEvent; StepEvent; DurationEvent;
TimeStepEvent;
Logical | BoolEvent; CondEvent; BiCondEvent;
Group ToggleEvent; ChainEvent; SwitchEvent;
Scene SceneOnEvent; SceneOffEvent;

Table 2: Kindsof event types

[ Kind ]| Type |
Timer Interval; Scalelnterval; Shiftinterval;
Granularity; ScaleGranularity
Relation | Stop; Start; Meet; Delimit; Sequence
Modifier | Condition; Reactivate; Inactive

Table 3: Kinds of time graph nodes

tion. The one finishing event, drawn with a short, clear
arrowhead, updates the primary model’s material charac-
teristics when the activity terminates.

34.1 Events

Asshownin Table 2, IBAL currently specifies five kinds
of eventstypes: simple, time, logical, group, and scene.
Simple events apply basic techniques to manage ports.
They either monitor them, pass data between them, or in-
struct them to invoke commands. Time events dissemi-
nate tempora information. They provide ports with tim-
ing vaues, such as current time, expected duration, and
future time step. The states of components advance as
they receive timing values. Logical eventsrelate portsto
logicd flags and conditions. The state of thelogical con-
ditionsdetermineshow timegraph primitivesinterpret the
events. Group events contain other events. They selec-
tively toggle, chain, or order eventsto bind them closely.
Scene events toggle the states of scene graphs. They turn
scene graphs on and off.

3.5 TimeGraph

IBAL’s time graph describes the temporal characteristics
of an animation. As shownin Figure®, it consists of ahi-
erarchy of nodesthat establish atimingpatternfor concur-
rent activities. Thetiming pattern indicates how activities
relate and when activities occur. The top node of every
hierarchy establishesan initia referenceinterva. Thein-
terval defines a span of time upon which the nodes of the
hierarchy act. Nodes either modify the interval or derive
new intervals. Activitieswithin the hierarchy receive as
their duration the interva which their parent assigns.

As shown the Table 3, atime graph consists of three
kinds of nodes: timers, relations, and modifiers. Timer
nodes identify timing values. They update the span or
granularity of the current interval of time. An interval’s
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granularity determines the frequency at which updatesto
activities occur. Activitieswith high granular values up-
date with greater frequency. Relation nodes form tempo-
ral relations among groups of activities. Tempora rela
tions, such as simultaneous start and stop, establish time-
based relationships. As activities operate, they influence
the operation of other activities. For example, two activi-
ties“meet” if thetermination of thefirst causes theactiva-
tion of the second. Modifiersassign conditionsto relation
nodes. The conditions relate the operation of the nodes
to certain states. The nodes operate only when the speci-
fied states arise. For example, the modifier “inactive” in-
dicates that relations nodes affect only inactive activities.
For active activities, the node remains dormant.

Figure 6: Time graph

An example of a time graph with &l three nodes
types appears in Figure 6. Thei nt er val node estab-
lishesaninterval of timefor thest art node. St art in-
formsactivity a and thesequence nodeto begin simul-
taneoudly. The sequence node sequences through ac-
tivitiesr, z, and e. Thegr anul ari t y nodes modifies
the update frequencies of activitiesz and e. The neet
node, with the modifier r eact i vat e, indicatesthat the
activity a restarts when activity r finishes.

4 Applications

Numerous examples highlighting the use of IBAL have
been devised with the RASP toolkit for animation[20].
As seen on the RASP webpage?, one of these exam-
ples, called “Catch,” presents an animation in which two
robotic arms continuously play catch with a ball. Catch
consists of three models, one for each robot and the ball,
and eight activities, two for the ball and three for each
arm.

The scene graph of Catch is a simple hierarchy of
shapes, transforms, and materia properties. The trans-
formsmaodify the positionsand orientationsof theball and
the two arms.

The action graph of Catch consists of separate activ-
itiesfor theball’s position and direction, and separate ac-
tivities for the arm’s position and stance. An additional

2www.cs.ubc.calspider/gslee/Rasp/rasp.html
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Figure 7: Activity mvAr nR

activity existsfor each arm to indicate whether or not the
arm isin contact with the ball. Figure 7 illustratesthein-
teractions of the activity mvAr nR that adjusts the stance
of an arm. The activity consists of four acting events and
three local elements, one controller and two virtual ports.
The controller produces a sequence of values from start
to finish. Each time it receives a time step, the controller
produces a new value. The virtua ports transform the
arm’s position from local space to world space, and vice
versa. Each timetheactivity updates, thefour events pass
information among the ball, the robot, and the controller.

(_Stops ) (Start

Condition Condition

Figure 8: Time graph of Catch

The time graph of one robotic arm from Catch is
shown in Figure 8. The time graph simultaneously starts
both the movements of the ball and the arm. The activ-
ity that governs the arm’s position delimits nv Ar R, the
activity that governsthearm’s stance, and bCat ch?, the
activity that determines if the arm isin contact with the
ball. If the arm and the ball meet, the arm halts, the ball
changes direction, and the other robot starts. Oncethe ac-
tivity mvRobt R stops, the two activities that it delimits
also stop.

IBAL’'s design logicaly partitions Catch into intel-
ligible, modular parts. To replace or augment the ani-
mation, elements are either introduced or extracted from
any of the three graphs. Existing specifications, such as
keyframing, state-based scripts, and VRML, do not of-
fer such a convenient breakdown. They opt to integrate
tightly all expressionsto produce conci se representations.
The representations are often smaller, but usualy less
adaptable and not as easy to share. For example, the code
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while(1) {
if (red == TRUE) {
robot = redArm;
red = !red;
}
ese
robot = blueArm;
while(1) {
move ball & robot'sbase and arm
compute distance between arm and ball
if (distance < 0) {
reverse ball’sdirection;
break;
}

¥

Figure9: Description of Catch withafictional state-based
script.

segment in Figure9 presents adescription of Catchwitha
fictional general-purpose, state-based script. The descrip-
tion issmaller, but not as useful. The organization of the
expressionsimplicitly defines many propertiesthat IBAL
explicitly identifies. It is difficult to simply modify just
the controllersor thetempora attributesof the animation.

5 Analysis
5.1 Fivelssues

The IBAL specification attemptsto satisfy the five issues
that i nfluence the success of specificationsfor scene mod-
eing. It consists of a basic set of low-level data struc-
tures for scene modeling, activity devel opment, and tem-
poral coordination. The partitioning of the data struc-
turesislogical andintelligible. IBAL’sthree graphs sepa-
rately identify thethree parts of all animated scenes: who,
what, and when. The hierarchical organization of the
three graphs effectively builds and manages the growth
of complex animations. Each level of the three hierar-
chiesrefines or augmentsitspreceding level. Preliminary
resultg[19, 20] indicate that IBAL can model awide vari-
ety of animated scenes. Many animation techniques, such
as keyframing, kinematics, and behaviora modeling are
relatively easy to specify and control. However, greater
testing is necessary to determine if IBAL's design is ac-
ceptable for widespread use.

5.2 Reated Work

IBAL's design shares commonalities with many previ-
ous works in graphics. Interaction-based tools, such as
CONMANTJ11] and VTK]25], interconnect components
to compose formulasand a gorithms, whileother graphics
tools, such as CONDOR[15], T-BAG[7], and VB2[10],
interconnect components to form constraints. However,
unlike IBAL, these other tool sets provide few primitives
to control interactions dynamically or to manage inter-
actions hierarchically. The interactions are neither first-
class nor separate from the componentsthey interconnect;
thus, they are difficult to identify and to extract for reuse.

7

In addition, most tools lack branching structuresthat can
form conditional interactions. Most interactions are de-
vised to operate unconditionally.

UGA[29] and ASAS24] manage interactions by
passing messages among components. |nteractions tran-
spire immediately after messages pass or when specia
times arise, indicated by “timestamps.” Unlike IBAL's
approach, messages passing schemes do not readily high-
light the flow of information among parts. The messages,
which appear throughout the body of a script, do not eas-
ily identify the relationships that exist among numerous
interactions. The relationshipsare often dispersed and oc-
casiondly difficult to discern.

Previous works by Fiume[8] and Kara[14] foster a
coordination scheme that closely resembles IBAL's time
graph. Bothworksemploy temporal operatorsto produce
a temporal ordering of events and behaviors. However,
unlike IBAL, neither work advocates a simple graph-
based method to order behaviors nor proposes an ap-
proach to devise the behaviors that it orders. In addition,
Karla's work lacks methods to apply conditionsto oper-
ators and Fiume's work lacks operators to assign explicit
temporal values to behaviors.

5.3 Limitations

The IBAL specification is not without its limits. It does
not currently specify two important constructsfor anima-
tion (and simulation). First, it does not specify any means
to update dynamically any of its three graphs at run-
time. Once the three graphs are traversed, they are fixed.
Run-time modifications are useful to model very com-
plex scenes that adapt to run-time conditions. It is unac-
ceptable to expect all implementationsof IBAL to devise
their own useful mechanisms to update any of the three
graphs. Augmenting IBAL with non-standard mecha
nismsdefeatsitsprimary purpose, sharing. Sharingisdif-
ficult if each implementation derivesit own methodol ogy
to update the graphs.

Second, IBAL does not specify any means to spawn
run-time actions. Run-time actions occur in response to
run-time conditions. It isimpossibleto infer exactly how
many of these actions arise and a what times they oc-
cur. Run-time actions are essentia for blending ssimula-
tion technol ogies with animation techniques. In process-
oriented simulationg] 28], actions spawn as special events,
referred to as transactions, arrive. Each arrival initiates
a sequence of steps that usually place the transaction in
aqueue. In animation, explosions are good examples of
run-time actions. They are unpredictable and may occur
often. To handle each explosion separately istediousand
inefficient. It is better to specify an action that spawns
each time an explosion occurs.
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6 Conclusion

This paper has presented the foundationsof IBAL, agen-
erd specification for scene animation. IBAL relies upon
first-class primitives to manage the interaction among
graphical elements, such as the models and agorithms
of an animation that possess or update state information.
As the graphical elements interact over time, they cause
scenes to animate. IBAL partitionsanimations into three
graphs. The graphs indicate who interacts, what interac-
tions form, and when interactions occur.

A brief anadysis of the existing specifications for
scene modeling and scene animation is presented to dis-
tinguish IBAL suniquedesign. IBAL addresses many of
the issues that popul arize specifications for scene model -
ing. It provides a basic set of low-level data structures
for animation that effectively describes awide variety of
complex scenes.

Preliminary results indicate that IBAL's design is
useful. Numerous animations, such as the one presented
in this paper, exemplify IBAL's utility. However, more
testing and development is required to assess IBAL's
overall value. Future plans are underway to augment
IBAL with methodsto update dynamically the configura-
tion of scene eements and to spawn actions a run-time.
These methods will augment IBAL's ability to integrate
simulation techniques with computer animation.
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