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Summary . This chapter preserts ABL (A Behavior Language, pronounced \able")
, a language speci cally designedto support the creation of life-lik e computer char-
acters (believable agerts). Concurrent with our development of ABL, we are us-
ing the language to implement the believable agert layer of our interactive drama
project, Fasade With code examplesand case-studieswe describe the primary fea-
tures of ABL, including sequerial and parallel behaviors, joint goals and behaviors
for multi-agent coordination, and re°ectiv e programming (meta-behaviors). Speci ¢
idioms are detailed for using ABL to author story-based believable agerts that can
maintain reactive, moment-by-moment believability while simultaneously perform-
ing in tightly coordinated, long term dramatic sequences.

1 Intro duction

ABL is basedon the Oz Project (Bates [1]) believable agert languageHap,
developed by A.B. Loyall (Loyall and Bates[17], Bates, Loyall, and Reilly [2]).
Hap wasdesignedto support the detailed expressionof artistically-c hosenper-
sonality, automatic cortrol of real-time interactive animation, and architec-
tural support for many of the requiremerts of believable agerts (Loyall [15]).

ABL extendsHap in seeral ways, most signi cantly by adding joint goals
and behaviors, which support the multi-agent coordination required for the
performance of dramatic action. ABL also changesHap's syntax, making it
more Java-like, and generalizesthe mecanismsby which an ABL agen con-
nectsto a sensory-motorsystem, making it possiblefor others to use ABL in
their own believable agert projects.

This chapter will discussABL by meansof examplesfrom Fasade aswell
as an early Oz believable agert project, the Woggles(Loyall and Bates [16]).
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2 Why ABL?

Believable agerts are applicable as non-player characters in interactive sto-
ries and games,as tour guides through virtual spaces,teachers and tutors
in educational software, virtual salesgople for marketing products, and so
on. To achieve a non-trivial degreeof life-likenessin suc agerts, they must
possesghe ability perform seweral intelligent activities in parallel { for exam-
ple, to gaze,speak, walk, use objects, gesture with their hands and corvey
facial expressionsall at the sametime. Additionally , while performing these
parallel behaviors, believable agers needto be reactive in immediate, varied
and ne-grained ways, so asto respond corvincingly and satisfyingly to the
user's momert-by-momert interaction. In ABL, an activity (e.g., walking to
the user, or speaking a line of dialog) is represened as a goal, and ead goal
is supplied with one or more behaviors to accomplishits task. An active goal
choosesone of its behaviors to try. A behavior is a seriesof steps, that can
occur sequettially or in parallel. Typically, once a behavior completesall of
its steps, it succeedsand goes away. However if any of its steps fail, then
the behavior itself fails and the goal attempts to nd a di®erert behavior to
accomplishits task, failing if no sud alternative behavior can be found. Fur-
thermore, a behavior may have subgoaledits own set of goalsand behaviors.
To keeptrack of all the active goalsand behaviors and subgoalrelationships,
ABL maintains an active behavior tree (ABT).

In contrast to standard imperative languagesone might use to cortrol
agerts (e.g. C++, Java), in ABL an author can, in relatively few lines of
code, specify collections of goals and behaviors that can cleanly inter-mix
character actions, modulate their execution basedon the continuously sensed
state of the world, and perform local, context-speci ¢ reactionsto a player's
actions.

This paradigm of combining sequetial and parallel behaviors, and propa-
gating successand failure through the ABT, are the foundation of the power
of ABL asa languagefor authoring believable agerts. Parallel behaviors make
it easyto author charactersthat pursue multiple goalsand thus mix the per-
formance of multiple behaviors. This powerful capability doesn't come for
free { it e®ectiwely makes ABL a parallel programming language,thus intro-
ducing to the author the well-known complexities of parallel programming.
ABL is designedto make simple character behavior easyto author with just
a few lines of code, while still providing the power to let experiencedauthors
write complex, expressive behavior. ABL's support for joint goalsand behav-
iors helpsthe author to harnessthe expressive power of multi-agent teams of
characters.

3 Application of ABL in Fasade

We are using ABL to implement the believable agert layer of the Fasade in-
teractive drama architecture (Fig. 1). Fasade is a seriousattempt to move
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beyond traditional branching or hyper-linked narrativ e, to create a dramat-
ically interesting virtual world inhabited by computer-cortrolled characters,
within which the player experiencesa story from a rst person perspective
(Mateas and Stern [19, 227]). The complete, real-time 3D, one-actinteractive
drama will be available in a free public releaseat the end of 2003.

Fig. 1. Screencapture from Faeade

In the drama, Graceand Trip, a married couplein their early thirties, have
invited the player over for drinks. The player soon learnsthat their marriage
is in serioustrouble, and in fact, tonight is the night that all their troubles are
goingto cometo the surface.Whether and how their marriage falls apart, and
the state of the player's relationship with Grace and Trip at the end of the
story, dependson how the player interacts in the world. The player interacts by
navigating in the world, manipulating objects, and through natural language
dialog.

This project raisesa number of interesting Al researt issues,including
drama managemen for coordinating plot-level interactivit y, broad but shal-
low support for natural languageunderstanding and discoursemanagemet,
and autonomous believable agerts in the context of interactive story worlds.
This chapter focuseson the last issue,describing the idioms developed within
ABL for organizing character behaviors. For details of the rest of the Fasade
architecture, including the drama manager and natural language processing
system, see(Mateas and Stern [19, 21], Mateas [18]).
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4 ABL Overview

This section provides an overview of the ABL languageand discussessomeof
the ways in which ABL modi es or extends Hap. The discussionof joint be-
haviors, the mechanism for multi-agent coordination, occursin its own section
below.

4.1 Hap

Since ABL re-implemerts and extends Hap, this section brie°y describesthe
architecture of a Hap agert and the organization and semarics of the Hap
language.All examplesusethe ABL syntax. The de nitiv e referenceon Hap
is Loyall's dissertation [15].

The ABL compiler is written in Java and targets Java; the generatedJava
code is supported by the ABL runtime system.

Fig. 2. Architecture of a Hap/ABL agert

The architecture of a Hap/ABL agert appearsin Fig. 2. The agert has
a library of pre-written behaviors. Each behavior consistsof a set of steps,
to be executedeither sequetially or in parallel, that accomplisha goal. The
current execution state of the agert is captured by the active behavior tree
(ABT) and working memory. The ABT cortains the currently active goals
and behaviors. The ABT is a tree rather than a stadk becausesomebehaviors
executetheir stepsin parallel, thus intro ducing parallel lines of expansionin
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the program state. The leavesof the ABT constitute the con’ict set. The agen
continuously executesa decision cycle, during which a leaf step is chosenfor
execution. As ead step is executed, it either succeedsr fails. In a sequettial
behavior, step successmakes the next step available for execution. When
the last step of a sequetiial behavior succeedspr when all stepsof a parallel
behavior have succeededthe enclosingbehavior succeedsFor both sequetial
and parallel behaviors, if any step fails, it causesthe enclosing behavior to
fail. In this way, successand failure propagate through the ABT.

The four basic step types are introduced in the example behavior code
below. For now, note that one of the step typesis act, which performs a
physical action with the agert's body, sudc astaking a step or grasping an
object. The exact details of the execution of a physical action depend on both
the agent's body and the world. For example, Fasade agerts have virtual,
animated bodies within a real-time, graphical, 3D story world; howewer, one
could just aswell use ABL to implement behavior for physical robot agerts,
text-based agerts, etc.

Working memory contains any information the agen needsto keeptrack
of during execution. This information is organized as a collection of working
memory elemens (WMEs). WMEs are like instancesin an object-oriented
language;every WME has a type plus somenumber of typed "elds that can
take on values. WMEs are also the mechanism by which an agert becomes
aware of sensedinformation. Sensorsreport information about changesin
the world by writing that information into WMEs. Hap/ABL has a number
of mecdhanisms for writing behaviors that are corntinuously reactive to the
contents of working memory, and thus to sensedchangesin the world. The
details of sensors like actions, depend on the speci ¢ world and agert body.

4.2 Example Behaviors

Hap/ABL programs are organizedas collections of behaviors. In the example
sequettial behavior shavn below, an agent waits for someoneto knock on a
door, sighs,then opensthe door and greetsthe guest.

sequentiabehavio AnswerTheDaor() f
WME w;
with (succesdest f w = (KnockWME) g ) wait;
act sigh();
subgoalOpenDaoor();
subgoalGreetGuest();
mentalact f deleteWME(w);g

g

This behavior demonstratesthe four basic step types, namely wait, act,
subgoal and mentalact. wait steps are never chosenfor execution; a naked
wait step in a sequetial behavior would block the behavior from executing
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past the wait. However, when combined with a succesdest, a wait step can

be usedto make a demonthat waits for a condition to becometrue. Success
tests are continuously monitored conditions that, when they becometrue,

causetheir assaiated step to immediately succeed.Though in this example
the succesgest is assaiated with a wait step to make a demon, it can be
asseiated with any step type.

Succesdests, aswell asother tests that will be described shortly, perform
their test againstthe agert's working memory. In this example,the succesgest
is looking for WMEs of type KnockWME, which presumably is placedin the
agert's working memory when someoneknocks on a door. Sincethere are no
“eld constraints in the test, the test succeedsssoon asa KnockWME appears.

An act step tells the agert's body (sensory-motor system) to perform an
action. For graphical ervironments sudh as Faeade physical acts will ulti-
mately be translated into calls to the animation engine,though the details of
this translation are hidden from the Hap/ABL program. In this example,the
act makesthe body sigh. Note that physical acts canfail { if the sensory-motor
systemdeterminesthat it is unableto carry out the action, the corresponding
act step fails, causingthe enclosingbehavior to fail.

Subgoal steps establish goals that must be accomplishedin order to ac-
complish the behavior. The pursuit of a subgoalwithin a behavior recursively
results in the selectionof a behavior to accomplishthe subgoal.

Mental acts are usedto perform bits of pure computation, suc as math-
ematical computations or modi cations to working memory. In the nal step
of the example, the mentalact deletesthe KnockWME (making a call to a
method de ned on ABL agens), sincethe knocking has now beendealt with.
In ABL, merntal acts are written in Java.

The next example demonstrateshow Hap/ABL selectsa behavior to ac-
complish a subgoalthrough signature matching and precondition satisfaction.

sequentiabehavio OpenDoor() f
preconditionf
(KnockWME doorID :: door)
(PosWME spritelD == door pos:: doorPos)
(PosWME spritelD == me pos:: myPos)
(Util.computeDistance(dorPos, myPos) > 100)
g p—
speci city 2;
/I Too far to walk, yell for knocker to comein
subgoalYellAndWaitForGuestToEnter(doorID);

g

sequentialbehavio OpenDoor() f
preconditionf (KnockWME doorID :: door) g
speci city 1;

/I Default behavia - walk to door and open

g
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In this example there are two sequetial behaviors OpenDoor(), either of
which could potentially be usedto satisfy the goal OpenDaor(). The rst be-
havior opensthe door by yelling for the guestto come in and waiting for
them to open the door. The secondbehavior (details elided) opensthe door
by walking to the door and opening it. When AnswerTheDar() pursuesthe
subgoalOpenDaor(), Hap/ABL determines,basedon signature matching, that
there are two behaviors that could possibly open the door. The precondition
of both behaviors is executed.In the event that only one of the preconditions
is satis ed, that behavior is chosenas the method to useto accomplishthe
subgoal.In the event that both preconditions are satis ed, the behavior with
the highest speci city is chosen.If there are multiple satis ed behaviors with
highest speci city, one is chosenat random. In this example, the "rst Open-
Door() behavior is chosenif the lazy agert is too far from the door to walk
there (\to o far" is arbitrarily represened as a distance > \100").

The precondition demonstratesthe testing of the “elds of a WME. The ::
operator assignsthe value of the named WME “eld on the left of the operator
to the variable on the right.® This can be used both to grab values from
working memory that are then usedin the body of the behavior, and to chain
constraints through the WME test.

The last example demonstratesparallel behaviors and context conditions.

parallel behavio YellAndWaitForGuestoEnter(int doorID) f
preconditionf (CurrentTimeWME'L :: startT) g
context.condition f (CurrentTimeWMEt <= startT + 10000y
number_neededfor_succesd;
with (succesdest ff DoorOpenWME door == doorID)g) wait;
with (persistent)subgoalYellForGuest(dariD);

g

In a parallel behavior, the stepsare pursued simultaneously. YellAndWait-
ForGuestToEnter(int) simultaneously yells \come in" towards the door (the
door speci ed by the integer parameter) and waits to actually seethe door
open. The persistert modi er on the YellForGuest(int) subgoalmakesthe sub-
goal be repeatedly pursued, regardlessof whether the subgoalsucceedor fails
(one would imagine that the behavior that doesthe yelling always succeeds).
The number_neededfor_successannotation (only usableon parallel behaviors)
speci esthat only onestephasto succeedn order for the behavior to succeed.
In this case,that one stepwould be the demonstep waiting for the door to ac-
tually open. The contextconditionis a corntin uously monitored condition that
must remain true during the execution of a behavior. If the context condition
fails during execution, then the behavior immediately fails. In this example,
the context condition teststhe current time, measuredin milliseconds,against
the time at which the behavior started. If after 10 secondsthe door has not

% In ABL, a locally-scoped appropriately typed variable is automatically declared
if it is assignedto in a WME test and has not beenpreviously explicitly declared.
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yet opened(the guestis not comingin), then the context condition will cause
the behavior to fail.

As failure propagates upwards through the subgoal chain, it will cause
the rst OpenDaor() behavior to fail, and evertually reach the OpenDaor()
subgoalin AnswerTheDaor(). The subgoalwill then note that there is another
OpenDaor() behavior that has not beentried yet and whose precondition is
satis ed; this behavior will be chosenin an attempt to satisfy the subgoal. So
if the guestdoesnot enter when the agert yells for awhile, the agert will then
walk over to the door and openit.

These examplesgive a sensefor the Hap semartics which ABL reimple-
ments and extends. There are many other features of Hap implemented in
ABL that are not possibleto re-descrike here, including how multiple lines of
expansionmix (basedon priorit y, blocking on physical acts, and a preference
for pursing the current line of expansion), declaration of behavior and step
con’icts (and the resulting concept of suspended steps and behaviors), and
numerousannotations that modify the default semartics of failure and success
propagation (Loyall [15)]).

4.3 ABL Extensions

ABL extendsHap in a number of ways, including:

2 Generalizing the medanismsfor connectingto the sensory-motorsystem.
The ABL runtime provides abstract superclassedor sensorsand actions.
To connect an ABL program to a new sensory-motor system (e.g., an
animation engine,a robot), the author de nes speci ¢ sensorsand actions
as concrete subclassesof the abstract sensorand action classesABL also
includesadditional languageconstructs for binding sensorso WMEs. ABL
then takesresponsibility for calling the sensorsappropriately when bound
WMEs are referencedin working memory tests.

2 Atomic behaviors. Atomic behaviors prevernt other active behaviors from
mixing in. Atomic behaviors are useful for atomically updating state (e.g.
updating multiple WMEs atomically), though they should be used spar-
ingly, as a time-consuming atomic behavior could impair reactivity.

2 Re‘ection. ABL givesbehaviors re°ective accesdo the current state of the
ABT, supporting the authoring of meta-behaviors that match on patterns
in the ABT and dynamically modify other running behaviors. Supported
ABT modi cations include succeedingfailing or suspending a goal or be-
havior, and modifying the annotations of a subgoalstep, such as changing
the persistenceor priorit y. Safere®ection is provided by wrapping all ABT
nodesin special WMEs. Pattern matching on ABT state is then accom-
plished through normal WME tests. A behavior can only touch the ABT
through the re°ection APl provided on thesewrapper WMESs.

2 Multiple namedmemories.Working memoriescan be given a public name,
which then, through the name, are available to all ABL agerts. Any WME
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test can simultaneously referencemultiple memories(the default memory
is the agert's private memory). In Fasade named memoriesare useful for
giving agens accesso a global story memory.

The most signi cant ABL extension of Hap is support for joint goalsand
behaviors, described in the following section.

5 Joint Goals and Behaviors

In order to facilitate the coordination of charactersin the carrying out of dra-
matic action, we extended the semartics of Hap, in a manner analogousto
the STEAM multi-agent coordination framework (Tambe [31]). This section
describesjoint gaals and behaviors ABL's support for multi-agent coordina-
tion.

The driving design goal of joint behaviors is to combine the rich seman-
tics for individual expressie behavior o®eredby Hap with support for the
automatic syndironization of behavior acrossmultiple agerts.

In ABL, the basic unit of coordination is the joint goal. When a goal is
marked as joint, ABL enforces,in a manner transparent to the programmer,
coordinated entry into and exit from the behaviors chosento accomplishthe
goal. The keyword joint canbe usedto modify both goalsand behaviors, telling
ABL that entry into and exit from the joint behavior should be automatically
coordinated with team members.

5.1 ABL's Under-the-ho od Negotiation Pro cess for Joint Goals
and Behaviors

Entry into a behavior occurs when the behavior is chosento satisfy a sub-
goal. Exit from the behavior occurs when the behavior succeedsfails, or is
suspended. ABL's algorithm for executing a joint subgoal and coordinating
entry appearsin Fig. 3.

When ABL executesa joint goal, a behavior is chosenfor the goal using
normal Hap behavior selection methods, with the additional constraint that
the behavior must be joint (marked with the joint keyword).

Joint behaviors include a speci cation of the team members who must
participate in the behavior. If a joint behavior is found for the joint goal,
ABL marks the goal as negotiating and begins negotiating entry with team
membersspeci ed in the joint behavior. The negotiating joint goalis removed
from the con’ict set, blocking that line of expansionuntil negotiation com-
pletes. All other parallel lines of expansionare still pursued. If the negotiation
takes awhile, perhapsbecausethere are a large number of distributed team-
mates who are syndironizing during the negotiation, all negotiating agerts
continue to executethe decisioncycle and engagein behavior. An intention-
to-enter messagas sert to all team members. The initiating messageancludes
information about the goal signature and argumerts.
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1. The initiating agert choosesa joint behavior for the joint goal basedon sig-
nature matching, precondition satisfaction, and speci cities.

2. If ajoint behavior is found for the joint goal, mark the goal as negotiating
and broadcast an intention to enter the goal to all team members, otherwise
fail the goal.

3. If all team members respond with an intention to enter the joint goal, add
the joint behavior (and behavior children) to the ABT.

4. If any team member reports an intention to refuse entry to the joint goal,
broadcast an intention to refuse entry and fail the behavior when all team
members respond with an intention to refuse entry.

Fig. 3. Agent initiating a joint behavior via joint subgoal execution

The goal remainsin the negotiating state until all team membersrespond
with an intention to enter or an intention to refuseertry. If all agerts respond
with intention-to-enter messagesthis signalsthat all agerts in the team have
found appropriate behaviors in their local behavior libraries; the goal state
is changedto exeuting, and the selectedbehavior and its stepsare added to
the ABT. If any agert responds with an intention to refuse ertry, presum-
ably because given the goal signature and goal argumerts, it could not nd a
satis ed joint behavior, the initiating agen sendsall team members an inten-
tion to refuseentry. When all agerts report that they intend to refuseertry,
the initiating agert fails the joint behavior (whose stepsnever actually got a
chanceto execute). This causesthe goal to attempt to nd a di®eren joint
behavior with satis ed precondition, perhapsonewith a di®eren set of team
members. Just aswith a normal (non-joint) goal, if no suc alternate behavior
can be found, the goal fails.

Figure 3 shaws the erntry negotiation algorithm for the initiator of a joint
goal, that is, the agert who originally executesthe joint goal step, and who
thus beginsthe joint behavior selection and negotiation process.The team-
mates of a joint goal initiator use a similar negotiation algorithm. The only
di®erenceis that for non-initiators, a joint goal with appropriate signature
and argumerts must be created and attached to the root collection behavior
of the ABT.

1. An initiating agert broadcaststo all team membersan intention to exit (either
succeed,fail, or suspend) an executing joint goal.

2. All agerts receiving an intention to exit respond by broadcasting to all team
members their own intention to exit (succeed,fail, or suspend).

3. When all team members respond with the appropriate intention to exit, the
joint goal is succeeded failed or suspended as appropriate.

Fig. 4. Agent exiting a joint behavior
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The algorithm for coordinating exit from a joint behavior is showvn in
Fig. 4. For example, assumethat a joint behavior has been successfullyen-
tered by a team. At this point ead member of the team is executing a joint
behavior from their local behavior library with the samesignature, argumerts,
and team members. One of the team menbers, in executing their local joint
behavior, encourters a condition wherethey should exit the behavior. Perhaps
the last step of the behavior succeedscausingthe joint behavior and goal to
succeed,or the context condition fails, causingthe joint behavior and goal to
fail, or a higher priority con®icting goal (either joint or non-joint) enters the
ABT, causingthe joint goal to suspend. The agert encounering this situa-
tion becomesthe initiator of the intention to exit (the exit initiator does not
have to be the sameagert asthe entry initiator). The exit initiator marks the
joint goal as negotiating and broadcaststhe appropriate intention to exit to
all team menbers. While the joint goal is in the negotiating state it blocks
that line of expansion;all other lines of expansionin the ABT are still active.

As eadh team member receives an intention to exit, it marks its local
version of the joint goal as negotiating and broadcastsan exit intention. Once
exit intentions have beenreceived from all team members, an agen exits the
negotiating goal (succeedsfails or suspendsthe goal).

5.2 Example of Basic Joint Goal and Behavior Supp ort

This section provides a simple example of the joint goal negotiation protocol
in action, basedon the follow-the-leader behavior of the Woggles[16].

Fig. 5. Close-up of three woggles
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The Woggle world, an early demonstration system produced by the Oz
Project, consistsof a Dr. Seuss-like landscape inhabited by three Woggles{
the shy Shrimp, the aggressie Wolf, and the friendly Bear (Fig. 5.2). As the
Wogglesplay, "ght and hang out with ead other, the player is able to enter
the Woggleworld as a fourth Woggle.

The diagram in Fig. 6 shaws the original behavior structure for a fol-
lower playing follow-the-leader. The behavior is decompsedinto three sub-
behaviors, oneto copy the leader'sjumps, oneto copy the leader's squashes,
and one to monitor whether the follower is falling too far behind the leader.
Each of these behaviors is in turn decompsedinto a sensingbehavior that
gathers information from the world (e.g. seejump, ched if you are behind),
and a behavior that acts on the sensedinformation (e.g. copy the jump
recorded by the \see jump" behavior). Communication between behaviors
takes place via memory elemers posted to and matched from the agen's
working memory.

Fig. 6. Original behavior structure for the follower

The diagramin Fig. 5.2 showsthe original behavior structure for the leader
playing follow-the-leader. The top level behavior is decomposedinto two sub-
behaviors, oneto do \fun stu®" (the hopping and squashingthat the follower
will copy) and one to monitor whether the follower has fallen behind. The
\fun stu®" behavior is further decompsedinto three di®erert ways to have
fun. The \mak e sure follower does not fall behind" behavior is decompsed
into a sensingbehavior that monitors the follower's activity, and a behav-
ior that waits for the follower to catch up in the evert that the follower did
fall behind. Note that both Fig. 6 and Fig. 5.2 elide the sequetial struc-
ture of the behaviors, shaving only the persistert, parallel, subgoalstructure.
The complete\lead-the-follower" behavior rst choosesa co-Woggleto invite,
movesover to the invitee, o®ersan invitation to play follow-the-leader (using
Wogglebody language),and then, if the invitee signalsthat the invitation is
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accepted,starts the two parallel behaviors \fun stu®" and \monitor follower"
diagrammedin Fig. 5.2.

For two Wogglesto play a game of follow-the-leader, one of the Woggles
must rst decidethat it wants to be a leaderand successfullyinvite the other
Woggleto be a follower. The two Wogglesthen independertly executetheir
respective behavior hierarchies. Thesetwo independen hierarchies coordinate
via sensing,by mutually monitoring ead other's physical activities. In addi-
tion to the follow-the-leader behavior hierarchy, both Woggleshave a number
of other behaviors executing in parallel. These behaviors are monitoring the
world for certain actions, such as someonesaying \hi", a friend being at-
tacked by someoneelse,someoneinviting the Woggleto play a game, etc. If
the follower pausesin the middle of the gameto respond to one of theseworld
everts, perhapssuspending its local follow-the-leader behavior hierarchy, the
leader will experiencethis asthe follower falling behind. If the follower takes
too long to get badk to the game,the leaderwill \time out" and the lead-the-
follower behavior will fail (stop executing with failure). The leader will then
start doing something else.

Fig. 7. Original behavior structure for the leader

However, unlesssimilar timeouts have beenplacedin the right behaviors
in the follower, the follower, after completing the interruption, will unsuspend
and continue playing follow-the-leader. In fact, the original Wogglecode does
not have the appropriate timeouts in the follower, and so this condition can
happen.

At this point, the former leaderis jumping around the world doing its own
thing while the follower dutifully follows behind copying the leader's actions;
the leaderis not aware that the follower's actions arein any way related to the
leader,and the follower hasno ideathat the leaderis no longer playing follow-
the-leader. This is one example of the coordination failures that can happen
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/lLeader's versionof FollowTheLeader
joint parallel behavia FollowTheLeaderf
teammemters Shrimp, Bea;
preconditionf <I'm a leaderand feel like leading> g

subgoal DoFunStu®();
subgoalMakeSurefllowerDoesntFallBehind();
g

/IF ollower's versionof FollowTheLeader
joint parallel behavio FollowTheLeaderf
teammemters Shrimp, Bea;
preconditionf <I'm a follower and feel like playing> g

subgoal CopyJumps();
subgoal CopySquashes();
subgoalMakeSureYuDontFallBehind();

Fig. 8. Joint behaviors for follow-the-leader

evenin arather simplejoint action whenthe joint activity is producedthrough
the ad hoc syndhronization of independert behavior hierarchies.

Using ABL's joint behaviors, the top of the leader's and follower's follow-
the-leader behavior hierarchies are shavn in Fig. 8. To simplify the example,
consider just two of the Woggles, Shrimp and Bear. Since either can be a
leader or follower, both Woggleshave both the leaderand follower versionsof
the behavior in their behavior libraries. One of them, say Bear, decidesto play
follow-the-leader{ this decisionis made by logic in someother behavior, per-
haps a high level motivational behavior, resulting in the creation of a WME,
LeaderWME indicating that Bear wants to lead a gameof follow-the-leader, a
body languagerequestto Shrimp to play, and the execution of joint subgoal
FollowTheLeader()

The execution of the joint subgoalresultsin ABL trying to nd a satis ed
joint behavior to accomplishthe goal. The preconditions distinguish between
the leaderand follower caseslf the behaviors did not have preconditions test-
ing LeaderWME then the initiator of FollowTheLeader()might inadvertently
selectthe follower version of the behavior. Sensingcould also be usedto dis-
tinguish the two casesselectingthe leaderversionif a body languagerequest
to play from another Woggle has not been recertly seen,and the follower
version if it has. Once ABL has selectedthe leader version of joint behav-
ior FollowTheLeader()for Bear, the subgoal FollowTheLeader()is marked as
negotiating and a request-to-erter is sert to Shrimp. ABL createsa joint sub-
goal FollowTheLeader()at the root of Shrimp's ABT and selectsthe follower
version of the behavior from his joint behavior library, again using precon-
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ditions to distinguish cases.Note that the preconditions can also be used
to add personality-speci ¢ tests as to whether the Woggle feelslike playing
follow-the-leader. In Shrimp's case,for example, Shrimp may only feel like
playing if he has not recertly been picked on by another Woggle. Assuming
that Shrimp's precondition is satis ed, ABL sendsan intention-to-enter from
Shrimp to Bear. Both Shrimp and Bear have received intentions-to-enter from
all team members, so ABL adds their respective selectedbehaviors to their
ABT's; they are now both playing follow-the-leader.

Once coordinated entry into FollowThelLeader()is established, they con-
tinue playing follow-the-leader until one of them exits the behavior. Perhaps
Wolf threatens Shrimp in the middle of the game, causing Shrimp to engage
in high priority fear reaction that suspends his local FollowTheLeader()goal.
The goalis marked as negotiating and an intention to suspendis sert to Bear.
ABL marks Bear's goal as negotiating and sendsan intention to suspend to
Shrimp. They have both received intentions to suspend from all team mem-
bers,soABL locally suspendsthe FollowTheLeader()goal for ead. Similar exit
negotiations ensure synchronization on goal successand failure. Every team
member is guaranteed that if it is locally executing the joint goal FollowThe-
Leader() all team menbers are executing the joint goal FollonTheLeader()

5.3 Nested / Multiple Joint Goals and Behaviors

Joint goalsand behaviors thus synchronize behavior execution acrossagerts;
the entry into a joint behavior is precisely a synchronization point. Joint and
individual behaviors can be nestedarbitrarily within the behavior hierarchy,
depending on the granularity of the syndcironization required. In the simple
joint behaviors in Fig. 8, only the FollowTheLeader()behavior is joint. How-
ever, smaller granularity behaviors could alsobe joint. For example,jump and
squashcould be implemented as joint behaviors within the follow-the-leader
behavior hierarchy. When a joint jump is entered, it would coordinate the
leader and followers for the speci ¢ act of jumping. In essencethis would es-
tablish an automatic pattern of communication betweenthe Wogglessaying
\now the leaderis going to do a jump and all the followers should copy it".

In addition, an agernt can be committed to multiple simultaneous joint goals
with di®erert team members. For example, Shrimp could be a follower com-
mitted to a FollowTheLeader()goal with Bear while simultaneously committed
to a Hassle()goal with Wolf (a goal coordinating Wolf and Shrimp in Wolf
hassling Shrimp). As the two behaviors mixed together, Shrimp would keepa
wary eye on Wolf, occasionally slinking or groveling, while trying to keepup
in follow-the-leaderwith Bear.

5.4 Full Complexit y of Joint Goal Negotiation

Sofar this chapter hasdescribed a simpli ed versionof ABL's automatic joint
goal negotiation protocol. The full negotiation protocol must appropriately
handle a number of edgecasesand race conditions, speci cally:
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1. ABL must achieve a consistert team state when multiple team menbers
simultaneously intend to exit a joint goal for inconsistert reasons(e.g.
three di®eren team members simultaneously try to fail, succeedand sus-
pend the samejoint goal).

2. ABL must resolwe inconsistenciesresulting from out-of-order receipt of
negotiation messagesMessagedmay arrive out of order due to the mes-
sagetransport medcanism or due to di®erencesn the execution speed of
di®erert team members.

3. ABL must resolwe negotiation con®icts arising within a single agert due
to the parallel pursuit of multiple goals. For example,in the middle of a
negotiation to enter a goal, a parent goal may suspend, and thus cause
the recursive suspensionof all individual and joint goalsin the tree rooted
at the parent goal.

The details of the full joint goal framework are beyond the scope of this
chapter; pleasesee[18] for more detail. The bottom line is that joint goals
and behaviors guarartee coordinated ertry and exit acrossarbitrarily sized
teams consisting of fully asyndronous, arbitrarily scheduledteam menbers.

6 Fasade ABL Idioms: Implemen ting Dramatic Beats

Developing a believable agen languagesudc as ABL involves simultaneously
de ning and implementing language constructs that support the authoring
of expressie behavior, and the exploration of idioms for expressie behav-
ior using the language. This section describesthe ABL idioms developed for
Fasade

In [22, 20] we argued that much work in believable agerts is organized
around the principle of strong autonomy, and that, for story-basedbelievable
agerts, this assumption of strong autonomy is problematic. An agert orga-
nized around the notion of strong autonomy choosesits next action basedon
local perception of its ervironment plus internal state corresponding to the
goals and possibly the emotional state of the agent. All decision making is
organized around the accomplishmen of the individual, private goals of the
agert. But believable agents in a story must also participate in story everts,
which requires making decisionsbasedon global story state (the ertire past
history of interaction consideredas a story) and tightly coordinating the ac-
tivit y of multiple agerts so as to accomplish joint story goals. In order to
resolve the tension betweenlocal and global cortrol of characters, in Fasade
we organize behaviors around the dramatic beat. In the theory of dramatic
writing, the beat is the smallest unit of dramatic action (McKee [23]). In
Faeade, a beat is a » 60-second-longdramatic interaction between characters
such as a brief con’ict about a topic, a short psydological headgame,or the
revelation of an important secret.

Beat-speci ¢ ABL behaviors provide the procedural knowledge necessary
to perform an interactive dramatic beat. This section focuseson describing
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the ABL idioms usedfor authoring sudch behaviors. In Fagade beat sequencing
(selecting the next beat to make active) is handled by the drama manager;
see[19, 21, 18] for details of the drama manager.

6.1 Beat Goal and Handler Behaviors

Beats are organizedaround a collection of beat gaal behaviors { the dramatic
content the beat is designedto communicate to the player through animated
performance.Our authoring strategy for handling player interaction within a
beat is to specify the "canonical" beat goal behavior logic (i.e., what dramatic
performancethe author intendsthe beat to accomplish),aswell asa collection
of beat-speci ¢ handler behaviors that modify this default logic in responseto
player interaction. In order to modify the default logic, the handler behaviors
make use of meta-ABL functionality to modify the ABT state.

While handler behaviors canin principle arbitrarily modify the ABT state,
most fall into one of two generalclasses mix-in handler behaviors that add
an additional beat goal behavior in the middle of a beat while keepingthe rest
of the sequencingthe same, and re-sejuencing handler behaviors that more
radically reorganizethe beat goal sequenceThe ability to factor behavior into
sequenceghat achieve longer-term temporal structures, and meta-behaviors
that modify theselonger-term temporal structures, is a powerful idiom enabled
by ABL's support for re°ection.

6.2 Inside a Beat Goal Behavior

Within individual beat goals, joint goals and behaviors are usedto coordi-

nate the characters in the performance of dramatic action. As can be seen
in Fig. 9, the detailed, coordinated, physical performance of even a single
line of dialog can be quite rich. The characters must engagein coordinated
dramatic performanceto accomplish the intentions of the beat goals, while
simultaneously pursuing longer-term, individual goals that cross beat goal
boundaries. (Cross-beat behaviors are described later in this chapter.) This

is achievable becauseABL can support the autonomous pursuit of individual

goalsin parallel with tightly coordinated team activity, in the ways described
in the previous section of this chapter.

6.3 Organizing Beat Goal Behaviors

The high-level beat goal speci cation for an example beat, \Argue about
Grace'sdecorating," appearsin Fig. 10. The author intends this beat to reveal
con®ict in Grace and Trip's marriage by hinting at the fact that there is
something weird about Grace's obsessie decorating of their apartment. In
this beat Grace is trying to get the player to agreethat somethingis wrong
with her current decorating scheme,while Trip is trying to get the player to
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Grace: ::: but looking at it here in the apartment, it just looks like ::: (laugh
half-lighthearted, half-bitter) a monstrosity!

Grace physical performance:

2 Throughout the line Grace physically adjusts to face the player.

2 0On the bold words she slightly nods her head and barely raisesboth arms.

2 At the beginning of the line shelooks at the armoire with a frown, changing
to a serious expressiona short way into the dialog.

2 At the beginning of the line her mood becomesanxious.

Trip physical performance:

2 Throughout the line Trip physically adjusts to face the player.

2 At the beginning of Grace's line he turns (just his head and eyes) to look at
Grace.

2 A short way into Grace's line he gets an impatient expressionon his face.

2 A short way into Grace's line he reacts with an anxious reaction.

Fig. 9. Detailed performance speci cation for one line of dialog

Transition In (the no-subtopic version)

G: So, Player, I'm hoping you can help me understand where | went wrong with
my new decorating (bitter laugh).
T: (pacifying tone) Oh, Grace, let's not do that.

Address subtopic, part 1 (armoire subtopic)

G: (sigh) You know, when | saw this armoire on the shonroom °oor, | thought it
had such a clean, simple look to it...
T: It's a nice choice.

Address subtopic, part 2 (armoire subtopic)

G: ..but looking at it here in the apartment, it just looks like... (laugh half-
lighthearted, half-bitter) a monstrosity!
T: (under-breath impatient sigh) uhh...

Wait Timeout (default version)
(G looks impatiently betweenthe object and the player, T "dgets)
Transition Out (lean towards Grace aznit y)

G: Ah, yes,I've beenwaiting for someoneto say that!

T: (frustrated) What are you talking about?

G: Trip, our friend is just being honest about my decorating, which | appreciate.
T: (sigh) But I still think this looks ne... (annoyed)

Fig. 10. Excerpts from the beat goal speci cation for the \Argue about Grace's
decorating" beat
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agreethat it looks great and ewerything is ne. This beat is an instance of
what we call an \axnit y game".

In our idiom for Fasade, beats generally have a transition-in beat goal
responsible for establishing the beat context and possibly relating the beat
to action that happenedprior to the beat, a transition-out beat goal comnu-
nicating the dramatic action (changein values) that occurred in the beat as
a function of player interaction within the beat, and a small number of beat
goalsbetweenthe transition-in and transition-out that reveal information and
set up the little interaction gamewithin the beat.

In our example decorating beat, the transition-in beat goal introduces
the ostensibletopic of the beat: Grace thinks something is wrong with her
decorating. The particular transition-in shown in Fig. 10is the most \generic"
transition-in, the oneto useif the interaction prior to this beat did not have
anything to do with the room or decorating. Other transition-in beat goals
are available in this beat for casesn which the player hassomehav referredto
decorating just prior to this beat being sequencedfor example, by referring
to an object assaiated with decorating such asthe coud or the armoire?.

In the body of this beat, the two \address subtopic" beat goals, Grace
speci cally critiques someaspect of her decorating. Trip objects and thinks it
looks "ne, revealing con®ict betweenthem. For this beat there are a number
of di®erert \address subtopic" beat goals for di®erent decorating subtopics,
corresponding to di®erert objects in the room; at the beginning of this beat
goal behavior, if the player has not referred to a speci ¢ object, one is cho-
senat random, otherwise the object referencedby the player (perhapsin an
interaction just prior to this beat) is used.

The beat goal sequencedescribed up to this point is the default logic for
the beat, that is, the sequenceof activity that would happen in the absence
of player interaction. Of course,the whole point of an interactive drama is
that the player can interact { thus there needsto be some medanism for
incorporating interaction into the default beat logic. This is the job of handler
behaviors

6.4 Incorp orating Player Interaction: Handler Behaviors

Each handler behavior is a demonthat waits for someparticular type of player
interaction and \handles" it accordingly. Player interaction includes dialog
interaction (in Faeade, the player can speakto the charactersat any time by
typing text) and physical interaction (e.g.the player movesand standsnext to
someobject). Every beat speci es somebeat-speci ¢ handlers; additionally,
there are global handlersfor handling interactions for which there are no beat-
speci ¢ responsessupplied by the current beat. Handlers are meta-behaviors;

4 \References" to an object can happen verbally, e.g. the player types\l like the
coudh”, and/or physically, by standing near an object and looking at it or picking
it up.
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they make use of re°ection to modify the default logic of the beat. Handlers
fall into two broad classes:mix-in handlers, which primarily mix a response
into the current beat, and re-sequencéiandlers, which modify the sequencing
logic of the current beat.

The most straightforward useof mix-in handlersis to choosea transition-
out beat goal when the player interacts during the \w ait-timeout" beat goal.
The transition-out communicates how the player's interaction within the beat
has changed the story situation. One of the primary story valuesin Fasade
is the player's atnit y with the characters, whether the player is allied with
Trip, with Grace, or is neutral. Atnit y in Faeade is zero-sum{ if the player
moves towards positive atnit y with Trip, the atnity with Grace becomes
negative. For this beat there are three transition-out beat goals, one ead for
the casesof the axnit y changing towards Trip, one for towards Grace, and
onefor staying neutral. The exampletransition-out beat goalin Fig. 10is the
one for an atnit y change towards Grace; in this casethe player has agreed
with Grace (e.g.\Y es,the armoire is ugly"), and, perhapssurprisingly, Grace
is happy to hear someonesay that.

Howevwer, the player, free to speak and act at any time, could have inter-
acted earlier in the beat beforethe body beat goalshad completed{ that is,
beforethe con’ict for the beat had beenfully established.For example,imag-
ine that after Grace's line in the transition-in of the decorating beat (\So,
Player, I'm hoping you can help me understand where | went wrong with my
new decorating"), the player quickly agreeswith Grace(\Y eah,it looksbad").
Sincethe beat con®ict has not beenestablished,it would not make senseto
choose the transition-out yet. In this case,a beat-speci ¢ mix-in beat goal
occurs’, during which Trip says \W ell hold on, hold on, take a closer look,
give it a chanceto soakin a little." To accomplishthis, a beat-speci ¢ mix-in
handler behavior written to handle early-agreemen rst aborts the current
active beat goal behavior, then spawns a particular high-priority beat goal
behavior designedto respond to the agreemen. Becauseof its high priority,
the newly mixed-in agreemei-responsebeat goal behavior will happen rst;
then, the original beat goal behaviors will cortinuein their normal order. Beat
goal behaviors are responsible for determining if they had been interrupted
by mixed-in beat goals,and are designedto perform their content in alternate
ways as needed.

Global mix-in handlersrespond to interactions that are not handled within
the current local (speci ¢) beat context. For example,imagine that during the
decorating beat the player asksif Grace and Trip are planning to ever have
children. There is no beat-speci ¢ meaningto referring to children within the

® The determination that the player's utterance \Y eah, it looks bad" is an agree-
ment with Grace, and further, that agreemen in this context should result in
a mix-in rather than a transition-out, is handled by Faeade's natural language
processing (NLP) system, not by ABL behaviors. For details on Fasade's NLP
system, see[19, 18].
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decorating beat, soa global handler respondsto this interaction with a global
mix-in.

Finally, considerthe caseof beat goal re-sequencénandlers{ handlersthat
signi cantly modify the current sequenceof beat goals.Within the decorating
beat, a re-sequencehandler reacts to referencesto all the objects related to
the decorating beat. There are a number of variants of the \address subtopic"
beat goals, ead of which makesuseof a di®erert object to establishthe beat
con’ict. The version of the \address subtopic" beat goalsin Fig. 10 usesthe
armoire; other versionsusethe coud, the paintings, the wedding picture, etc.
If during the beat the player makesa reference,either physically or verbally,
to any of these objects, the beat switches subtopics; the switch-subtopic re-
sequencehandler rewinds the beat goal logic to addressthe new subtopic.

6.5 Cross-Beat behaviors

In addition to beat goals and handlers, characters in Faeade also engagein
longer-term behaviors that crossbeat goal and beat boundaries. The perfor-
mance of these longer-term behaviors happensin parallel with the perfor-
mance of beat goals. An example cross-teat behavior is the staging behavior
that an agen usesto move to certain dramatically signi cant positions (e.g.
closeor far conversation position with the player or another ager, into po-
sition to pickup or manipulate an object, etc.). A staging requestto move
to closeconversation position with the player might be initiated by the rst
beat goalin a beat. The staging goal is spavned to another part of the ABT.
After the rst beat goal completesits behavior, other beat goalsand handlers
can happen as the agen continues to walk towards the requested staging
point. At any time during a cross-teat behavior, beat goalsand handlers can
usere’ection to "nd out what cross-teat behaviors are currently happening
and succeedor fail them if the cross-beat behaviors are inappropriate for the
current beat goal's or handler's situation.

Additional cross-keat behaviors include "xing a drink for the player (mov-
ing to the bar, making a drink, walking to the player and handing her the
drink, all in parallel with the performance of beat goals) and personality
behaviors such as Grace recollecting a dream she had last night, or Trip ob-
sessiely consulting his fortune-telling crystal ball toy.

7 Coupled ABL Agents Form A Multi-Mind

When authoring multiple coordinating agens, the common approaces are
either to view the multiple agerts asthe e®ectorsof a single, certralized con-
trol system (one mind), or ascompletely separateertities (many minds) that
coordinate via sensingand explicit communication. This is typically treated
asan architectural decision,madeonceup front and then frozen. In cortrast,
joint goals,by intro ducing complex patterns of coupling amonga collection of
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ABL agerts, open up a spectrum betweenone and many minds in which the
degreeof coupling can dynamically change. Thus, rather than architecturally
committing to the one-mind or many-minds extreme, the authors of ABL
agerts can dynamically tune the degreeof coupling asthey author behaviors.
This variable coupling can be best understood by comparing it in more detail
to the one-mind and many-minds approacd.

In the one-mind approad, a collection of agerts are really the di®eren
e®ectorsof a single ertity. This single ertity controls the detailed, momernt-
by-momen activity of all the \agents”. One can certainly imagine writing
such an entity in ABL; sensorsand actions would be parameterizedto refer
to speci ¢ \agents". In an interactive drama context, this is similar to the
story plans approach employed by Lebowitz [11, 12], in which he generated
non-interactive episalic soap operas (as text) by using story plans (as op-
posedto character plans) to coordinate multiple charactersin speci ¢ story
everts. One-mind provides maximum coordination cortrol, but alsointro duces
maximum program complexity. Besidesthe usual data hiding and modularity
argumerts that such a program would be hard to write and understand, and
that, consequetly, unforeseerside e®ectswvould arise from cross-talk between
\agents", there is the additional issuethat much of the combinatorics of agert
interaction would be thrust upon the author. All simultaneousagert activity,
whether explicitly coordinating or not, hasto be explicitly authored.

The many-minds approacd is the intuitiv e model of strong autonomy.
Agents individually pursue their own goals and behaviors. Any coordinated
activity arisesfrom sensedcoordination betweenagens. The internal details
of agerts are hidden from ead other, providing the data hiding and modular-
ity that makes programs easierto write and understand. Agert interaction is
mediated by the world; much of the combinatorics of agen interaction arises
through the world mediation without having to be explicitly authored. But,
dramatic interactions in a story world require a degreeof coordination ditcult
to achieve with sensingor ad hoc communication medanisms|[22, 2Q].

Joint goals, by introducing complex patterns of coupling between teams
of ABL agerts, open up a middle ground in this apparert dichotomy between
one and many minds. When an ABL agert participates in a joint goal, the
execution details of its ABT now depend on both its autonomousresponseto
the ervironment asit pursuesits individual goalsand behaviors, and on the
execution details of its team members' ABTs, but only to the degreethose
execution details impinge on the joint goal. With joint goals, a collection of
agerts becomesa variably coupled multi-mind, neither a single master ertity
cortrolling a collection of puppets, nor a collection of completely autonomous
agerts, but rather a coupled systemin which a collection of ABTs in°uence
ead other, not arbitrarily , but in a manner controlled by the semariics of
joint goal commitment. At any point in time, an ABL agert may hold multiple
simultaneous joint goals, potentially with di®erert teams. These joint goals
fully participate in the rich, cascading e®ectsof normal ABT nodes; only
now the web of communication establishedbetweenspeci ¢ nodesin multiple
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ABTSs allows ABT executione®ectgo cascadeacross agerts aswell aswithin
agerts. As the number and frequency of joint goal commitments acrossa
collection of agerts increases,the collection of agens is moving towards a
one-mind. As the number and frequency decreasesthe collection of agerts is
moving towards many minds.

8 Related Work

As mentioned previously, ABL builds on the Oz Project work on believable
agerts (Bates, Loyall, and Reilly [2], Neal Reilly [25], Loyall [15], Sengerd28]),
both technically, in that ABL is are-implemertation of Hap adding additional
featuresand languageconstructs, and philosophically, in that ABL is informed
by the Oz stanceon believability.

The Media Lab's Synthetic Character group explores architectures that
are basedon natural, animal systems,particularly motivated by the etholog-
ical study of animal behavior (Blumberg [3]). Their recernt architecture, C4
(Burk e et.al. [4]), builds on their previous architectures, and includes a focus
on learning, particularly reinforcemert learning for action selection(seeYoon,
Blumberg, and Schneider [32]) for a discussionof animal training techniques
applied to believable characters). Their work is groundedin the premisethat
modeling realistic, animal-like, sensoryand decision making processess nec-
essaryto achieve believability, particularly the appearanceof self-motivation
and the illusion of life.

The Virtual Theater Project at Stanford has explored the use of explic-
itly represened character models in synthetic actors. For example, in the
Master and Servant scenario, the agerts make explicit use of the notion of
status, borrowed from improvisational acting, to condition their detailed per-
formance of a dramatic scenario(Hayes-Roth, van Gent, and Huber [10)). In
the Cylercafe, the agerts make use of explicit personality traits (e.g. con -
dence,friendliness), borrowed from trait theoriesin psycdology, to condition
the selectionand performance of behaviors (Rousseauand Hayes-Roth [27]).
More recert work has focusedon building annotated environments in which
a character dynamically gains new competenciesand behaviors from objects
in the environment (Doyle [6], Doyle and Hayes-Roth [7]). In this approad,
a character's core, invariable features are factored out from the character's
ervironment-speci ¢ capabilities and knowledge, with the later being repre-
serted in the ervironment rather than in the character.

A number of groups have explored the use of believable agerts in edu-
cational simulations. Sudh work requiresthat the agert simultaneously com-
municate its personality while achieving pedagogicalgoals. The IntelliMedia
Project at North Carolina State University has used animated pedagogical
agerts to provide advice to students in constructivist learning environments
(Lester et. al. [14], Lester and Stone [13]). The group has also performed
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studies to determine whether using agens to deliver advice in suc environ-
ments actually improves studert learning vs. providing the same advice in
a non-ager-based form (Moreno, Mayer and Lester [24]). The Institute for
Creative Tednologiesat USC is building story-basedmilitary training envi-
ronmerts inhabited by believable agents. The agert architecture makesuse of
a cognitive appraisal model of emotion (Gratch and Marsella [9]) built on top
of the STEVE agen architecture (Rickel and Johnson[26]).

Cavazza,Charlesand Mead [5] are exploring the useof deliberative charac-
ter planning for interactiv e story. They usehierarchical task-network planning
to generateplans for character goals.Plots are generatedas a function of the
interaction between character plans. When the steps of a plan fail (perhaps
becauseof player interaction), the systemreplansin the new situation.

Over the last seweral years,gamedesignershave built a number of innova-
tive believable agen architectures for usein commercial games.The virtual
pets products Petz and Babyz (Stern, Frank, and Resner[30], Stern [29])
employ a multi-layer architecture in which state machines perform low-level
action sequencingwhile a goal-processinglayer maintains higher-level goal
state, activating and deactivating state machines as needed. Creatures em-
ploys an arti cial life architecture in which a neural net selectsactions, an
arti cial hormone system modulates the activity of the neural net, and a
genomeencales parameters of both the neural net and hormonal system, al-
lowing traits to be inherited by progery (Grand [8]). Finally, the creatures
in Black & White make use of decisiontree learning to learn to perform ac-
tions on the player's behalf, while the simulated peoplein the Sims hill-clim b
on a desire satisfaction landscape de ned by both the internal drives of the
agert and the current objects in the ervironment (objects provide actions for
satisfying drives).

9 Conclusion

During the production of Fasade, we have written over 100,000lines of ABL
code, constituting the behaviors for dozensof beats, as well as lower-level be-
haviors (e.g. gesturing) and cross-teat behaviors (e.g. xing a drink). Based
on this experience, we have found ABL to be a robust, powerful program-
ming framework for authoring believable agerts. Two of ABL's new features,
joint goalsand re°ection, have proven particularly useful for authoring story-
basal characters. The behavior of story-based characters must, in addition
to maintaining reactive, momert-by-momert believability, must also tightly
coordinate behavior to carry out dramatic action and engagein long term
discoursesequences.

Joint goals,whencombined with the rest of ABL's reactive planning frame-
work, enable coordinated dramatic performance while still supporting rich,
real-time interactivit y. In Faeade joint goals coordinate the performance of



A Behavior Language: Joint Action and Behavioral Idioms 25

individual lines of dialog within beat goals. The automatic coordination pro-

tocol assaiated with joint goals ensuresthat ead character \knows" where

they arein the performanceof a beat goal. As shawvn in the Woggleexample,

the ad-hoc sensor-basedatoordination of even relatively simple and short lived

coordinated behaviors is proneto errors. In an experiencelike Fagadeg in which

multiple characters coordinate every 5 to 10 secondsacrossa heterogeneous
collection of behaviors for minutes on end, architectural support for coordi-

nation becomesa necessiy. But, with ABL's joint goal mechanism, language
support for coordination doesnot compromisethe reactivity of an agert's in-

dividual decision making. For example, within Faeade's joint behaviors, the

characters contin ue to respond to cortingencies, such as adjusting their posi-

tion in responseto player movemert, changing the gesturesaccomparying a

line of dialog to accommalate holding an object, modifying their facial expres-
sionsand body languageas a function of emotional state, aswell as mixing in

longer-term behaviors, such as making a drink, all while coordinating on the

performance of lines of dialog.

The re°ection framework in ABL supports the authoring of meta-behaviors,
that is, behaviors that modify the runtime state of other behaviors. In Fasade
meta-behaviors enabled the beat goals plus handlers idiom described ear-
lier in this chapter, providing a nice solution to the problem of providing
longer-term responsive sequettial activity, in this casediscoursesequences,
within a reactive planning framework. Without re°ection, one might accom-
plish such longer-term sequencesin two ways, by unwinding the possible
temporal sequencesn a hierarchy of goals and behaviors, or through a set
of °at (non-hierarchically organized) behaviors that referencesa declarative
discoursestate. The rst casehas the positive feature that the longer-term
discoursestate is represened by the ewlving structure of the ABT, but at
the expenseof increasedauthorial complexity in both the behavior hierarchy
and the preconditions The secondcaseinvolvesa simpler behavior structure,
but pays for it with the necessiy to maintain declarative state in addition to
the execution state of the agen, introducing the usual problems of keeping
declarative represenations of a dynamic situation up-to-date. ABL's re°ec-
tion mechanismsenablesa third approac, in which the longer-term sequetial
activity is explicitly represenied in the ABT (the canonical sequence),with
meta-behaviors modifying the canonical sequencen responseto interaction.
With meta-behaviors, an ABL agert canengagein a form of look-aheadplan-
ning, in which future sequenceof activity are constructed by manipulating
the reactive execution state (the ABT).

ABL thus provides support for both the coordinated, more deliberative
activity required for storytelling, with the momen-by-momernt reactivity re-
quired for lifelike behavior responsive to player interaction.
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