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Abstract

When building a story-intensive game, there is gbnvtoe
question of how much freedom to give the playereGhe
player too little, and he may feel constrained and
disconnected from the character he is controll@®iye him
too much freedom, and the progression of the sty lag
or stop altogether. This paper focuses on our attéonfind
a balance between offering the player a high degfee
interaction and providing a story-based experiewbere
the player is a key character. Our approach is dddxtin
our Interactive Drama Architecture (IDA), which indes
an omniscient story director agent who managegltyer's
narrative experience. The director agent uses mdgive
description of the plot to track the player's pregg, detect
deviations from the plot, and make directions tppsrting
characters in the game. Our director is used witghgame
we have developed, calléthunt 2, which is an extension to
the Unreal Tournament engine.

I ntroduction

The key problem with presenting a story-intensieeng
experience is that it is necessary to address @hsian
between telling a story and supporting a high degré
interaction for the player. The player is a varatharacter
in the story; the actions he executes may help nibge
story forward, cause it to stall momentarily, oregethe
story from progressing at all. A typical approanhgames
is to constrain the possible actions that the pldges to
choose from so that only actions consistent with plot
are available. The fewer constraints placed orptager’s
actions, the greater possible interactions the gplayan
have with a rich environment. It follows that thigrease
in interaction leads us back to behaviors thatltam the
progression of the plot.

Our approach to mediating this tension between phat
player behavior is the IDA (Interactive
Architecture) system, which is centered on the eisan
omniscient story director agent that is responsifue
maintaining the plot's progression (Magerko et2404).

Much like a human “dungeon master” does in sométab

top role-playing games, the director agent works @&ipre-
written story structure and attempts to guide thesyqy
through that story. The director follows along wikte plot
as it moves along, giving direction to characterdsemv

Drama

necessary to perform particular plot elements. dihector
agent also hypothesizes about the player’s futetetior,
trying to subtly steer the player away from thostioas
that may endanger the progression of the plot. gaume
environment, calledHaunt 2, consists of a fully structured
story, synthetic characters that take part in tbeysa 3-D
world constructed with the Unreal Tournament engine
(Magerko et al. 2004), and the story director agetiich

will be the focus of this paper.

IDA uses player prediction to determine if the glidy
actions will endanger the plot. It is this capabilthat
distinguishes it most from other interactive dragyatems,
such as the MIMESIS architecture and the Crosstalk
framework (Young et al. 2004; Klesen et al. 2003).
MIMESIS uses a fully structured plot, representexdaa
partial-order plan, and either incorporates unpdanplayer
actions into the story or avoids them altogether if
incorporating them is infeasible. The CrossTalknfeavork
incorporates plan-based automatic dialogue geoeratith

an author-defined narrative graph. Other appraadbe
interactive drama have taken a more modular apprt@c
plot construction (Mateas and Stern, 2002; Weyhrauc
1997; Sgorous 1999). They rely on heuristically aging
plot elements as the player moves through the spéce
possible stories. Some systems have also inclugeayar
history as a model of user experience to help btcaily
choose what plot elements should occur next (Seiea.
2003; Weyhrauch 1997). What these systems do not
address is the preemptive alteration of the sttayesin
subtle ways to avoid problematic player actionsthe
future (Beal et al. 2002). While some of the apptes
above possibly provide a greater number of possitaey
orderings, IDA focuses on providing different pbdsiplot
content within the same specified plot structu@rirone
gaming experience to the other. How we accomplighis
addressed in our discussion of the director agemich is
the focus of this paper.

Knowledge Maintenance

In order to make informed decisions about the shétine
story, the director must maintain a comprehensiodehof
the world state. Figure 1 illustrates how this domodel
fits into the overall execution of the directdhe director,
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Figure 1. The execution cycle of the director agent.

using an omniscient view of the world, records any
observable facts about the world’s objects andiestfi.e.

the synthetic characters plus the player). Alonghwi
gathering facts about the physical properties efiorld,
the director forms a hypothesis on each entityewadge
base, trying to capture what knowledge each egtthers

as the story progresses. The model assumes thptatyer
can learn new information from observing the wollding
aware of his own character’s state, or by learning
information from spoken dialogue. Lines of dialogame
tagged with the information that they are intended
communicate. For instance, if the player moves éntoom

he has not been in before, the director will reciat the
player knows a) that the room exists, b) what dbjace in
the room, c) what entities are in the room at tima¢, d)
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Figure 2. Taxonomy of knowledge used in Haunt 2.

any observable attributes about those objects atities
and e) any knowledge that is tagged to audiblesliok
dialogue. This knowledge helps the director decidmt
particular plot elements should be occurring attwinae.

The knowledge used in the plot representation, racto
behaviors, and director’'s model of player behagian be
represented in an overall taxonomy, shown in FigurEhe
purpose of building such taxonomy is not to corgdtan
exhaustive description of the kinds of informatitmt
could be represented in all interactive dramas ratiner to
organize the knowledge that is used by our pasticul
architecture for reasoning about and describingwtb#dd.

By understanding and explicitly organizing the lendf
knowledge that is used in our system, we can havettar
understanding of where our system’'s strengths and
weaknesses are in expressivity.

The top level of the taxonomy organizes informatigrthe
different dimensions that can be used to descrinmeg
constructs (e.g. entities, items, how they relaigether,
and the directors’ internal models of entities).eTAl
actors can be defined by their emotional, mentad an
physical states, while the items in the world cardbscribe
by their physical state only. The director can i@ any
and all of the knowledge in this taxonomy while
maintaining a model of the world and the characters
(e.g. keeping track of the relationships betweero tw
characters, the hypothesized knowledge that thgeplaas
of that relationship or the location of items). Timental
constructs in the taxonomy are split irkmowledge, which

is the combination of an agent’s or user modelfgierm
and short-term knowledge, and theals that an agent or
player model may pursue. The goals may come fram th
story representation, from the character's desoed) the



case of the player model, from the hypothesizedsgog
the player. The parts of the taxonomy labeled \&ith**”
have not yet been implemented in Haunt 2. We'reettly
working on including a simple model of relationship

descriptors. For instance, if it is not importantaetly
where the Innkeeper and Sally are, only that they a
together with the player nearby, we can use a géset of
preconditions, such as Location(Sally, x) and

between the characters, as well as incorporating an Location(lnnkeeper, X). When a descriptor that includes a

emotional into our agent architecture (Marinier araird
2004).

Plot Monitoring

In an interactive drama, it is important that sqraet of the
game architecture, either explicitly or implicithkeeps
track of where the player is in the progressiothefstory.
As illustrated in Figure 1, the director agent dalk the
plot description and executes story direction wheaded.
The story in Haunt 2 takes place in a bed and lfastlon.
The player’s character is murdered at the beginointe

game and re-awakens as a ghost. The rest of the gam

involves the player gathering information from the
synthetic characters, trying to figure out who ddllhim,

and manipulating the characters so that one of them

(hopefully an innocent one) discovers the dead baraty
realizes a murder has taken place. It is the direcjob to
follow the player’s journey through the plot andcitlthe
various dramatic events that take place as spddifiehe
plot description.

Location( Sally, Lobby )

Location{ Innkeeper, Lobby ) Talk{Sally, Innkeeper, small_talk)

Proximity(Player, Sally, 2) Talk{Innkeeper, Sally, small_talk)

Timing{ ==10)

preconditions postconditions

Figure 3. Thefirs plot point in Haunt 2.

Scenes are defined by partially ordered atomioysteents
calledplot points, as shown in Figure 3. Each plot point
comprised of a set of postconditions, which dessritwhat
happens in the world at this point in the storyd anset of
preconditions, which describes what needs to keitrdhe
world in order for these actions to be performedohe of
the earlier scenes of this very short story, theyel is
introduced to the characters “the Innkeeper” arall{Sby

overhearing a conversation of theirs in the mabbjo As
shown in Figure 3, when the player is within eatgdfahe
two characters, the Innkeeper and Sally shouldrnbtgir
conversation.

S

Both preconditions and postconditions havegical
descriptors that describe something about the world. In our
Figure 3, the statementocation(Innkeeper, Lobby)
describes a relationship between an area in thiglwod a
character. In order to allow more abstractly definmsot
points, the language allows the author to use bksain

variable is marked as true, the variable bindingaliso
recorded (e.g. Sally and the Innkeeper are bothhén
lounge, with the player nearby, sowill be bound to
Lounge in this plot point and any other point where it
occurs). This simple change in the story represienta
language opens up the plot space; plot contera ismger
fully specified by the author, but is instead plyi
determined by the actions of the characters angbltneer.
Plot variables can be shared at a global levelsacpbot
points, allowing a variable that is instantiatedlye# the
story to be referenced later. This is a represemiztdetail
that provides a very clear connection between playe
behavior and plot content; the choices that theygula
makes can have a very direct impact on the comtitite
plot he is taking part in.

It is the director’s responsibility to compare ktsowledge
about the world and mark preconditions as true absef
accordingly. As shown in Figure 1, a plot point mainbe
considered for performance (i.e. the plot pointaistive”)
until all of the point's predecessors in the plausture
have been performed. Once all of the preconditiongan
active plot point are true, that point's postcoiutis are
executed by the director (e.g. the director sefgstibn to
the Innkeeper to begin the “small talk” conversatjahe
plot point is set to be inactive, and its childeee set to be
active. This is one of the cases where the diremtecutes
story direction.

Recognizing Errant Player Behavior

The director is responsible for both following thiet as it
progresses and attempting to keep it moving ifalis The
plot may not be able to continue if the player exes an
action that threatens one or more preconditions facplot
point that has not yet been performed. The director
designed to not consider any action as a thredtthatplot
point’s timing constraint has been violated. Wtalenore
complex approach would be to consider threatsartp
future precondition, to start with we are taking gimpler
approach in our current design. When a plot pairget as
active, it typically has a timing constraint assoed with it.
A timing constraint is a special precondition that signifies
some pacing information for a particular plot poi@tur
architecture gives the author of an interactiventrahe
means to specify how quickly things should happethe
world. A timing constraint is initially stored asralative
value or range of values that represent “in whagetrange
this plot point should be performed after the peniance
of its parent.” In Figure 3, we can see that tHit point
should fire by 10 time units after the beginning tbé
game. This allows the director to encode such timin
concepts as urgency or pacing into the plot.



The director can also execute direction because of character thirsty or cold). The director has adlibr of

hypothetical future player behavior. Our architeetus
designed to try to avoid conflicting player behaviefore
it happens. The system models short-term playeaweh
and treats the results of that model as a hypatiodsuture
player behavior. In order to model the player’s &abr,
whenever a plot point is finished, the directorates an
internal copy of the world state. The director al&s a
simple internal, rule-based model of the playeegdvior.

The director runs that model on the simulated world

executing rules to simulate how the world wouldheesd to

the player’s actions, and observing what plot elgsare

affected by the model's actions. The model mayrretu

“success,” meaning that an active plot point’s prefitions

are fulfilled by player behavior, or a “failure,hdicating

that no active plot points are fulfilled. For exdmpafter

the game has begun, the director may observe sémthe o
player’s actions, which consist of staying in tbem where

he was created. The director then creates a copheof
world, runs the player model on that copy, andrretuhe

result that the player will remain in that room dpably

examining objects) until the next plot point's timgi

constraint is violated in the simulation. Therefotbe

modeling result is a “failure” and the director shb

execute some director action to get the playereclds

Sally and the Innkeeper’s forthcoming conversation.

Reconciling Errant Behavior with the Plot

When there is a problem, real or hypothesized, with
flow of the story, the director dynamically altehe world
to get the story back on (or to stay on) trackptimciple,

directions to choose from, each labeled to helpcimétto
the appropriate situation.

The director can create or remove objects fromwhed,
as well as change several physical parameters iat=ibc
with that object (e.g. location). This may be espigc
useful if the user is predicted to alter, or adjuddas
altered, an important object in an irreversible nean For
example, the player may have unwittingly destrogedld
book that contained a piece of information keytte $tory.
As opposed to the story coming to a halt, the tirecan
create a new book with the same information in & ph
the house the user has not been to yet, or plage the
person of one of the characters. There is an irapbrt
interplay here between the hypothesized knowledge lof
the player and what the director can do. Havinghsac

knowledge base as an input into the decision-making

process of “what can | do to move the story aloreyftis a
check on the believability of the action. Creatmdook
out of thin air in a room that the player has jefttis not as
subtle or as believable as creating another copthén
hands of a character that is elsewhere in the ingildr
creating it in a room that the director knows theypr has
not visited.

In terms of environmental story direction, we haeen
the director control over lighting and sound trigge the
world. If the director wishes to attract the player a
particular nearby room, there are sound triggeed #re
accessible to the director that may be triggeretiahroom
(e.g. the clock chiming in the lounge). Such adi@me
useful as subtle attractors to different areaseabj or

the director should be able to change any accessibl
parameter in the game state to guide the player's
experience. What we describe here are the current

even characters in the world. If the player isha tobby,
but we need him to be in the lounge, then chimetbek's

implemented capabilities of the director in Haunt 2

The director can affect the state of three majonmanents
of the world: the synthetic characters, the objectshe
world, and the environment. The synthetic charactar
Haunt are rule-based, goal-oriented agents impleedein
Soar (Laird et al. 1987), with long-term knowledgered
as productions and all other knowledge stored aking
memory elements. Their behavior is determined kgir th
long-term knowledge, the information present in kirg

memory, and an internal physiological model, which

includes physical attributes such thg'st and temperature
(Magerko et al. 2004). An agent may decide to gteoa
drink at the bar if its thirst level is too highdathere are no
important story related actions to carry out atrire@ment.
The director can give the characters new goals {gaj a
drink™), information about the state of the workeld. “the
player is in the lobby now”), or specific atomictiaas for

them to perform (e.g. “perform dialogue line #2 now

speaking to Sally). These directions change thekiwgr
memory of the agents, and therefore alter theiabieh. It
is also possible for the director to change a diars
physiology to indirectly affect behavior (e.g. magia

bells loudly as a new event in the world that megwdthe
player towards the sound. The director can alsargit to
attract or repel the player from a particular rodm
manipulating light levels in the building. If thdager is
hanging out in the lobby, but really should be mgvbn to
the lounge, the director can raise the light lewelthe
lounge, giving some dialogue to the Innkeeper liké,

that's better! Now | can see who I'm talking to,i even
turn out the lights in the lobby, directing the keeper to
say loudly “Sounds like we've blown a fuse downstal'll

look into it after we're done with this chat of sur

Discussion

The current language used by the director for givin
directions is comprised of goals (and lists of gp#hat the
director can send to an agent to fulfill a paréeuplot
element. In our taxonomy shown in Figure 2, this
knowledge is the intersection of story goals artdragoals
(i.e. the goals shared between the story and tbetg)yg It
is up to the designer to be sure that the direstican
actually be achieved by the actors; if an actors geet
command that it does not recognize, it will be igrb



We have considered two different approaches for
determining which direction is appropriate for any
particular descriptor. Our first approach to thigsvsimilar

to that in Weyhrauch’s MOE (Weyhrauch 1997) directo
Descriptors were annotated with specific directioméelp
fulfill them. When a particular story element negéde be
encouraged, it was annotated with the exact doecti
needed. We have since opted for a more modulaoappr

to representing directions in the agent. Descriptare
annotated with a classification, such psoximity or
knowledge. This classification denotes what strategies are
most appropriate for a particular descriptor. When
descriptor is marked as needing direction, the ctbre
examines the entire set of directions, matchedoset that
are of the same classification, and then choosesebe
whichever are applicable for this particular sitolat For
example, there may be two direction rules writtenthie
agent for theproximity class, one that involves only
synthetic characters and one that involves a stiothe
character and the player. Rroximity(Player, Sally, 1)
requires direction, then the director would matttatt
descriptor to thé€roximity action that deals with the player
and another synthetic character. This approachvalfor

the reuse of director actions across multiple dets, the
authoring of actions that can apply to many desaripor
just a single one, and encourages future work in
researching the different kinds of strategies husmase in
story mediation (e.g. the strategies used by dumgeo
masters in table-top games or online games like
Neverwinter Nights).

At the current stage of our work, our player mogeh
barebones representation of player behavior. Otusfas
on incorporating a player model and showing thaisit
effective in preemptive story guidance. There giteapen
guestions with how to more accurately and effidient
include the synthetic characters’ behaviors inte th
modeling process. Future work will involve enriafpithe
model, verifying its effectiveness, and examininge t
incorporation of more complex methods of modelsgch
as learning the likelihoods of the different poksipoals in
the model. The verification of the effectivenessusing a
predictive model of player behavior in an intereetirama
would be a significant contribution to the fielddais the
goal of our future work.

While we are attempting to show the usefulnesslajqy
prediction in an interactive drama, we would likeexplore
additional approaches in the future, such as
incorporation of a depth-limited search into theedior’s
decision-making process. When querying a predictive
model, we are in effect asking the question “Is pkegyer
likely to reach a future plot point?” If the answer i, nto

this question, it seems relevant to also ask “Igvien
possible for the player to get to the next point?” If the
player is unlikely to get further in the plot, buis indeed
possible to, the appropriate actions for the dietd take
may be different then if the world has been chaggmit is

the

actually impossible to move forward, as in our iearl
example of destroying an important plot device.réfare,
our future work will focus on incorporating a sdarc
procedure into the director’s decision-making pescié the
predictive model returns a “false” result.
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