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ABSTRACT

The essence of the computer as a representatioedium is
procedurality — the ability of the computer to eggan arbitrary
mechanical processes to which observers can asordaming.
Taking full representational advantage of the compuhus
requires procedurally literate authorship, thatiists and writers
who are able to think about and work within compiotel

frameworks; in the extreme case of developing nesdes of
computational expression, authors must be hight§igient in the
use of general purpose programming languages. Véeniar

issues of procedural authorship using the interactirama
Facade as a case studyracade’s explicit design goal is to
provide the player with local and global agencyrdhe evolution
of the dramatic experience; this requires a le¥ghrocedurality
previously not implemented in interactive narrative

1. INTRODUCTION

The essence of the computer as a representatioedium is

procedurality — the ability of the computer to eggan arbitrary
mechanical processes to which observers can asordaming.

Computers do, of course, participate in the pradaadf imagery,

support communication between people via the mediatf long-

distance signals, control electro-mechanical deyiemd support
the storage and interlinking of large quantitiehofman-readable
data. Many tools are available that allow user&ngage these
various capacities of the computer, such as imeay@pulation or

webpage authoring, without requiring users to thpnéccedurally.

But it is precisely the computer's ability to morpfto these
special purpose machines that highlights the coenjsut
procedural nature. These special purpose machigs ools)

are made out of computational processes; the caripatbility to

engage in arbitrary processes allows it to morgh Brbitrary

machines.

Taking full representational advantage of the compuhus
requires procedurally literate authorship, thatiists and writers
who are able to think about and work within compiotel
frameworks. By procedural literacy, we mean thditgbio read
and write processes, to engage procedural repeggsntand
aesthetics, to understand the interplay betweencthwirally-
embedded practices of human meaning-making anditedly-
mediated processes. Even for new media practitiomaio don't
themselves write much code, procedural literacyeisessary for
successfully participating in interdisciplinary leddorative teams,
and for understanding the space of possibility digjital works.
Many authors find themselves engaged in some |efel
programming, especially for interactive work whidf,necessity,
requires conditional response to input, and thessgecification

of a process. In the extreme case of developing meges of
computational expression, authors must be highd§igent in the
use of general purpose programming languages, toseahstruct
new languages and tools specialized for the neweseptational
mode.

In this paper we provide a case-study, using theyactive drama
Facade of this last case of procedural authorshifacade
represents a new mode of computational representati
interactive dramacombining the game-like pleasure of moment-
by-moment interaction with believable characterithwhe story-
like pleasure of participating in and influencing leng-term
dramatic progression. As procedural authors, we ernnodk
several design-plus-programming tasks: deconstryietidramatic
narrative into a hierarchy of story and behaviacps; designing
an Al (artificial intelligence) architecture, andoliection of
special purposes languages within the architectoe¢ respond to
and integrate the player's moment-by-moment intevas to
reconstruct a real-time dramatic performance frbwsé pieces;
and writing an engaging, compelling story withinisthnew
framework.

This paper makes a case for the importance of proeé

authorship, describes the design goal§a¢adeand how these
goals could only be met through a highly procedapgroach to
interactive narrative, and finally describéacade’sarchitecture,
content organization, and the experience of autigowithin this

framework.

2. PROCEDURALITY

Murray identified four essential properties of tt@mputer as a
representational medium: that computers are proagdu
participatory, encyclopedic and spatial [17]. Thegedural, of
course, refers to the machinic nature of computthat they
embody complex causal processes, and in fact camauke to
embody any arbitrary process. The participatory refers to the
interactive nature of computers, that they can dyoally respond
to outside signals, and be made to respond to thigeals in a
way that treats those signals as having the meassogbed to
them by people (that is, non-arbitrary responskg @ncyclopedic
refers to the vast storage capacity of digital cotags, and their
ability to organize, retrieve and index stored mateThe spatial
refers to the ability of digital computers to regget space,
whether that is the physical space of virtual tgaind games, or
the abstract space of networks of information.

Various communities of practice tend to hold difetr properties
as central. Here we provide a few examples of tindlgging of
various properties. For the Demoscene, a largetyppetition-
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oriented subculture with groups and individual sasticompeting
against each other in technical and artistic ezpel [18],
procedurality is central; the aim is to procedyrgknerate as rich
an audio-visual experience as possible using tihémim amount
of stored content. The participatory is privilegedrhetorics of
agency, control, and co-authorship, and has beapted by
communities as diverse as user-interface desigeraictive art,
and digital marketing. Database art privileges ¢neyclopedic,
sometimes viewing all new media art practice asaptatrically
related to the manipulation and resequencing o& ddbres.
Spatiality is privileged by such diverse commuitias virtual
reality, game design, and hypertext.

While all of these properties play some role in imas
computational media, procedurality is the essentifining
property of computational media, without which tlogher
properties could not exist.

Any participatory system requires the specificatmnpotential

action that is carried out in response to a stiswiapturing a
space of potential action requires specifying ahimecor process
that can actualize the potential under differemticgencies. In
other words, participatory systems require procaliyr The

converse is not true; there can be procedural mgsthat are not
participatory, but rather execute a fixed proceBoumt accepting
input. Many generative art systems, such as Aat@j, [exhibit

procedurality without being participatory.

Encyclopedic systems are similarly dependent orcquorality.

Without the ability to perform operations on ddia,be able to
access, re-sequence, search, modify, index anorp farge data
stores are useless. Without the procedural compietef web

search technologies, for instance, the web cotadally not exist
in its current scale. There would be no reasomd¢ate a new web
page without the ability to relate the page to ntheready

published pages, and the ability for others to lble & find and

view your page. Again, the converse is not truecBsses can
create elaborate experiences from very small ksrnéhis

capability is in fact the inspiration for the Dernege.

The spatial is clearly a derivative property, arespntational
illusion actively maintained by a process. Graphispatial
representations make use of procedural models tapote and
dynamically update the displayed space. Interacipaces, which
create the sense of space by supporting activgatzm through

the space and may not make use of 2D or 3D grdphica
representations of the space at all, depend orpahngcipatory,
which in turn is supported by procedurality.

The goal here is not simply to play a dominanceehgtween the
various representational properties of computetd, tb avoid

serious confusions and misunderstandings that daa & new

media theory and practice from misunderstanding ¢hetral

importance of procedurality. Without a deep underding of the
relationship between what lies on and beneathdteen, scholars
are unable to deeply read new media work, whiletjgraners,

living in the prison-house of “art friendly” toolare unable to tap
the true representational power of computation medium.

Without an understanding of procedurality, of hovde operates
as an expressive medium, new media scholars azeddp treat
the operation of the media artifacts they studyadslack box,
losing the crucial relationship between authorshipde, and

audience reception. Code is a kind of writing; jast literary

scholars wouldn’t dream of reading only translatgdsses of
work, never reading the full work in its originanguage, so new
media scholars must read code, not just at thelsitepel of

primitive operations and control flow, but at thevél of the

procedural rhetoric, aesthetics and poetics encodadvork.

New media practitioners without procedural literaeg confined
to producing those interactive systems that happde possible
to produce within existing authoring tools. To dagech tools
tend to have an encyclopedic orientation; in theseabe of
significant support for procedural authorship (peogramming),
authorship consists of the gathering together oherous media
assets (video, sound, text, image, etc.), and thaiad and
temporal composition of those assets within thecedaral
framework supported by the tool (e.g. linking). §tapproach
fundamentally limits the size and complexity of newmedia
artifacts. For interactive works, this problem gpecially severe,
as it forces the author to pre-specify and expyiciuthor
responses to all possible interactive situations.

2.1 Procedurality and Content

To describe the relationship between computatiod aredia
assets, Chris Crawford introduced the tgmracess intensity4].
Process intensity is the “crunch per bit”, theaaif computation
to the size of the media assets being manipulatetebsystem. If
a game (or any interactive software) primarily gégs media
playback in response to interaction, it has lowcpss intensity.
The code is doing very little work — it's esseniglist shoveling
bits from the hard drive or CD-ROM to the screed speakers.
As a game (or any interactive software) manipulatescombines
media assets, its process intensity increases. rifkigucally
generated images and sound that make no use ¢$ aseduced
offline have maximum process intensity.

Process intensity directly enables richness ofraatévity. As
process intensity decreases, the author must peodugreater
number of offline assets (e.g. pre-rendered chuakstext,
animations or video) to respond to the differentsgiole
interactions. The number of offline assets reguiemaintain a
given level of interactivity increases exponenyials process
intensity decreases; therefore, in general, deese@s process
intensity result in decreases in the richnesstefattivity.

Though games have a relatively high process intemsthin the
space of new media artifacts, contemporary gamespashing
against authoring limits caused by an over-reliance non-
procedural, static assets. Contemporary games asiéectronic
Arts’ The Lord of the Ringdranchise currently contain more
media files than lines of code. Even open-world gasuch as the
Grand Theft Autdranchise, lauded for their simulated, procedural
worlds, still use static assets for every vehideery type of
person, every building, every weapon, and so forth.

Furthermore, developers at a recent Game Devel@mrference
voiced concern that next-generation console gamawzee will
only exacerbate this content crisis. The requirarfamever-more
detailed graphics to entice consumers to purchesegeneration
consoles means that assets become more expenspredoce,
requiring ever larger teams, making games more resipe.
Consumers want more gameplay, meaning larger gathas,
requiring even more assets to be produced; thigealllts in a



positive-feedback loop that is considered by maoy be
unsustainable.

Where insufficient procedurality is creating a ixidn the
authoring of traditional games, it has preventadestong sought-
after genres of interactive art and entertainmsnth as the high-
agency interactive story, from even getting off tgeound.
Bringing process intensive, Al-based techniquethéoproblem of
interactive story was one of the fundamental retegoals of our
interactive dramak-acade

3. THE INTERACTIVE DRAMA FACADE
3.1 A Case-Study for Procedural Content

Motivated by our belief that the research into higbrocedural
authoring methods will enable yet-to-be-realizednrge of
interactive art and entertainment, we undertookdé&eelopment
of the interactive dram&acade[7]. The dream of interactive
drama, perhaps best envisioned by 8tar TrekHolodeck and
first presented in an academic context by Brendardlain
Computers as Theatre[8], has players interacting with
compelling, psychologically complex characters, ahdough
these interactions having a real influence on aanyoally
evolving storyline. Using a decade of prior reskafiom the
Carnegie Mellon Oz Project [2, 9] as a startingnpand our
belief that a fully-realized interactive drama hadt yet been
built, we embarked on a five year effort to devefmpcedural
authoring methods for believable characters, nhtlaraguage
conversation, and dynamic storyline, integrated iatsmall but
complete, playable experience. Publicly releaseduly 2005,
Facadehas been downloaded over 100,000 players worldegde
of this writing, and received widespread criticetlaim [6].

Figure 1. Grace and Trip iRacade viewed from the player's
first-person perspective.

Enjoyable video games tend to be highly procedural
implementation, because among implementation
procedurality affords the greatest degree of dyeamiand
reactivity — features very satisfying to playersThe best
procedural video games excel at giving players -aighncy
experiences, that is, providing ample opportunitesthe player
to take action and receive immediate feedback. \W#badewe
wanted to create an interactive drama that provilleslevel of

method

immediate, moment-by-moment agency, lazal agency found

in games. But unlike games, we want the playerxjpeeence
global agencythat is, longer-term player influence on the aller
story arc, over which topics get brought up, hoe tharacters
feel about the player over time, and how the stonys.

Like contemporary gameBagadeis set in a simulated world with
real-time 3D animation and sound, and offers tteye a first-
person, continuous, direct-interaction interface, ithw
unconstrained navigation and ability to pick up arsg objects.
But like drama, particularly theatrical drama abqérsonal
relationships such a¥vho's Afraid of Virginia Woolf?[1],

Facade uses unconstrained natural language and emotional

gesture as a primary mode of expression for allradters,
including the player. Rather than being aboutreavhe world,
fighting monsters or rescuing princesses, the si@rgbout the
emotional entanglements of human relationships cigally

about the dissolution of a marriage. There is upittime and
space — all action takes place in an apartmentd-tla® overall
event structure is modulated to align to a well¥fed Aristotelian
tension arc, i.e. inciting incident, rising tensiernisis, climax, and
denouement, independent of the details of exactiptvevents
occur in any one run-through of the experience.

Additionally, the story-level choices Fagadeare intended to not
feel like obvious branch points. We believe thaewta player is
faced with obvious choice points consisting of aémumber of
choices (for example, being given a menu of thiferdnt things
to say to choose from), it detracts from the sesfsagency; the
player feels railroaded into doing what the desidmes dictated.

Instead, inFagade the story progression changes in response to

many small actions performed by the player throughthe
experience.

Section 4 of this paper describBacadés procedural content in
detail, and how it achieves these design goals.

3.2 Hindrances Of L ow- or Non-Procedur al
Content

Authors have faced a long-time conundrum when uakierg the
construction of interactive stories: how can aystoe structured
to incorporate interaction, yet retain a satisfyiwegll-formed plot
when experienced by the reader/player? Histoyighk designs
of low- or non-procedural interactive stories héeen forced to
make a tradeoff between these two goals. The negult
“interactive story” may have a well-formed plot,thzan only be
minimally influenced by the reader/player, as seethe linear
narrative threads of most games and some text-&gheen
interactive fiction (IF).

Alternatively, the design tradeoff may be made fre tother
direction, resulting in interactive experiences ttlaan vary
significantly as a result of player action, butkiag the degree of
coherency, pacing and focus that is pleasurableutabell-

constructed stories. A non-procedural, encyclopedisign

approach in which the author creates a (large) euol static
story pieces (assets) that are sequenced by aesisysitem,
inevitably forces this design tradeoff. The autiban choose to
place minimal constraints on the ordering of stqrieces,
allowing the local sequencing of pieces to dependh® local
player interaction. But then the sequences prodwgitdack the

coherency of well-formed story arcs. Fragmentestsplor plots



heavily diluted with unorganized or non-useful lifsaction, are
common in hypertext fiction as well as some IF, mgkthem
problematic to characterize as proper stories.

The only way to increase interactivity in an enopedic design
approach is to author extraordinary amounts of exnby brute
force. Even the most successfdhoose Your Own Adventure
books, where the plot may vary significantly in pesse to
reader’'s choicesand be well-formed, necessarily offer an
unsatisfyingly short series of infrequent, binalpices in order to
avoid a combinatorial explosion of explicitly remee (pre-
written) plot directions. Thus the limited and cuerdbme nature
of a non-procedural, encyclopedic approach is eaghos

Based on frustrating limitations in the prior apgebes described
above, local and global agency within interactiveriss have
commonly been seen as incompatible.

3.3 Procedural Story Design

Our solution inFagadeto this long-time conundrum is to recast
player interactions within a story in terms of ahst social
games Games, which are procedural by nature, achieeéigh
degree of event variability and player agency thatdesire; the
challenge becomes how to design and structure gdraeseflect
the particular meanings we wish our story to exthiand how to

such as sex or divorce, progressing through tiergain more
character and backstory information, and if pustoefar on a
topic, affinity reversals. The second part of tharsis organized
around thetherapy gamgwhere the player is (purposefully or
not) potentially increasing each characters’ degrée self-
realization about their own problems, representedrimally as a
series of counters. Additionally, the system ketpsk of the
overall storytension levelwhich is affected by player moves in
the various social games. Every change in eacte'gastate is
performed by Grace and Trip in emotionally expnassdramatic
ways. On the whole, because their attitudes, lewélsself-
awareness, and overall tension are regularly pssarg, the
experience takes on the form and aesthetic of selgeplotted
domestic drama.

As the granularity of the atomic pieces of storyntemt (e.g.

dialog, emotion and gestural expression) becomessmall, and

the procedures to sequence and combine them imoharent
narrative performance become primary to the retdtizaof the

experience for the player, the author's activitjtslirom that of a
writer of prose into a writer of procedures, thgtinto becoming a
programmer.

4, PROCEDURAL CONTENT IN FACADE

dramatically performthe games as coherent, focused, well-paced 4.1 Richness Through Coherent | nter mixing

narratives.

Further, to be compatible with the procedural, $ation-oriented
nature of games, the granularity of immutable stanytent pieces
must be made unusually small, on the order of idd& and re-
combinable facial expressions, gestures and lihegatng, rather
than multi-sentence lexias of text or extended aanss. As
described in detail in Section 4#acadés content pieces are
organized into multiple, mixable hierarchical lesjetequenced by
procedures written in multiple, mixable authoriagduages.

At a high level,Fagade’s abstract social games are organized
around a numeric “score”, such as the affinity leetwa character
and the player. However, unlike traditional videangps where
there is a fairly direct connection between playeraction (e.g.
pushing a button to fire a gun) and score statg éedecrease in
the health of a monsterl;acade’s social games have several
levels of abstraction separating atomic playerratéons from
changes in social “score”. Instead of jumping owbstacles or
firing a gun, inFagadeplayers fire off a variety ofiscourse acts
in natural language, such as praise, criticisnrtafion and
provocation. While these discourse acts will getgermmediate
reactions from the characters, it may take storyexd-specific
patterns of discourse acts to influence the sogshe score.
Furthermore, the score is not directly communicatethe player
via numbers or sliders, but rather via enricheckattcally
dramatic performance.

As a friend invited over for drinks at a make-oedk moment in
the collapsing marriage of the protagonists Grawe &rip, the
player unwittingly becomes an antagonist of softsced by
Grace and Trip into playing psychological “head gafmwith
them [3]. During the first part of the story, Geaand Trip
interpret all of the player’s discourse acts imterof a zero-sum
affinity gamethat determines whose side Trip and Grace cuyrentl
believe the player to be on. Simultaneously, hbebutton game
is occurring, in which the player can trigger indimy topics

To dramatically perfornFacadés social games (introduced in
Section 3.3) as coherent, focused, well-paced tiesa an
organizing principle is required that breaks awagnf the
constraints of traditional branching narrative stawes, to avoid
the combinatorial explosion that occurs with compleausal
event chains [5]. Our approach to thidimcadeis twofold: first,
we divide the narrative intmultiple fronts of progressigroften
causally independent, only occasionally interdepahd Second,
we build a variety ofnarrative sequencerso sequence these
multiple narrative progressions. These procedusgjusncers,
described below, operate in parallel and can coltigrentermix
their performances with one another.

Facadés architecture and content structure are two salethe
same coin, and will be described in tandem; altvegaay we will
describe how the coherent intermixing is achieved.

4.1.1 Architecture and Content Framework

The Fagadesystem consists of several procedural subsysteats t
operate simultaneously and communicate with onghand11,
12, 13, 14, 15]. Each is briefly described below.

The dynamic, moment-by-moment performance of theradters
Grace and Trip — how they perform their dialog, htbey express
emotion, how they follow the player around and oBgcts — are
written as a vast collection dehaviors which are short reactive
procedures representing numerous goals and sub-doalthe
characters, arranged in a vast, hierarchical, dicaiyrchanging
tree structure. These behaviors are written ieaative-planning
language called A Behavior Language (ABL), devetbps part
of the Facadeproject that manages both parallel and sequential
behavior interrelations such as sub-goal succesk faiure,
priority, conflict, preconditions and context cotioins.

The narrative sequencers for the social games|soevaitten in
ABL, taking advantage of ABL’'s ability to perfornmeta-



behaviorsthat modify the runtime state of other behavionsyre
on this in the next section.

The highest level narrative sequencer, a subsysigiad the
drama manager sequences dramatideats according to
specifications written in a custom drama managerterguage.

player interaction. In general, transition-out go&loth reveal
information and communicate how the player’s actigthin the
beat has changed the affinity dynamic.

A beat’'s canonical beat goal sequence captures thewbeat
would play out in the absence of interaction. Imiidn to the

Beats inFacadeare large groups of behaviors organized around a beat goals, there are a set of meta-behaviorsddadiedlersthat

particular topic, described in the next section.

Another subsystem is a set of rules for understendand
interpreting natural language (NL) and gesturaluinfrom the
player. These rules are written in a custom laggumplemented
with Jess, a forward-chaining rule language. Wtien player
enters dialog, these NL rules interpret one or nmeanings (the
aforementioneddiscourse acls A second set of rules called
reaction proposersurther interpret these DA’s in context-specific
ways, such as agreement, disagreement, alliangerogocation,
and send this interpretation to the behaviors aadhd manager
to react to.

The final subsystem is a custom animation engiaé¢ plerforms
character action, emotional expression and spolaaglby way
of real-time non-photorealistic procedural rendgrias well as
music and sound. The animation engine is driverthey ABL
behaviors; the engine also senses information atheutocation
and actions of each character for the behavious¢o

4.1.2 Beats, Beat Goals and Beat Mix-ins

Facades primary narrative sequencing occurs within atbea
inspired by the smallest unit of dramatic actionthe theory of
dramatic writing [16]; howevelFacade beats ended up being
larger structures than the canonical beats of diamaiting. A
Facadebeat is comprised of anywhere from 10 to jdft dialog
behaviors(JDBs), written in ABL. Each beat itself is a raive
sequencer, responsible for sequencing a subsds afDBs in
response to player interaction. Only one beattis@at any time.
A JDB, Facadés atomic unit of dramatic action (and closer ® th
canonical beat of dramatic writing) consists of ightly
coordinated, dramatic exchange of 1 to 5 linesialbd between
Grace and Trip, typically lasting a few second®BS consist of
40 to 200 lines of ABL code. A beat’s JDBs are oiged around
a common narrative goal, such as a brief conflimua a topic,
like Grace’s obsession with redecorating, or theslegion of an
important secret, like Trip’s attempt to force Grdo enjoy their
second honeymoon in Italy. Each JDB is capablkhahging one
or more values of story state, such as the affijéiye’s value, or
any of the therapy game’s self-revelation progmssounters, or
the overall story tension level. Within-beat naw@atsequencers
implements the affinity game; the topic of a beaniparticular
instance of the affinity game.

There are two typical uses of JDBs within beatdhest goalsand
beat mix-ins A beat consists of a canonical sequence of tiera
goals called beat goals. The typical canonical sege consists of
a transition-in goal that provides a narrative $fdion into the
beat (e.g. bringing up a new topic, perhaps coimgedt to the
previous topic), several body goals that accomptish beat (in
affinity game beats, the body goals establish tepiecific
conflicts between Grace and Trip that force the/gnldo choose
sides), a wait goal in which Grace and Trip waittfte player to
respond to the head game established by the behta alefault
transition-out that transitions out of the beattlie event of no

wait for specific interpretations of player dial@@djscourse acts),
and modify the canonical sequence in responsecdlpiusing
beat mix-ins. That is, the handler logic implemetits custom
narrative sequencer for the beat. Beat mix-in JRBs beat-
specific reactions used to respond to player astemd connect
the interaction back to the canonical sequence.ndiées are
responsible both for potentially adding, removimgl ae-ordering
future beat goals, as well as interjecting beat-imixinto the
canonical sequence. By factoring the narrative seguag logic
and the beat goals in this way, we avoid havingrmianually
unwind the sequencing logic into the beat goal JDBmselves.

For Facade an experience that lasts ~20 minutes and requires

several replays to see all of the content availafaley one
runthrough performs at most 25% of the total contamilable),
we authored ~2500 JDBs. Approximately 66% of thpSe0 are
in beat goals and beat mix-ins, organized into i2drtt beats, of
which ~15 are encountered by the player in any roméhrough
(see the drama management section further below).

4.1.3 Global Mix-in Progressions

Another type of narrative sequencer, that operatgsarallel to
and can intermix with beat goals and beat mix-démsglobal mix-

ins. (How coherent intermixing is achieved is desaditin a later
section.) Each category of global mix-in has thréers,

progressively digging deeper into a topic; advarergnof tiers is
caused by player interaction, such as referrinthéotopic. Each
tier in the progression is constructed from onenore JDBs, just
like beat goals or beat mix-ins. They are focusedsatellite
topics such as marriage, divorce, sex, therapyabmut objects
such as the furniture, drinks, their wedding phote, brass bull,
or the view, or as generic reactions to praiséicsin, flirtations,

oppositions and the like. Additionally, there aevariety of
generic deflection and recovery global mix-ins fesponding to
overly confusing or inappropriate input from theysr. In total
there are ~20 instances of this type of narrateguencer in
Facade comprising about 33% of the total ~2500 JDBs.

4.1.4 Drama Management (Beat Sequencing)

The coarsest narrative sequencing-acadeoccurs in the drama
manager, obeat sequencer This lies dormant most of the time,
only active when the current beat is finished cabsrted (by the
beat’s own decision, or by a global mix-in). Itas the beat
sequencing level where causal dependence betwegen evants
is handled — that is, where high-level plot decisiare made.

In a beat sequencing language the author ann@atésbeat with
selection knowledge consisting of preconditionsigivs, weight
tests, priorities, priority tests, and story vaéffects — the overall
tension level, inFacadés case. Given a collection of beats
represented in the beat language, such as thet2d in Table 1,
the beat sequencer selects the next beat to bermped. The
unused beat whose preconditions are satisfied amasevstory
tension effects most closely match the near-tegjedtory of an



author-specified story tension arc (Fagade, an Aristotelian
tension arc) is the one chosen; weights and peerialso
influence the decision. [13].

PlayerArrives, TripGreetsPlayer, PlayerEntersTripgGeace,
GraceGreetsPlayer, ArgueOverRedecorating, ExpldinBa
Anniversary, ArgueOverltalyVacation, FixDrinksArgent,
PhoneCallFromParents, TransitionToTension2, Gracast
ToKitchen, PlayerFollowsGraceToKitchen, GraceReturn
FromKitchen, TripStormsToKitchen, PlayerFollowsTrg
Kitchen, TripReturnsFromKitchen, TripReenactsPrapos
BlowupCirisis, PostCrisis, TherapyGame, RevelatiBogdup,
Revelations, EndingNoRevelations, EndingSelfRei@iat
Only, EndingRelationshipRevelationsOnly, EndingBdi-
FullySelfAware, EndingBothSelfAware

Table 1. The names Bacadés 27 beats.

Subsequent sections on Coherent Intermixing, anidrEs and
Successes, further discuss beat sequencing.

4.1.5 Long-term Autonomous Mix-in Behaviors

Long-term autonomous behaviors, such as fixing kdrimnd
sipping them over time, or compulsively playing lwin advice
ball toy, last longer than a 60-second beat or-aebdnd global
mix-in.  While perhaps performing only a minor raive
function, occasionally mixing in a JDB into the mt beat
(comprising only 1% ofacgades JDBs), they contribute a great
deal to the appearance of intelligence in the ctars, by having
them perform extended, coherent series of low-lagébns in the
background over the course of many minutes, agegsral beat
boundaries. By simultaneously performing
autonomous behaviors and joint behaviéi@cadecharacters are
a hybrid between the “one-mind” and “many-mind”rextes of
approaches to agent coordination, becoming in teffewlti-
mind” agents [11].

4.2 Strategiesfor Coherent I ntermixing

Since global mix-ins for the hot-button game argusasiced
among beat goals/mix-ins for the affinity game, athiboth
operate in parallel with the drama manager thatcisasionally
progressing overall story tension, several strakegre needed to
maintain coherency, both in terms of discourse mement and
narrative flow.

First, global mix-in progressions are written to lbausally
independent of any beats’ narrative flow. For exanpvhile

quibbling about their second honeymoon in Italy, avguing

about what type of drinks Trip should serve (affirmame beats,
chosen by the drama manager), it is safe to midiatog about,
for example, sex, or the wedding photo (hot-butiame mix-ins,
triggered by a player’s reference to their topic®ach mix-in's
dialog is written and voice-acted as if they aighgly tangential
topics that are being jutted into the flow of corsation (“Oh,

that photo, yeah, it's really...”).

At the discourse level, mechanisms exist for smigotiandling
such interruptions. During a beat goal, such §sSreminiscing

completely

about the food in lItaly, if a global mix-in is tggred, such as the
player picking up (thereby referring to) the brasd, a gift from
Trip’s lover, the current Italy beat goal will imatiately stop mid-
performance, and the brass bull global mix-in wilkgin
performing, at whichever tier that hot-button gahws already
progressed to. At the time of interruption, if thely beat goal
had not yet passed itfst point which is an author-determined
point in a beat goal’s JDBs, it will need to beeafed when the
global mix-in completes. Short alternate unintptitie dialog is
authored for each beat goal for that purpose. ,Adach beat goal
has areestablishJDB that gets performed if returning to the beat
from a global mix-in (“So, | was going to say, abdtaly...”).
Mix-in's themselves can be interrupted by other-mis, but if
S0, are not repeated as beat goals are.

With only a few exceptions, the narratives of affirgame beats
themselves are also designed to be causally indepérof one
another. For example, in terms of maintaining cehey, it does
not matter which order Grace and Trip argue abtaly,| their
parents, redecorating, fixing drinks, or their dgtianniversary.
When beat sequencing, this allows the drama martagerefer
sequencing any beats related to past topics broughby the
player. Likewise, hot-button mix-ins can be safeiggered in
any order, into almost any beat at any time.

However, great authorial effort was taken to madetdneof each
beat goal/mix-in and global mix-in match each othiring

performance. Most JDBs are authored with 3 totériahtes for
expressing its narrative content at different carabons of player
affinity and tension level. These include variatoin word

choice, voice-acting, emotion, gesture, and apjmtpvariation
of information revealed. By having the tone of-batton global
mix-ins and affinity game beat goals/mix-ins alwagatch each
other, players often perceive them as causallya@|aven though
they are not. Additionally, for any one tone, mdfiBs are
authored with 2 to 4 dialog alternates, equivalennarrative
functionality but helping create a sense of fressnand non-
roboticness in the characters between runthroufithearama.

4.3 Characterizing Agency in Facade

In this section we attempt to characterize theltiegudegree of
local and global agency achieved Hacade. Creating player
agency was a primary design goal feacade,afforded by our
approach of authoring highly procedural content.

4.3.1 Local Agency

When the player's actions cause immediate, corgeatific,
meaningful reactions from the system, we call thisal agency
Furthermore, the greater the range of actions kagep can take,
that is, the more expressive the interface, therritther the local
agency (again, if the responses are meaningful).

Facadeoffers players a continuous, open-ended naturgjuage
interface, as well as physical actions and gests@sh as
navigation, picking up objects, hugging and kissifidgne millions
of potential player inputs are mapped, using hutslref
aforementioned NL rules, into one or more of ~3€apeeterized
discourse acts (DA’'s) such as praise, exclamatitopic
references, and explanations; a second set of cales] reaction



proposers interpret these DA’s in context-speaifirys, such as
agreement, disagreement, alliance, or provocation.

Ideally there would be immediate, meaningful, cat&pecific
responses available at all times for all DA's. tlme actual
implementation oFacgade in our estimation this ideal is reached
~25% of the time, where the player has a satisfgiegree of real-
time control over Grace and Trip’s emotional stafinity to the
player, which topic is being debated, what infolioratis being
revealed, and the current tension level. But nodten, ~40% of
the time, only a partial ideal is reached:
mapping/interpretation from DA to reaction is caarsthe
responses are more generic and/or not as imme#iaténermore,
~25% of the time even shallower reactivity occuansd ~10% of
the time there is little or no reactivity. Thesarying levels of
local agency are sometimes grouped together indeahplusters,
but also have the potential to shift on a momentrmynent basis.

There are two main reasons for these varying leeéldocal
agency. First, from a design perspective, at iregaints in the
overall experience it becomes necessary to furimelpbtential
directions of the narrative in authorially prefetrdirections, to
ensure dramatic pacing and progress. Second, arelaften the
case, a lack of local agency is due to limitatiamshow much
narrative content was authored (see the Failua®sadelow).

4.3.2 Global Agency

The player hagglobal agencywhen the global shape of the
experience is determined by player action.Fatadethis would
mean that the final ending of the story, and thetiqdars of the
narrative arc that lead to that ending, are detezcthin a smooth
and continuous fashion by what the player does,thatlat the
end of the experience the player can understandHasvactions
led to this storyline.

Facadeattempts to achieve global agency in a few walBst,
beat sequencing (i.e., high level plot) can beugriced by what
topics the player refers to; the sequencing cay wathin the
number of allowed permutations of the beats’ prda@mns and
tension-arc-matching requirements. Even with dlybeats in
the system, technically there are thousands oferdifit beat
sequences possible; however, since most beats arsally
independent, the number wieaningfully differenbeat sequences
are few.

More significant than variations of beat sequen¢ashat”

happened) are variations within beats and globak-imi
progressions (“how” it happened). A variety of pats and
dynamics are possible within the affinity, hot-louttand therapy
games over the course of the experience; in fasetipatterns are

monitored by the system and remarked upon in diamat

recapitulations in the BlowupCrisis beat halfwayotigh the
drama, and in the RevelationsBuildup beat at tivaas! of the
drama. A calculus of the final “scores” of the igass social
games is used to determine which of five endingtbegets
sequenced, ranging from either Grace or Trip révgabne or
more big hidden secrets and then deciding to buga&nd leave,
or both of them too afraid to do anything, or btitem realizing
so much about themselves and each other that #wgledto stay
together.

the

4.4 Failures and Successes of Facade

In this section we attempt to evaluate our resultsreating the
interactive dramaFacade whose design goals were strongly
shaped by our procedural content-centric approach t
implementation.

4.4.1 Agency

During the production ofFagade within our “limited” authoring
effort (beyond the building of the architectufacaderequired
~3 person-years of just authoring, which is morantla typical
art/research project but far less than a typicaheandustry
project) we made the tradeoff to support a sigaiftcdegree of
local agency, which came at the expense of not atipg as
much global agency. Combined with the reality ttfeg time
required to design and author JDBs is substardidy 27 beats
were created in the end, resulting in far lowetbglaagency than
we initially hoped for. As a result, we feel weddiot take full
advantage of the power of the drama manager’s déjesh

Furthermore, because the specification of eacht jdiialog
behavior — spoken dialog, staging directions, eomoéind gesture
performance — requires a great deal of authorindg i@nnot
automatically generated by higher-level behaviorsaothoring
tools, we are limited to the permutations of hanthared,
intermixable content. Facade is not generating sentences
themselves — although it is generating sequences.

4.4.2 Feedback

A major challenge we encountered, that we belieagadefalls
short on, is always clearly communicating the stdt¢he social
games to the player. With traditional games, #traightforward
to tell players the game state: display a numeices or show the
character physically at a higher platform, or digpthe current
arrangement of game pieces. But when the “gamestsnsibly
happening inside of the characters’ heads, andeifimend to
maintain a theatrical, performative aesthetic (ara display
internal feelings via stats and slider bars, @lee Simy it
becomes a significant challenge. In our estimatiatade
succeeds better at communicating the state ofithegler affinity
and hot-button games than the more complex thegape.

4.4.3 Interface

Another major challenge was managing the playeq®etations,
raised by the existence of an open-ended naturajubge
interface. We anticipated natural language undedsnhg failures,
which in informal evaluations dfagadeto date, occur ~30% of
the time on average. This tradeoff was intentioisaice we
wanted to better understand the new pleasures nhatral
language can offer when succeedswhich in Fagadewe found
occurs ~70% of the time, either partially or fully.

4.4.4 System Architecture

In our estimation, a success Bécadeis the integration of the
beat goal/mix-in, global mix-in and drama managarrative

sequencers, with an expressive natural languagerfane,

context-specific natural language processing, ampdessive real-
time rendered character animation. We feel theradveffect

makes some progress towards our original desigls géareating
a sense of the immediacy, presence, and alivenesshe

characters required for theatrical drama.



4.4.5 Design

Certain aspects of our drama’s design help mBkeade a
pleasurable interactive experience, while othens. hit helps to

have two tightly-coordinated non-player characters who can

believably keep dramatic action happening, in thenethat the
player stops interacting or acts uncooperativetly.fact, the fast
pace of Grace and Trip’s dialog performance disages lengthy
natural language inputs from the player. By desi@race and
Trip areself-absorbedallowing them to occasionally believably
ignore unrecognized or unhandleable player actio@seating a
loose, sparsely plotted story afforded greater ll@ggency, but
provided fewer opportunities for global agency. wéwer, the
richness of content variation, and at least modedsgree of
global agency achieved, does encourage replay.

The huge domain of the drama, a marriage fallingrtagrguably
hurt the success of the overall experience, in ithaterly raised
players’ expectations of the characters’ intelligesrpsychological
complexity, and language competence. As expectet system
cannot understand, nor has authored reactions ffceiny

reasonable player utterances. The large domaéen aftquires
mapping millions of potential surface texts to jadew discourse
acts, which can feel muddy or overly coarse toplager. Also,

continuous real-time interaction, versus discretigrnftaking)

and/or non-real-time interaction, added a great deadditional

complexity and authoring burden.

5. CONCLUSION

In this paper we have argued that procedural asiiiris
required to take full advantage of the represemmati power of
the computer as an expressive medium. Proceduralitan
underlying support for all modes of digital authops while
procedural literacy is not required to create digivork, new
media practitioners without procedural literacy amnfined to
producing those interactive works that happen tpbssible to
produce within existing authoring tools. We attéeapto make a
case for the importance of procedural authorshiscdbing the
design goals of a case-study, the interactive draagade,and
how these goals could only be met through a higinbcedural
approach to interactive narrativdzagade’sarchitecture, content
organization, and the experience of authoring withthis
framework were described in detail and evaluatederdhining
that procedural authoring is an essential metho@abling yet-
to-be-realized genres of interactive art and eaitament.
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