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Abstract

Storytelling in computer games has become a major selling point for nesv With new
games integrating compelling storylines with simulated worldsre is increasingly a
standard set of techniques used to tell a story in games, includiegends, story-based
missions, and the unlocking of new areas of exploration with succgesfutompletion.
To further integrate story telling with the game play of futyaenes, this work draws on
storytelling methods in games, along with academic Al technigues simulation

methods, to propose an innovative paradigm for storytelling in future games.

This thesis presents a new approach to creating game mechaifiging a number of
key concepts that result in an interaction scheme that engatpgeawith a story, while
allowing the player the freedom to interact with and alterdtaaly as it happens. A story
director agent was developed that uses case-based planning a#lsghde scripts,
modelled on Propp’'s morphology, and the dynamic adaptation of these plans.

This agent was incorporated into a social simulation engine tpktyar interacts with
through controlling one of the characters therein. The story dirantbsocial simulation
are symbiotically linked, with a feedback mechanism that ensuicgs are planned
consistently with the simulation.

The system was evaluated and analysed and has proved to represactessful
storytelling paradigm, implementing a high level of player rextgvity with plotting,
while providing an experience that takes the form of an organically wholeiséoryl
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Introduction

1. Thesis Introduction

1.1. Introduction

In the early days of computer games, mesmerising flickesorgens became
portals to areas of adventure and fantasy, as imaginationeenamnared in the first text
adventure games such as 'Adventure' by Woods and Crowther , and thesezieskby
Lebling and Blank. These games were about exploration of worlds azte matving,
told with text from a first-person point of view. Throughout the 198&fr&phics
technology was pushed onwards by the ever-increasing demand forfuipnealised
interactive worlds, and with the advent of Lucasfilm games' mocethseries of SCUMM
games, alongside Sierra's popular King's Quest and Police @uiest sstorytelling on
computer competed successfully with the ‘twitch' arcade gdmaesvere becoming all
the rage across the western world, yet games had still nohéo&tint of being classified

as 'kid's stuff', or 'just for geeks'.

Today, games have steadily made their way to a genergbtance as a new
medium of entertainment, but with the industry becoming more and medgivan,
customers don't accept rehashed uninspired games [Laird 2003]. A newcansed
high-budget game must have a unique selling point to make money backefor t
developer, and Al is increasingly touted on the box. Most games nowaldayteature
some element of storytelling, and this is another key selling @@ngames have to

compete with the big guns that always make money, such as branded sports games.

As the industry has evolved, a large number of extremely innovaamae
mechanics' have been and gone. The term ‘Game Mechanics’' refirs set of rules
which define the internal workings of the game’s systems and hopldler interacts
with them. These interaction schemes represent a new mediunpresgwn for those
with enough skill to grasp the complexity of systems that ergderactive dynamics.
This thesis will present a new approach to creating game meshatilising a number

of key concepts that result in an interaction scheme that engaglayer with a story,
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while allowing the player the freedom to interact with and dhet story. Stories in
commercial games have so far been almost entirely pre-aditeoré a small number of
academic projects are attempting to create technologinterdctive storytelling' which
automatically tailors a story to a player's interactiongabBsee academic projects are not
at the whim of a consumer market, a large amount of experitieenis permitted in this
research, and the techniques used in this work draws from both acadestrsciplines,

and storytelling techniques of games.

1.2. Key Concepts

The term ‘interactive storytelling’ is commonly used to raéethe telling of pre-
authored stories in an interactive way, but for the purpose of this work another gnisanin
relevant, that of the telling of stories that are interactiveatTis, the story itself is
constructed in an interactive way, and then expounded, also ineaacinte way. This
meaning will be referred to in this work &ory (see Figure 1.1). This is in order to
avoid confusion, and to emphasise the fact that istory is a diglieabmenon. The term
'interactive storytelling' emphasises the interactivity efti#ling, and thus applies to oral
storytelling, pantomime, or puppet-shows, as well as every computez theat has a
storyline as motivation for the action. Some oral storytellingndeed istory telling.
Lewis Carroll's 'Alice's Adventures in Wonderland' was originaimposed through an
ongoing conversation between Carroll and the young Alice Liddelljtasdhis concept
of a story as conversation that is attempted with the OPIATE system.
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Story - driven Story generation

computer games and understanding

Tactical and search algorithms

Figure 1.1: Istory as the intersection between Stories, Games, and Attifal

Intelligence

To elucidate the acrony@PIATE — 'Open-ended Proppian Interactive Adaptive
Tale Engine'Open-ended- the stories that are told with this system are not forueda
set ending, but allowed to develop based on player choices. Due theqolet nsed,
satisfying resolutions of stories are possible neverthdResppian - In 1928, Vladimir
Propp published a seminal work in folktale plot analysis that ibdkis of this work, and
enables the events portrayed by the system to take the foamstafry, while being
interactive and alsoadapting to the actions of the player. The three fields of story
analysis, artificial intelligence, and computer games iattri® the creation of true istory
where the story is itself interacting with a player. Althoube three areas intersect in
pairs separately within other areas of study, they convergevitiéye the story is made
as interactive as possible while still retaining the chamatits of a story. This is where

the concept that | refer to in this thesis as istory lies.
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1.3. Thesis Contributions

This work developed a new architecture for integrating an accéptearadigm,

case-based planning, with a storytelling approach based on ViaBnopp's

seminal structural analysis in [Propp 1968].

The storytelling system adapts to the actions of a player-cleatraharacter
within the story world, planning and enacting story plots dynanyicdlhis

integrates player agency in three distinct ways.

The unique storytelling approach is to use a sophisticated Al di@gtor (SD)

agent using the case-based planning component in conjunction with an expert

system, with the SD controlling the goals of semi-autonomous abesain a
socially simulated game world.

A combination of two general approaches to creating istory isl@asimulating
characters and plot at two different levels, but retaining a sfabelationship
between the two with feedback loops.

Through the development of the system, a set of tools was evaioates in an

author toolkit for creating istory in computer games.

1.4. Thesis Structure

Chapter 2 consists of a discussion of the field of story analgsig# has been
developed from Aristotle of ancient Greece through the dawn of mosk@entific

enquiry, up to modern analysis such as structuralism.

Chapter 3 explores further background relevant to the development gstems
in three distinct areas. Computer games will be discussed fienpdint of view of
storytelling, and Al techniques that are applicable to istoxystiag Istory projects will

also be described.
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Chapter 4 discusses the design methods used in creating the OBYAIER,
from the design requirements, through the game engine that walspksy, to the design

of the story telling Al that is the key contribution of this work..

Chapter 5 concerns implementation details of the work, and desttréoesgoing
testing and refinement of the system, while Chapter 6 cordaimmalysis of the system

and the results of a subjective evaluation that took place.

Chapter 7 finishes the thesis with a summary of key conclusiatesaiiption of
possible future work, and a final comment. The References chapledes a section
with all the computer games mentioned in the thesis. The Appenditmas, fwith some

additional information and background on some aspects.
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2. Story Analysis

2.1. Introduction

The methodical study of stories and storytelling is an andieldt but modern
technology is allowing the results of these studies to be evdliratbe context of story
generation and story telling by computer program. This is géngra new kind of
interest in the field of story analysis, and the applicabilitthefwork of past masters is
coming under a different type of scrutiny. The structure of skigtion will follow a
chronological path in its discussion of story analysis techniqued Bae of these
techniques can lend itself to work in the modern arena of interastgtelling.
Examples of this work in other interactive story technologies velidiscussed the next
chapter, and compared to OPIATE in the Analysis chapter, Chapter 6 of the thesis.

There will be a more in-depth analysis of the work of Vladinmop, as this is
the core story analysis methodology used for the development of stesnsgescribed
later. The methodology used in his, and this, work is heavily reliatiteoform of story
which concerns a herol/villain struggle. This type of story ismonly found in fantasy,
comic books, action stories, and also computer games, with an emphaseés pot tas
action. This work is meant to facilitate the telling of thgpetyof story in a more
interactive way than it is at present, using the medium of comgatees; however, it is
not meant to directly facilitate a more emotionally focusedyadter-driven, type of
story. The Aristotelian concept of a story asimitation of persons acting and doing
central to this work, rather than a depiction of the charactersti@ral states that is
found in modern stories, notably novels and movies. Stories can depict eno@onay
that puts the importance of the emotional content of the whole storg alewemotions

of its individual characters.
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2.2. Aristotle and Pre-Modern Analysis

The earliest of the past masters is Aristotle, whose ‘Po¢Acstotle, 50BC] is a
valuable source of analytical tools for modern interactive stéeyselThe best known of
these tools is the dramatic arc, shown in Figure 2.1, which shows¢hand fall of the
audience’s tension over the course of the story. There are segas of the drama, but

the shape of the arc is quite variable.

a. Exposition

b. Inciting incident
c. Rising action

d ) d. Crisis

e. Climax

= b g f. Falling action

<«— Complication —»

g. Denouement

> Time

Y

Figure 2.1: The Dramatic Arc

Aristotle also defined six levels at which storytelling takémce. These are, in
order of importancePlot, Character, Thought, Diction, Song, and SpectaclePlot
deals with the incidents and the order that they occur. Charatteipptly concerns the
moral nature of the agents of the plot. Thought is when ‘somethingusgto be or not
to be’ — everything that is asserted. Diction is the words orartbdi are used to convey
the story. Whether any songs are present in a modern story tenddepéedent on
genre, yet, where they exist, can serve the purpose of the ‘pilay \& play’, or to
emphasise a certain incident or character trait in the stumgteimes from a new point of
view. This 'song’ layer is sometimes referred to as thiefpatayer, and this represents a
correspondence between layers in their structural features. wheis a literal song
appears in a story it will correspond to themes or plot functiomsvebre in the story.
This mechanism can be applied to different levels of the storytterpa visual event, or
a subplot device, around a basic element of the story. Spectaclstsmfsihe visual

appearance of the world of the story, emphasising events and componeats thsual,
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whether the set in a play, purely descriptive passages in d, rmvgraphics in a

computer game.

Aristotle presages many later theorists in his analysiplaf He introduces
concepts such as the importance of causality, the reversaitahd¢, and the singularity
of the plot. These are important structural features, but the erapsasi the plot as an
organic whole, where every feature is related and a requireawrets that every feature
be present only if its absence would upset the integrity of the platvehole. Although
his work was applied to very distinct genres of play and poetry ndeaith rhythm and
meter as well as structural elements, it can still be appienodern forms of storytelling
on computer. One central feature of 'Poetics' is the treatmeat haro's morality.
Superior morality is revealed by the hero's action, and must bestsmmswith the
personality of the hero, being either necessary or probable baseev@uprevents. This
indicates a fundamental tension Dbetween Aristotelian dramaias-aeind the
interactivity inherent in computer games, where the player ctegirhas the choice to act
as they wish. An Aristotelian drama is always geared towadenouement, the elegant
conclusion of the plot, which also works in opposition to the freedom of clobiee
character in the story. This is the basic problem encountered by tbssarchers and
practitioners currently attempting to present truly interaactm@mputer-mediated stories,

what is called in this work istory.

Although 'Poetics' gives us much insight and analytical toolstéoy snalysis,
the work of many others has built on this foundation. The variety oftstiimg media in
modern times means that it is hard to form a cohesive thesdréamework that makes
sense across storytelling in all media. The frameworks thaierthe most sense across
all existing media will be the most likely to be useful in new media.

2.2.1. Goethe

During the Renaissance, classical Greek thinkers, through Agabrces, began

to have a profound affect on European culture. Aristotle’'s conceptsnodsis (from
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Latin imitatio) and catharsis were popular in literary criticism, yet apw paradigms
were, on the whole, unscientific and Romantic. With Déscartes andnéet of the
enlightenment, and as the classical view of the world was grgdudlaced, a new
science began to evolve based on empirical methods. Narratology tiegome under
the new microscopes, and a number of authors did great work in pushinglthe f
forward. Goethe’s enthusiastic analysis of natural phenomena,nfiterarks, and
cultural productions in general, was based on a conception of all thisafsangle point
of view. Goethe saw a natural beauty in the best of human productionsocna
morphological approach that unites structures found there with thetusers he saw in
his biological studies. He identified five types of structuramnelets in stories (originally
in 1797) [Goethe, 1983], and three worlds in which the action takes place:

Structural Elements

1. Progressive elements which promote the progress of the action.
Retrogressive elements which divert action away from its goal.
Retarding elements which delay or prolong the action.

Retrospective elements which incorporate previous events into the action.

a bk~ 0N

Prospective elements which anticipate events which are to happerhaf

action.

Worlds

1. The physical world: the immediate world of the characters,tlaachatural
world surrounding them.
2. The world of the mind: the internal states of the characters.

3. The world of fantasies, premonitions, apparitions, chance, and fate.

Goethe mentions that contemporary writers cannot easily finditsuéstfor the
ancients' miraculous creatures, gods, oracles and soothsayers, taeptipelléantasy
world. These characters seem to occupy a special place inteBtogy which has
preserved them despite their incongruence in a science-drenchei quith as ours.
This is due to the deep symbolism that resides in their qualittesh paradoxically has

found new means of expression in science-fiction storyworlds. Tiggss of characters
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are anthropomorphisations of unconscious drives in the human psyche,atioevbiat
came with the application of scientific methods to the studyhefhiuman psyche, by

Freud, Jung, and others.
2.3. Empirical Methods

In the 19" century, the anthropologist Adolf Bastian travelled the globe
encountering many primitive folk traditions, and developed an ideahwiaccalled 'the
psychic unity of mankind'. Some of his works from the 1860's have bewstatesd from
the German by Koepping and are found in [Koepping, 1983]. Bastian believeithéha
wellspring of folklore and culture found in the tribes he investiyatas the same as that
which inspires the development of more complex societies such a®ritesmporary
European world. He analysed the rituals and stories of various SowthcAm Asian
and African cultures and found many motifs and ideas that asergraround the world,
and came to the conclusion that all mankind shares a common psydteeumahat
inspires the many and varied artefacts of culture, which becappent in common

structural features and devices.

Bastian's work was itself based on previous anthropological work, stich a
Humboldt's and Herder's, and its foundations were in the gatheringvoflata from
cultures different from their own, and the forming of a scienceaf,a 'social physics'
[ibid]. Bastian thought that the basis of such a study should baaysis of popular folk
ideas agatterns of thought as they are acquired in the collective represamgadi man
as social animal These folk ideas ranged from the use of the bow and other hunting
weapons, to the development of primitive religious concepts. Bastigpisach reflects
the increasingly scientific approach being applied to folklore @ditive artefacts of
culture. The evolution of ideas and myths from their situated intenactwith
communities and their environments was a dynamic that was baseahom'® theories
of evolution. Moreover, it is well known that motifs and plots of aololiterary work,
including Shakespeare's plays and Wagner's Operas, have souatkisia.fFolklore by
its very nature is not authored, but is formed gradually through huomamgnication by

storytelling, ritual and everyday ceremony, and religious practice.
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At the end of the ®century, Veselovskij in Russia was working on categorising
Russian folktales according to their motifs — their simplestatige units [Veselovskij
1913]. Aleksandr Afanas'ev created a comprehensive index of allaRuksktales
[Afanas'ev 1976] (originally published 1855-1866). The Formalist schoanbegbuild
on these, and other works using evolutionist ideas from Germany andn&ngnd
Schlovskij noted the irrelevance of studying the genetic originghe tale without
studying the form of the tale [Schlovskij 1965]. The Formalists, keweare thought to
have reduced their subjects to pure form, ignoring the content anddlreadrthe tales
they analysed, and the term ‘formalist’ was originally assigo the group as a derisory
term by contemporary critics such as Bakhtin and Medvedev [Medvedev. 11828]
actuality, the individuals who made up the group took a range of diffstantes
towards the importance of form, and one individual who is often catedoas a
formalist was not, although contemporary with it, part of thesugr This was Vladimir
Propp, who took an approach that abstracted certain forms from theatawat yet this
abstraction was rooted in the specific content of the taletudeed, and emerged from

his thorough research of the content of each tale.

2.4. Propp

In 1907, Saussure began an approach to the study of language thatewas la
linked to the inspiration of the structuralist movement, which algmtbthe field of
semiotics [Saussure 1916]. Linguistic structuralism maintaihatl the meaning of a
piece of language was derived from the relationships betweenditts of a sentence
rather than the individual words themselves. At its most basic, léwelcan be seen in
devices such as binary oppositions. For example, the word 'heavy' lasaming in
itself without the concept of 'light'. This is usually noted as steting point of
structuralism, but the application of linguistic devices to the stfidiyerature and stories
did not begin straight away. The Formalist group in Moscow in the $3@ 20’s was
concerned with the rigorous analysis of cultural output using stcemethods. Roman
Jakobson, a founding member of the Formalists, was influenced by thesakissure,

11
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and developed a strain of literary structuralism that wasdbasethe view that the
structures behind the work are important, and not the specific subjeth® work
[Jakobson 1966]. He provided a link with the general ideas developed Rygssgan and
Czechoslovakian contemporaries with the Parisian group who laterthetsmilarity of
the approach to Saussure's linguistic methods [Levi-Strauss 1984]. Jakasstamiliar
with Propp's work and although it was not translated until later, thasea lot of cross-
breeding of paradigms within the European scene, so it is not@asyne to a definite
lineage of the ideas behind the bold new theoretical literary mowsrtigat emerged at

this time.

Vladimir Propp's 'Morphology of the Folktale', published in Russiat®®y/ and
translated to english in 1968 [Propp 1968], is often seen as merehtraduction to
scientific story analysis, yet adaptations and so-called imprents to his work often
fail to provide the intuitively satisfying, and scientificatigorous results of this seminal
work. Although Propp was loosely affiliated with the Formalists,rhethods did not
deal in loose abstractions, as was their norm. They seem to have simplifectsstdojhe
point where many of the intricacies were lost in the analgssEagleton notes in
[Eagleton 1996]. He used the term ‘morphology’ to describe his worth@rstructural
analysis of Russian folktales, inspired by Goethe's use ofetne in the search for
universal organic structures and formations in all life and culHeereated the material
with a rigorous approach that was based entirely on detailedvabeas of a large
corpus of folktales, including different versions of the same.tdleis approach was less
constraining on the material than the formalists', in my viewhastructures that were
imposed on the material were directly derived from the studthefmaterial itself,
instead of imposed from outside with only cursory attention to thacappity of the
structural analysis to the material.

Propp's treatment centred on the use of the ‘character functiotiieabasic
building block of the tale. He defined the character function asatrof character,
defined from the point of view of its significance for the coursehef action". His

astonishing observation was that of the hundreds of tales he analyseusested only
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of selections from a definitive list of character functions suwht, twhen all were
enumerated in the proper order, a single ‘complete’ story would 8eHdd discovery
led him to the conclusion that all plots shared a basic stru¢aumgllate. With a simile
using biology, | liken this phenomenon to the similarity of all vedtds, which all share
the same general skeletal template, with some structutatdsasuch as tails or wings,
missing, present, or accentuated in specific examples, and an eratiesg of different
permutations present in nature. The biological metaphor is importatitas Propp
disagreed with the formalists on the method of completely akisfyabe structures from
the material they exist in, he maintained that the skeletal structuitsdseate lifeless and
useless without concrete foundation in the real, fleshed out and devewth the names,

motivations, and identities of the characters and their environments.

Propp also worked with the assertion that a character functiodependent of
the character that performs it. Certain character functienseat to certain defined roles,
yet these roles can be carried out by a number of differentatbexaand characters can
carry out a number of different roles. Assuming that thisus suddenly opens up an
avenue of progress for the field of istory telling. The characind the plot form the two
most important parts of a story, and have a symbiotic relationisip must be
maintained, yet characters can be interchanged, so long dsdkisiot interfere with the
plausibility and suitability of the plot. | would think that this vemyerchangeability is a
trait of stories that helps them endure in human consciousness. bhacaisse of the fact
that if an audience can witness a story, and see how the evamtstoethemselves, or
people they know, the story has more powerful resonances with thenentdhw®s more

successfully.

Below is a table which shows the character roles that carkée by a character
in Propp’s morphology (Figure 2.2). The Hero can be classifiedSeeker Hero, or a
Victim Hero. The Villain may not be present, and in this caskck', some requirement
of a character, is used as the reason for the Hero's quesadimsta 'villainy' event. The
Mediator character informs the hero of information that is requoddrther the story.

The Donor provides the hero with a magic object for use in the questha Helper

13
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helps the hero overcome obstacles in his path. The Princess dara faimber of
functions but is primarily the hero's final reward, and the FalseEln be involved near

the end of the tale to make false claims about the Hero and the Hero's deeds.

Character

Roles Hero | Villain | Mediator] Donor | Helper| PrincessFalseHera

Figure 2.2: Propp’s Roles

Characters can take one of these roles in carrying out one fhfritt@ns from
the five groups of functions: Preparation, Complication, Transferertceggte, and
Return. There are 31 specific types of function, each with diffesubtypes. There will
be a detailed description of the different types of function in tegidh section of this
thesis (section 4.3.1), along with design decisions that were talarable the functions
to be incorporated into OPIATE.

Propp also developed the powerful concept of a ‘move’ of a story. Althbisg
definitive list of character functions, told from start to finiSorm a coherent plot in
themselves, a single list can be called a move if it forregbsection of a longer story.
The story as a whole is composed of a number of these moves, and carioastive
elements and motivations [Propp 1968]. One of the stories detailedwotkisoncerned
two brothers who initially share the same move, then each havewredistinct moves
that intertwine in their telling, until at the end one of the bnathiefeats the villain who
had consumed the other, and rescues him. The moves can be combined invaygus
end to end, intertwined, or parallel. Propp noted that the flexilitizis concept means
that his morphology can be applied to many different genres, including mythic forans, a
the epic form, where a number of heroes experience their own jouraléghately
aiding each other’s efforts and going on their own quests. If a mawarés a specific
hero, then the other heroes of the story can perform in the other roles the move requires.

14



Story Analysis

Some of Propp’s later works, translated to english and compiled inTheery
and History of Folklore’[Propp 1984], demonstrate his understanding ofaBastwork,
yet Propp rejects the idea of psychic unity for a more histiogixplanation underpinning
the similarity of folk concepts around the globe. Propp builds on his avliereconcepts
of structure and shows how the evolution of folk ideas, including sondl, taies, and
dance, is a constant and extremely complex process that restitts proliferation of
certain forms and motifs much like how organic creatures evolveettgnised that
myth and folklore share structural elements. As he says, "ty sff such ancient
works of literature as the Egyptian book of the dead, the myth of Gilgamesh, theomyths
ancient Greece, classical tragedy and comedy etc., is indigpehsathe folklorist. All
this is not folklore, pure and simple; it is reflected and redichédlklore"[ibid]. He also
identified similar relationships between folklore and religion, fokkland literature, and

folklore and ritual, depicted in Figure 2.3.

[ Ritual Folklore ]4_’[ Literature

4 7y

[ Myth ——b[ Religion ]

Figure 2.3: Relationships between Types of Cultural Output

The relationship between folklore and literature is more tenuoug)eas two
forms of expression differ in their usage by lower and highessely and tend not to
interact in highly hierarchical societies, yet the flowidéas is not exclusively from
folklore to literature, which is the more common. The realm of Fidls seems to be the
domain of otherwise lost concepts from other areas of human siprethat enable
concepts to mutate and cross-breed so that the most hardy anduiiséfilpreserved to
occur later, possibly in different forms to their original marn#gsens. There are certain
distinctions, such as the presence of literature on one side of &l&lwd ritual and myth
on the other. Folklore is intermediate to these. The above discussioy iswn
paraphrasing of Propp's analysis in [ibid]. There does not seemaissence in this
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exchange for everyday activities, the proliferation of ideas abouydase life and how
the folk concerned actually live out their lives. Propp notes thath® Russian folktale
there is not a single credible plot", and although elementsesf/@ay things appear in
folktales, they are always background elements. Ritual seebsstiee most basic source
in this scheme, and Propp notes the similarity of his morphologiddalelstructure to
temporal sequences in ancient initiation and death rituals. The ptontehe tale
primarily as action and movement is central, as "the journdyeistis of the tale". This

is present in stories as a symbol of spiritual growth.

Propp was a firm Marxist, and believed that cultural products were inspirte b
people's 'modes of production'. The modes of production of folk art are bastu
everyday life of the peasant, and folktales are usually aboomflict or struggle, which
is seeded "in the peasants' constant struggle against tyramayiaafs kinds". Although
everyday means of production such as agriculture can be found ds mdsles, the
basic structural template of the Russian tale seems to beamenéed towards hunting
rituals and male initiation rituals from ancient times. In d¢lassification of tales, Propp
maintains his scientific rigour and agrues that previous dleatsiin schemes based on
motifs and themes do not prove useful. He argues that because,fgie@xa motif such
as a castle can be found in many distinct types of talasésas a classification system,
where tales with references to castles would be distinguisbedthose without, are not
useful. He maintains that a classification should be made onw#aufeatures using the

following criteria:

The presence or absence of a feature.
The varieties of a feature.

Mutually exclusive features.

His classification system, taking the character functiomagléfining element of
the tale, demonstrates remarkable consistency across his corfalespfand has been
applied to a number of other domains such as Vietnamese, Japanese,riead Af
folktales and various Myths. The fact that Propp has been so induenéians that
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modern stories, told on modern media, can often be composed based on ctatepts t
derive partly from Propp's work, such as the Hero's Journeypraived by Joseph
Campbell [Campbell 1949], and Alan Dundes's work in folklore [Dundes 1969]. ithus,
can be argued that Propp's scheme is not useful for analysis ofnetdees, whose
authors are aware of his work, and can choose whether to fit tictustis of their stories
around it or not. The use of Propp's work in the creation of storiesriently just as
prevalent as its use in the analysis of them, as it istangnost folklore studies courses

and a number of writing courses [UEA web].

2.5. Structuralism

Claude Levi-Strauss developed his structuralist analysis of Metinoing
Bastian's assertion that the Myths found in many and diverse nailugres share
different structural elements. He defined the 'mytheme’ asleanentary unit of myth
[Levi-Strauss 1969], yet his use of the term ranges from descntotifs and symbols to
structural elements. He did not deal with plot as a tempotaitste, but saw the myth as
a system of interrelated mythemes. His analysis was neinpgical as Propp's, and he
uses abstract concepts, such as binary oppositions, which are rentimédormalist
concepts. Levi-Strauss noted that Propp's work used many methoti tingists were
later developed independently by the French structuralists Btesitss 1968], and
although he admitted that Propp was pre-eminent in the field of folklmdies, he
denied that his work has any relevance outside Russian folktalesaanadt be applied

to myth and other forms of story.

Algirdas Greimas agreed with Levi-Strauss [Greimas 1966)Jdutathan Culler
noted that Levi-Strauss's and Greimas's objection to Propp wédethais 'too empirical’
and yet "their own analyses seem to progress without giving atificatsons” [Culler
1975]. Previously, Jakobson's analyses had been along similar likieg, $&ructural,
syntactic, and other types of elements and finding parallels betiesn that he
interprets as thematic patterns [Culler 1975]. Even given that faétns do exist, the
practice of grouping elements from different levels of theatiae is not justifiable in a
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rigorous classification system, and is not useful in finding stratelements common to
a wide range of examples. As Propp says, "theme is applitabdernonograph on one

plot, but it is inapplicable for scholarly classification" [Propp 1984].

Roland Barthes, one of the most celebrated proponents of structuragtishes
structuralism to narrative with a view to finding abstractmieavorks to apply to
narratives in general [Barthes 1957]. He used ¢wees or "voices of which the text is

woven":

Proairetic - concerning the construction of the plot.

Hermeneutic - the asking and answering of questions, creating suspense.
Semic - concerning characters.

Symbolic - the thematic use of symbols.

Referential — referring to material inside and outside of the text.

These are most reminiscent of Aristotle's levels, yet the inclusion offérengal
code reflects the structuralist emphasis on meaning that is eddoyweference instead
of innately. Barthes' approach is, in general, deductive. He "proteads hypothetical
model of description” to see which narratives "conform to and dépant this model”.
He recognises the need to work on different linguistic levahsl assumes that the
construction of a sentence is analogous to the higher level constrofctigriot. Here he
acknowledges Propp's work, and admits that Propp uniquely maintainee rtigzral

structure in the plot was important [Barthes 1993].

Structuralism at its most extreme maintains that individual nupesonalities
are not the source of language and literature, but vice versamfon 'mind' that we
cannot directly perceive and of which we are all but a part, directs the devatagoer
ideas, which are not the source of our language, but the resultTdfeitCzech school
developed many of the ideas behind empirical structuralsm thatolatlis notion
[Hajicova et al 1996], but as Levi-Strauss put it, "the mind which dbbékis thinking is
not that of the individual subject: myths think themselves through people, rather than vic
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versa". Although controversial, and even if it is not grounded in re#tity idea is very
compelling to myself as an Al researcher, and it is thisegnwhich may help to allow
an istory system to be developed, where an Al agent can strictplat within an

interactive storyworld, taking the role of this 'myth mind'.

2.5.1. Post-Structuralism

Post-structuralism is an umbrella term that refers to the developmentit¢ianar
of criticism. Up until and including the structuralist movementrditg criticism was
rooted in the comparative analysis of literature itself, aticbagh the academic tradition
of acknowledging and upholding previous theoretical works was adherdte raw
material was the primary subject of enquiry. The structural®tement gave way to a
number of reactionary movements, including deconstruction, pragmatisnereartics,
and reception theory. The questions of the older traditions wereceeplaith new
guestions that seemed not to enquire about the actual content of theibtexstudied.
Todorov notes [Todorov 1988] that the method of structuralism and the asddoedd
of semiotics were concerned with the question 'what does this mBa&g®@nstruction
simply answers 'nothing’, pragmatism 'whatever you want it @nimand hermeneutics
and reception theory are more concerned with audience reaction than autharial inte

It seems to me, although | have necessarily afforded this cersplgect limited
research, that the modern empirical analysis that has takeniphaery much focused on
individual works, and progress in classification and useful abstragsovery limited.
Modern critics are generally aware of all the methods at tisposal, yet are very
individual and subjective in their approaches. Although there is mwblderation of
post-structuralist dogmas in serious philosophy, the deconstructideess bf Derrida
and his followers still garner a popular following [Eagleton 1996housd note here that
although my own approach neccessitates the use of formal alostsaati cultural
analysis, there are many examples of more subjective methae wsefulness in their

own fields is in no way meant to be diminished by my dimissive treatment here.
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Although Carl Jung's discussion of the origin of stories from a p$ygical
point of view is not a direct focus of this work, it must be mentioneé. h&ung's
Archetypeswere based on an analysis of hallucinations and dreams fropoitieof
view of unconscious psychological drives. H®iadow Self and Anima/Animusare
psychological conceptions of the forces at work in our common quest fgrwith our
own unconscious selves [Jung 1991] (originally published in 1953). The use of
storytelling and ritual to aid the quest for self-knowledge that hitsnahares, has been
fundamental to the development of individuals, and serves a double purpasahitity
to elucidate ethical and moral themes for new generations. Junedatitat the character
of a 'damsel in distress' represented the Anima - the view ainttenscious self, and the
Shadow as those forces in an individual's psyche which prevent the atdnefran
individual with their own unconscious. Northrop Frye viewed mythologiesamas
expression of this deep struggle, and conceptualised the tension beuie®re and
mythology as a conflict between a society's freedom and soaetytern [Frye 1957],

thus widening the percieved usefulness of storytelling in modern society.

2.6. Stories in Chess

The game of chess has been mastered by IBM's Deep Blue, wsimgds which
evaluate up to 200 million positions per second [IBM web]. Newematieto create Al
chess players incorporate models of strategic thinking, with poditemaysis and
opponent modelling to enable non-brute force methods, and there are also more
believable chess opponents that are programmed to make mistakes somitiites
web]. This does not seem to be relevant to our discussion on story mgpdelt the
game of chess is interesting if you look at each gamesadf-aontained story. Lewis
Carroll admitted that the events in the sequel to ‘Alice’s Atlwees in Wonderland’,
‘Through the Looking glass and what Alice found there' in facesgmted a chess game
in which all the character activities were analogous to aofetalid chess moves
[Gardner 1960]. Carroll's abilities as a logician enabled him &y plith the causal and
logical intricacies of the story world to fulfil a number oftistic objectives

simultaneously.
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The applicability of story analysis to the game of chess isveoy deep.
However, it is relevant and provides an introduction to the next chaptieh deals with
computer games in section 3.2. Each chess piece can be seen excterchaith each
type of piece being a role. There are a large number of pawnheselcan be seen as
playing a relatively unimportant role, protecting other piecescagating inroads. Rooks,
knights and bishops play a more strategic role in constructinksitiaed the queen and
king can be seen as the main protagonists, as well as the hamsyviCharacters can
appear to make choices about whether to be defensive, protect a o#r&ai character,
or sacrifice themselves to obtain a better position for the.t€aking each move at time,
| analysed a ‘fool’'s mate’ game of chess with a view torpmeting the moves as valid
character actions in a story’s plot. | assumed that taking suaieanentary game, in
which two beginners might participate, would result in a somewingple story. Seven
separate pieces move in this game, each assuming a rolestotheThe table below in
Figure 2.4 shows the chess moves and corresponding story everdsntegweted from

them, and Figure 2.5 shows the pieces on the board just before the end.

Chess Moves Story Events

WHITE: KINGPAWN TO D4 A black bird flies out to spy on a small
house in the woods.

A small boy ventures out from the houge
BLACK: KINGPAWN TO D5 o _
to look at the bird in a clearing.

The evil woodsman orders a wolf to
WHITE: QUEENPAWN TO B3 _ _
follow the bird and kidnap the boy.

The boy’s mother leaves the house to fjnd

BLACK: QUEEN TO &
out where the boy has gone.

The woodsman’s henchman, a dark rider,
WHITE: KNIGHT TO F3 _ .
closes on the clearing from the side.
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The boy’s big brother leaves the hous

D

BLACK: BISHOP TO 5 ] ) _
after his mother and notices the rider

WHITE: BISHOP TO 2 The woodsman hides behind a tree.

BLACK: QUEEN TAKES The mother sees another wolf and useg her

magic to make the wolf eat the
CHECKMATE

woodsman, protected by the big brother.

-

Figure 2.4: Chess Moves interpreted as story events, with each character

represented by a chess piece
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Figure 2.5: The Chessboard

What can be seen from this example is that although the pieze®@mmonly

seen as mere markers in a game, they can readily be antlompbised. The game is a

complex system, and because the pieces are assigned nameslitlaée the process, we

can ascribe character intent to them. | have decided to usentieeaj@hess as a way of

demonstrating that game dynamics can be interpreted asya®te rule set of chess and

the chess pieces also are related to the story schemes shibam aticularly Propp’s
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scheme, where each role is limited to its own discrete sé@&inations in the overall

scheme.

There have been studies [Koepping 1983] that show how myths in natiweesult
are used to represent natural and systemic forces astehanaith intents. The first step
in this process is trying to envisage the system from the powiewaf of the component
object, such as the chess piece, so that a subjective vibe gfstem is generated which
informs the anthropomorphisation of that object. Although the ability tourdca chess
game as a story does not mean that chess is storytellingyskem that is chess is
constructed in a way that actively encourages the process giretsion as a story.
Some computer games, such as 'The Sims' by Maxis, have also baeuctehéike this.

The Sims and its creator's work will be discussed in section 3.2.5.

2.7. Conclusions

This chapter has introduced some esoteric (to the average corapigtatist)
areas of study, and thus this section provides an elaboration ofiivdiyras material is
relevant to the creation of an istory system. Because the @P$43tem's purpose is to
allow the creation of coherent and believable stories iniraalwith a human interactor,
a more scientific understanding of the workings of stories asnga@nent of human
culture is desirable, as a means to abstracting some of thdgagsdor implementation

as a computer program.

Aristotle's analyses were seminal and remain the bedrockuadn of the work in
the field, so it was necessary to investigate how his viewplatting and organic
wholeness of a story could be integrated with an istory systeenlayared approach was
instrumental to implementation. The morphological approach of Goetheupdy
influenced Propp and other structuralists’ work, so it had to be meshtiand his 5
elements and 3 worlds model (section 2.2.1) is useful as it ctattigelater work as well
as being a useful categorization technique for segments from Proppihology.
Although Propp uses many more elements, each of them could beledasgt one of
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Goethe's five types. This was not explicitly modelled, but helpgédeinmplementation

of the system. | thought that an elaboration of Propp's origins andrgumt&ries was
necessary, because the uniqueness of his approach and results is sometimesngnored, a
have found many references in the literature which indicatePttogip’'s work has since
been improved, and while this may be so for the purposes of literalyse for my

work in real-time plot generation, Propp's schema was the most useful.

Structuralism's 'myth mind' concept, along with Jung's colleatinconscious-
ness, are both early scientific research into a concept beitele is most important in
Al research in general, and especially in implementing an &tl akltempts to perform
some activity normally seen as creative. This concept i®othatelligence as an artefact
of the workings of a system, applied to systems made up of pdogleas ants exhibit
intelligence at the hive-mind level, and as individual brain ce#sret aware of the
intelligence they exhibit as a group, the idea of de-centradigeigms that exhibit Al is
related to the structuralist view that the structures ofuagg have a defining effect on
concept-forming in individual human beings. Whether there is a humanaisablp
consciousness at this higher level is not important for this esdaut the fact that there
is a certain amount of structure and pattern at this highelr dévbe system — i.e. the
structure of languages themselves - which influences the evolotithe system, means
that the concept could be used in Al research to influence the evoluteopayulation

by varying the communication structures that are available to them.

As will be seen later, the OPIATE system relies on adri¢gvel 'omniscient’
Story Director Al agent which controls lower-level charactersaiway that aims to
portray a story to the user. Further application of the myth-mind atdctve
unconsciousness concepts to Al development relates to future work maktolabhapter
7, specifically section 7.4.6, yet for the most part is outsidedbyesof this thesis and is
mentioned here because it is a natural extension of the OPIp§tEns Also, Jung's
work is mentioned because his Archetypes correspond roughly tdangcter roles in
Propp's morphology, which is an argument for the inclusiveness of '®geme, and

it's applicability to different genres of story.
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Finally, in section 2.6 of this chapter that deals with chess, It@aishow how
stories are not limited to static representations, but camdmded in the definition of a
game system. The naming of pieces, and the differentiation irotee of pieces,
encourages the interpretation of a game system's dynamicstasy.aThis view is my
own, supported by my analysis of computer games in the next chapter.
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3. Modern Background Work

3.1. Introduction

This chapter is a review of some further background that is relévdhis thesis.
The elaboration of the thesis requires some background in three diglidetthat have
exhibited some overlap as the understanding of stories within emnagtive framework
has developed. These fields &#ory Analysiss Computer Games and Artificial
Intelligence, Al. Story analysis has been dealt with in the previous chaphel this
chapter has sections dealing with games (section 3.2) and Ab(s8c3). These precede
a section describing how the three fields intersect in the develdpoh interactive story
systems (section 3.4), with some justifications and general conclusionsiom S5t

3.2. Computer Games

The computer games industry is an environment where the generatesacti
algorithms, and approaches in use have grown based on the evolutionauyegretshe
market. There has been remarkable diversity in the productsabhatbeen developed,
but certain game genres have emerged. All of these genres wamcwporate the
framework of a story to enable more player involvement in the gdine standard
approach is to introduce the main character and establish somelwhacters, and then
introduce either a villain or some task that must be accompliSinedplayer is then put
in control and must overcome the villain or the task. The story etenaa usually
conveyed by either using cinematic 'cut scenes' that are ne@tdiive, or by limiting the
possible options of the player so that these events must takevgthoe the game

environment.

3.2.1. Action Games

No single method for portraying a story has been found to be the ntosisstul,

and one popular genre is almost bereft of one. This genre, thpeissin shooter (FPS)
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draws on a peculiarly masculine instinct to destroy everytinirsight. What stories there
are in these games are necessarily simplistic, becausshadh&cter interactions largely
involve guns. There are a few exceptions, and these tend to be veegsfuktitles.
‘GTA Vice City’, ‘Half-Life’ and ‘Mafia’ all representdifferent approaches to telling an
involving story in an action game environment, where virtual gun-tosirtpe primary

means of interaction with the game.

! . # $ %

Figure 3.1: Action-based story games

It has been argued [Aarseth 1997] that games and stories are futalgme
incompatible. Games such as the three mentioned above show thisatlade Aarseth
views the narrative and game components of such software stlds@ced from one
another, as separate components, but the most successful exantpheegplotnomenon
are to be found when the gameplaying and storytelling are ihteggintegrated, parts
of the same experience. For example, in Half-Life, the contetiteostory itself is not
terribly original (humans inadvertently facilitate alien ineasilone hero fights them
back), but the story is carefully told exclusively through the-pesson perspective and
by giving the player parts of the storyline bit-by-bit. Thilews the player to piece the
storyline together themselves, while also participating in impor&ents instead of

being a passive observer.

It is difficult to achieve and requires a gifted team desigrang building the
game, but the player of a game with a gratifying story ingatpd into the gameplay can
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undergo a certain type of catharsis that is an indicator of thatj@btef this medium for

storytelling. This comes from controlling the protagonist’s actiamsl seemingly their
choices, directly. The inclusion of challenging interactive eldmis a very useful idiom
for storytelling, not seen in other media. The player develops avesteest in the main
character in a way not seen in traditional media. Movies and no@elscreate an
artificial emotional attachment to the main character to ds, thhd the emotional
connection in computer games can be both more and less artifigal. hecause of the
fact that a good actor can always create emotional resomatteg than a computer-
generated animation, but more because the player feels himatactually make a
difference to the unfolding of the story.

All current examples of in-game storylines are pre-scripted,the game world
design and story construction is carefully done in tandem, allovdngédts of story
events to occur independently of each other, yet only allowing tktesee of events to
occur after that group is complete. The new game, 'Half-Lifeuses extremely
sophisticated physics and emotional simulation to give the ptafesling of immersion
in the game world, yet the story was meticulously planned sidede with the
environment to enable a tightly controlled and compelling storyline.\iliiter of the
Half-Life series, Marc Laidlaw, was deeply involved in the gesif the gameplay, as
well as the story, and this is what set the storytelling @s¢hgames apart. He mentions
Edgar Allen Poe’s ‘totality of effect’ as a guiding priple in his work [Laidlaw web].
This concept is related to the idea of the story as an organiewhbich Aristotle
employed. The action elements in computer games are not, in amhEetely separate

element, but are linked to the storytelling in a mutually beneficial way.

3.2.2. Adventure Games

Three members of Lucasarts were instrumental to early sssces the graphic
adventure game genre; Tim Schafer, Ron Gilbert, and Dave Grossmanted@hi's
games were based on the previous text-based adventure games, getptiieal and

verb-based interface added a new level of playability to theeg&he skill with which
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these adventure games tackled the problems of in-game storyteliegy compelling.
Every line of dialogue was pre-written and in the later gamas studio recorded, so the
story had to be carefully constructed so as to make sense ghigh &evel of player
interactivity with the game world. Humour was used expertly teknthe limitations of
the system, and the many useful mechanisms that were develojpegathe flexibility
of the game engine, SCUMM, the use of puzzles that are impdotdhé unfolding of
the story, and strongly differentiated characters with a vadge of responses available,

many of which were multi-purpose.

Written and Programmed by
Tim Schafer, Ron Gilbert
and Dave Grossman
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Figure 3.2: Graphic adventure games

| have found it rare to find another game that tells a stonyedisas these old
Lucasarts adventure games. They exemplify, to me, the skills nectessaliya story as a
dynamic interactive system. With games becoming more compleéxaking longer to
develop, the few game designers who can achieve this are taking tonget their
products to the public. Increasing the level of interactivity arhg worlds also means

that it becomes more of a problem to author consistent and entertaining stories.

Schafer is currently developing a game, 'Psychonauts’, that psotoiseliver a

high level of interactivity and freedom within the storyline. isl@ pioneer in the use of
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programming concepts for story dynamics, using procedural modelenekrsations,
and numerous rule-based approaches that maintain a high level of hurdoatistic
expression [Schafer 2004]. The combination of the skills of programming and stogytell
in this way is quite rare, which is why | believe future edoceti curricula should

encourage it.

3.2.3. Hybrid Games

A large number of extremely successful action-adventure ganmts @&axd game
designers have developed a standard set of techniques that arenigecare prevalent.
These games incorporate elements from both the adventure gente, asuc
characterisation and puzzles, and the action genre, such astesflag combat. The
player character is usually able to attack other charactexssaried array of ways, but
there are also characters that can supply information or prageessory. There is also
usually an inventory of objects or abilities that is acquired, anteaused to effect the
environment, or be used on other characters. This stagdard mechanicés defined
in chapter 1) setup is one that allows the world to be populatedewiities and non-
player characters (NPCs) that react in a scripted wall tthe possible interactions a
player has at his disposal, thereby leading on to new areasilities. In this sort of
environment, stories with a large degree of interactivity can be authored.

An outstanding example of all this is seen in the ‘Zelda’ sdryeblintendo and
Shigeru Miyamoto. Although each game in the series is distinctiveny game
mechanics are common. One is the use of an expansive free-roawangorld,
containing a progression of ever more difficult dungeons. Theee akar difference
between hostile and friendly areas and characters. This patttieagtear moral character
of the player's hero character, because players will seldomiaquegty some NPCs
should be attacked and some not. The Zelda games also featurardawtve interface,
which makes for more immersive play. The combination of techaidalevement and
playability seen in the Zelda series is an enviable achieveimeatgame designer, but

the character Al involved is intentionally kept simplistic to furttiree story. To enable
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true istory in this type of game, however, the NPC Al would htwvebe more
sophisticated, with a model of personality that could enable ckesdct take on either
‘bad guy’ or ‘good guy’ roles, depending on the player interactidiss would

fundamentally effect the morally unambiguous nature of storyteliing game like

Zelda, and points to one of the biggest challenges istory developers face.

In the 'Deus EX' series by lon Storm , and the 'Thief' sdnelLooking Glass
Studios , an approach callethergent storytellingvas developed based on the concept of
a storyworld as a complex system. Emergent storytellindpeatefined as the creation of
a storyworld with enough complexity such that an interactor obsarstsry emerging
from their own interactions with the system, instead of throughtlyigdefined and
scripted events. The Thief games were based in an alternataewveddivorld where the

hero, Garret, is a skilled thief who meddles in the local affairs of politics agit.ma

A theoretical framework based on the interaction of the mechalyicamics, and
aesthetics of the system was used by Looking Glass in tle¢ Jdnies [LeBlanc 2004].
The result of this was that the player was given a set d¢é,garad was allowed to achieve
them in myriad individual ways. Although the long-term story ars wathored as a
series of atmospheric cut-scenes between stages, egehafitaved a relatively large
amount of freedom in the achievement of goals. The freedom ther plagen a stage
was based on the design of the environment maps. Some stages featuredpatirnpht
led inexorably to the goal, but most were broad and allowed multighe,@nd different
tactical approaches could be taken no matter which path was chdseplayer would
interpret their own specific path as an element of the storycanid thus characterise

the protagonist, Garret, in their own way.
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Figure 3.3: Action adventure games with a degree of emergent storytelling

Warren Spector of lon Storm is a game developer that has pidrteerpractice
of storytelling as defining an interaction scheme with a sysf@adman web], and
worked on the Thief series with Looking Glass studios. Due to thstragms of the
game industry, his game concepts do not usually make it fully fantbkeed product, but
an aim in developing Deus Ex was to create an environment that was so figgdread
simulated that a story could emerge based on the player'sctiaesa This is going to
become possible as storyworlds become more complex, and a greabér of

understanding of emergent storytelling develops.

A standard axiom in storytelling, movies, and also in games$iaisaverything
that happens should have relevance to the experience as a wholeeb) tiasnusually
entails a strict delineation between background elements anderdgkenthat are
interactive, that the player becomes aware of as they play.n€w game ‘Fable’ by
Peter Molyneux's Lionhead studios attempts to allow for as magkmpinteraction with
the world as possible, and incorporates the player’'s propensitiesesdback which
makes the world react to every possible act by the playeactka The characters in the
game also remember player actions, and a gossip system &ce& plhich allows the
player's fame as a hero to spread around the world in a dynarmicliva, coupled with
an authored story, gives the player an enhanced level of inomensthe game world.

The choice to design an istory system for this sort of garmeldventail a story
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management system that expands on the feedback mechanism and decigkich
characters to push forward as central characters in the $fofyneux also touts the
game’s flexibility in terms of the player’s ability to plalye game as whatever type of
character they want, in whatever way they want. This is melyeimportant for istory,
and a system that allows the details of how the plot unfolds tdévane to the player’s
assumed character, is highly desirable.

It should be noted that the practise calteah-linear storytellingis not discussed
in this thesis, as it fundamentally remains as tightly conttodled scripted as linear
models, but allowing for controlled choices on the part of the pl&yso. the term non-
linear has different connotations in movie scriptwriter's jargod,thus carries a weight

of confusion when discussing an intersecting field such as istory.

3.2.4. Massively Multiplayer Games

With the enormous growth of the internet, the Massively Multiplaeftine
Game (MMOG) has started to take a hold on players. Beforegtmsgs such as MUDs
(Multi User Dungeons), between a small group of players witivaorged PCs, were a
relatively popular diversion, but these are not the direct predesessthe MMOGs.
Most early MMOGs (Everquest , Ultima Online) were centredhe rule sets of tabletop
RPGs, made famous with the Dungeons & Dragons series. The cactixdlies of
building and developing characters, exploration, and combat, have been tteahsf¢he
new domain. There is one early exception, 'Habitat' by Lucasants1985 (then called
Lucasfilm games). 'Habitat' was the first MMOG ever, whlbusands of concurrent
players within the same gameworld, and a 'post-mortem' anafysgie development of
the society that sprang up in its world [Morningstar and Fatf80] is a fascinating
introduction to the problems encountered by the developers of such a.phsjétabitat
was initially a very free society, some players decided gakvhavoc by causing crime
and disrupting other players' enjoyment. This is a common problem i©@GHV usually
resulting in the offending players' ejection from the game. Wewehe developers at

Lucasarts decided to let some matters be settled in-ganhaving a virtual 'trial' of the
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offender [ibid]. The resulting inclusion of the punishment mechanisma part of the
game experience led to a greater feeling of society ang plagers were very happy

with the results.

This example is a compelling case for allowing players ke &y attitude they
want in the online game world, so long as actions are responded tpraguety. In order
to maintain Habitat, a team of developers had to continuously monitor events and respond
to players' actions, taking the equivalent role of the 'gamesmpkigéer in tabletop
RPGs [ibid]. This is still the normal model, with the notableegtion of the 'Active
Worlds' game, which was bought, and was maintained, by the playenunity after the

company expired.

MMOG gamesmasters have a number of standard mechanismsstoriel. The
designers first create an extensive back-story, with a viealldwing the thousands of
players to each discover story threads according to their own choites game. The
currently active gameworlds in 'City of Heroes' and 'StardMGalaxies' take this
model, with myriad possible areas and NPCs for players to expforeommon
mechanism is for players to talk to NPCs to receive quests,thét quests not having
any influence on the overall story arc. This is a problem tbaldcbe rectified with a
more in-depth simulation of the NPC society, whereby the outadnpéayer activities
could have long lasting effects on the overall story arc thagdmeesmasters author.
Massively multiplayer games is an extremely complex afedevelopment and study,
and although | will later put forward a case for the possible usefalof a system like
OPIATE in such an environment, the complex theory and practise of GBVI® for the

most part outside the scope of this thesis.

3.2.5. Simulation Games

The creation of content for computer games has become a bottlendick
development time of new titles, and a new approach is being touted a&y forward,;

automatic generation of content [Carmack 2004]. This will not cbrafispurely
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generational, but derivational algorithms, which work with a librafypreviously
designed elements, and create new variations on them. The use&déware is
becoming a more popular way of increasing a game’s appeal, \anoki$ physics
engine in widespread use in current and next-generation gameswsgebavok.com),
and systems such the SpeedTree’s flora-generating engineggacceptance. The
conception that every object need not be placed in a level bygneeut is part of the
game system, evolved using a software model, enables the crettiargey, more
complex worlds. Work in fractally generated landscapes [Mandell®@2] shows how
extremely complex geography can be stored in relatively sitesl] and generated when
required. Mandelbrot's work has been dramatically extended by MusgravergMesnd
Mandelbrot 1992] to create whole simulated planets that have lyagtalerated clouds,
landscapes, water, and more (Figure 3.4). | think that automatgefigrated content
coupled with simulated game worlds will enable players to delice experiences of
heretofore impossible interactivity.

The simulation of various systems in games has been pioneeredI|By/Nght
and Maxis studios. Wright is a game developer who regularly agmpsimulation
methods to great success in his games, such as SimCity, SiBiAEarth, and The
Sims. SimCity and SimEarth used layered cellular automata mnepliations, where each
layer had feedback loops between the layers above and below it,Opasieaple rules of
interaction [Wright 2003]. Early simulation methods, such as Conwayfe
implementation, inspired this paradigm. Wright based the rulesrikath on the theory
of Gaia, developed by James Lovelock [Lovelock 1987], with interlockewgsmhere,
hydrosphere, atmosphere, and biosphere models. The rules of Sim€ibased on
simple economic and social models, yet each time the gamayedplthe outcome is
completely different. An example was shown in Wright's GDC 200&iiedWright
2003], with the relationship between crime, land value, and population. A common
objective in simulated game systems is balance, with desigtibbeéum achieved when

opposing forces are mediated by manipulating variables of the system.
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Figure 3.4: Generation & Simulation

With The Sims, the most successful PC game ever, Wright usedkHii in
simulation to model human interaction using a remarkably simpl@ehof desire and
gratification. All the objects in the gameworld contain informatibowut what desires
and needs they gratify, and each character has a dynamfmseids and desires. Wright
is clear on the fact that his model does not facilitate aotare storytelling, but that the
players can interpret the system dynamics as storieeddgmises the intrinsically linear
nature of stories, compared with the open-ended experience inghlaitim simulated

systems.

Wright's definition of emergence is one of the clearest andiirglyitsatisfying |
have come across, show in Figure 3.5 below. Emergence occurs wbhemplex system
gives rise to a perceived pattern at a higher level than the olithe system operate at.
The higher-level system operates with its own rules and patteahsire implicit in the
definition of the lower-level system, yet are not explicitly mtzdkin the system, and

can thus sometimes give rise to unpredictable behaviour.
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Figure 3.5: Taken from Will Wright's GDC 2003 presentation

It has been postulated that defining the rules of a simulatg@nsycan be a
medium for artistic expression [Musgrave 1995]. The implementatiorenoérgent
simulated stories will entail the simulation of a systemt tdaes not yet have
corresponding scientific laws, as physics or even socialceido, as these story systems
seem to exist only as static representations — a novel don@e, rather than processes.
However, the literary structuralists have provided a starting pairihe development of
such a set of rules, and some game designers have implemem¢aassy®t with an eye
towards the traditional modelling of reality, but modelling a eystthat provides
interaction that is interpreted as dramatic. In the Thigksetooking Glass studios
developed a set of rules of behaviour that resulted in dramatic ensuwitier guards
and other characters. This was an example of the design of d sschanics that
resulted in emergent dynamics, which itself resulted in dramaasthetics. For the sake
of example, | have reproduced below a story told by a playerideg his interpretation
of one of the missions in Thief (Figure 3.6). This is one of manyféina have posted on

the www.ttlg.com (through the looking glass) internet message board.
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Figure 3.6: An Aesthetic interpretation of the mechanics and dynamics dthief 2
A set of mechanics which result in an aesthetically pleasimgrgent storyline

has not yet been designed, but | believe the use of plot-level siomuiata simulated
game world could result in the emergence of unauthored storieghidgehat | would
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note in this is that through the process of choosing the ruleseohanics of such a
system, the type and nature of the resulting story is influencesl siibivs that there will
not be any single 'law' of story simulation that is acceptettue, as there are as many
types of storytelling as there are people to tell them. Thasnay see a set of rules and
dynamics that result in a type of action-cop-adventure story, difteeent set that result
in the emergence of dramatically satisfying romance stories.

Some successful games storytellers have used the conceppufgkdes player
character the focus of the story [Schafer 2004], [Laidlaw we}sTin creating stories
for players, every character in a large gameworld need nairistantly simulated, as the
focus of the story is on the player character(s). The NP@cteas that are not engaged
in the current situation of the hero need not be involved, so the simulaigsrshould be
dynamically applied to the relevant NPCs. In the Ultimaeseof RPGs, Origin studios
developed a mechanism for making animals and NPC charactersnseereal, by
flagging certain entities as natural enemies, so when thergageuntered them, they
started attacking each other, making the game world seemtlikadi an existence
independent of the player. This approach could be extended for anggsbeyn so that
the plot-level simulation works on a higher layer than the basildwonulation, and its
focus follows the movement of the player character around the waorddtracks the
currently important NPCs. The use of paradigms from Al rekaarmstrumental in the

development of such an adaptive, focused, simulated story system.

3.3. Atrtificial Intelligence

GOFAI, or ‘good old-fashioned Al', has been developed in the past few eecad
as a means of solving certain defined problems. The travelliagnsan problem is one
classic example, where an optimal route between a setes iStcalculated such that the
route does not cover previous paths taken. Scheduling problems, informagdndfjlt
planning, classification, and pattern-matching are other areaddhatbeen addressed.
Different techniques have developed for each type of problemichatiheural networks
(ANNSs) have been found to be good at pattern recognition, and gelgetithans (GAs)
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are good at finding near-optimal search solutions efficientlypbogress has been slow
in developing a system that tailors its approach to dynamic, -gatiain problems

automatically.

One of the difficulties involved in building an Al which works in an atest is
seen to require creativity, lies in the nature of creative thinkihg ability to transform
and apply diverse types of solutions from areas that may not imelgdi® obvious to
new problems is a feature of human creative thinking [Wiggins 200ibjeSrogress in
analogical reasoning has been made in Maynooth College [Crean, 2002h could
enable an Al to match certain structural features between pratdenains, allowing it to
apply solutions that are relevant to a previously unseen problem domare. dreea
number of research programs with the goal of producing artifggaeral intelligence
(AGI), notably the Novamente project [Goertzel et al 2003], the @hdject [Stork et al
1998], and others. It has been recognised that to create an AGI setiigreise of a
complex architecture that incorporates a hybrid of the GOE#irtiques, allowing it to
apply appropriate problem-solving techniques to different problem donTdiisssection
will be a description of how different strands of Al researehagplicable to the general
set of problems relevant in story generation and presentation usintifiaralasimulation

of intelligence.

3.3.1. Rule-Based Al and Expert Systems

An early method of implementing systems that appear intelligastsimply the
use of a set of logical rules that encode the knowledge that a huper would use in a
particular domain. Although limited, and little substantial new msghas been made
recently, their efficiency means that rule-based systeenstdirin use in a wide range of
domains such as help desks [Barr and Rewari 1995], medical diagBesref 1998],
and crop management [Rafea 1991]. Some domains, where the expert knapleldese
to the whole problem space, are appropriate for a rule-basedaabpidew knowledge
can be extracted from the system in one of two ways, fdrelaaining and backward-

chaining. In forward-chaining, a set of assertions is given toysters, and the rules are
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applied until the system concludes with any logical results, wiit@ckward-chaining, a
set of assertions are given to the system, and the requirenmatts)ust be present for

those assertions to be true, are output as the result.

Although rule-based systems cannot learn, it has been shown [CravgrHE96
more advanced Al methods tlen learn can be trained and then the state of that Al can
be re-composed as a rule set to optimise efficiency. The théé¢sare thus generated
solve the same problems that the Al has learnt to deal with lmsedperience, yet
perform much better in real-time applications. Rule based systemsost useful when
combined with other Al paradigms, and this can be done using many possibl

architectures, for example in [Holland 1986].

3.3.2. Using GAs, ANNs, and CBR

The biologically inspired Al paradigms of genetic algorithr®A$), artificial
neural networks (ANNSs), and case-based reasoning (CBR) areatiespg@proaches to
problem-solving, each allowing learning and adaptation. They respgatwmekspond to
the human cognitive activities of trial-and-error, pattern-matshand memory-based
reasoning. They all conceptualise a problem space as an N-thnmednset of variable
features, with problem descriptors occupying a single point irsfiate. The problem is
input to the system, and a solution to the problem is the output odystem. An
evaluation of the new solution can be fed back into the systemilitatadearning. This
mechanism requires feedback on the success of the solution so thainsotan be
evaluated. The most common datasets require classificationossluéind the Al can be
trained in a supervised way based on user feedback, or in an unsuperyised that it
decides which solutions are correct based on a heuristic whichlcislated based on

some user-defined equations.
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Figure 3.7: A General Al Problem space & a Learning mechanism

In Figure 3.7, we see a problem descriptor, P, in 2-dimensional propkers,s
which contains 3 clusters that represent classifications of préyiarountered
problems, A, B, and C. P is closest to the centre of cluster C)dsast to the edge of
cluster A. This is the sort of problem that Al researcherstake diverse, domain-
specific approaches to, and there is a parallel between thAMsyptems are developed
to account for them, and the way commercial computer games atepgkziieThe use of
experimentation and an organic design process, where design and imptemeaite
done in alternating, or parallel, sequences [Carter 2001], is cortorlooth. There are
strategies, yet for the most part, there are not defined @y that are common across
a large range of problem domains. Therefore research in iattileneral intelligence
(AGI) is attempting to find ways of abstracting general methaggies that can transfer

across domains [Goertzel 2003].

A problem with using Al for solving problems requiring creativigy that of
encoding a heuristic which can evaluate solutions for the domain. dursalve
problems creatively using complex internal models of the problem domarking on a
number of levels simultaneously to achieve a solution that balarex®g mequirements.
The requirements inherent in storytelling mean that all individakitisns (plots) are
usable in some particular context (theme and setting) of the prdplaaucing a plot
and enacting it). In this domain, case based reasoning is a cduwde for plot
composition, as all the cases in the case library remainabigiland instead of

generalising over the whole problem space, solutions caech#ad that fit the context,
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enabling the operation of the Al in a dynamic problem space. Sectiaf th& thesis
will show how the OPIATE system's case-based component performs these tasks.

GAs and ANNs can 'overfit' to areas of their problem spadetiiey are most
familiar with, meaning that when new problem contexts are predethe Al may get
stuck trying to use inappropriate solutions, although there are msgisato avoid this.
However, CBR is a better choice for the domain, as | belienspresents solutions in a
way that is conducive to the representation of story plots. Thhedause CBR allows
local adaptation in a way reminiscent to that done by oral sttemyd, where a story can
be minimally altered by the narrator to allow for audienceepesices, while preserving

the structural and tonal quality of the story.

3.3.3. Case Based Reasoning

Case-based reasoning is a newer paradigm than GAs and ANNsas/éast
become as well-known and well-regarded. Initially introduced by r8cf#chank 1982],
there is now a wide range of problem domains CBR is used in, moshanly help-
desks and decision support [Bergmann et al 2003]. A case librarg\wbus problems is
stored and used to solve new problems, mimicking human psychological models [Tulving
1977] of memory-based problem-solving. A demonstrated advantage of CBRtbee
methods is the efficiency of solving problems identical to, milar to, those that have
previously been encountered [Watson 1994]. The design of a CBR system consists of five
distinct areasRepresentation, Retrieval, Reuse, Revisiomnd Retention. The CBR
cycle is shown in Figure 3.8.

Representation- How the system represents its knowledge. CBR systems often
store cases as problem/solution pairs. These can be indexeditatéaefficient
retrieval at run-time.

Retrieval - When a new problem is presented to the system, the casehwith t
closest matching problem descriptor is retrieved. Multiple ceae<de retrieved,

and combined for use in the solution.
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Reuse - The retrieved solution, or set of solutions, is adapted to thenturr
problem, using domain-specific or context-specific knowledge.

Revision - The resulting solution is revised based on feedback from the user, or
from the success heuristic. This revision can be an adaptation procedure.
Retention - The new problem/solution pair is stored in the case librarfufare

use.

Figure 3.8: The CBR Cycle

A number of researchers have contributed to the acceptanceRof\@Rso 97,
Mufoz-Avila 2003], overcoming various problems that have been encountened. O
mechanism for enabling greater generalisation capabilithasuse of skeletal cases
[Bergmann 1991], whereby the case library consists of absir&ectewledge, and a
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retrieved case is adapted to new problems by manipulatingdeatf the case to fit the
context of the problem. The newly-generated case is then conveited skeletal case

for storage in the case library.

For the MINSTREL storytelling system, Turner [Turner 1992]duaecomplex
case-based reasoner which integrated what he terms 'episaodmryhand ‘imaginative
memory', which allows a recursive case-based architecture, wiceteles of the case-
based planner can themselves use case-based 'imaginateaimgao adapt cases. His
system is an early example of advanced Al techniques in a doetpiiming creativity,
inspired by Meehan and Lebowitz's previous attempts [Meehan 1976, Ltelk88i3].
His work proved extremely successful in telling stories withie genre and setting of
Arthurian legends, creating novel plots and motifs based on a user'ofrtheme and
setting. MINSTREL was also capable of applying cases fromttieirian domain to the
domain of the modern soap opera, as it could adapt the concepts of kniglgs, aods
princesses, to men, dogs, and girls next-door. The MINSTREL sysatebe more fully

described later, in section 3.3.9.

3.3.4. Planning

Formally, planning has been defined as the construction of a sgtecdtions,
organised temporally, that will transform a given initial sitwato a given goal situation
[Geffner 2002]. The field known as classical planning attempts telse¢he space of
possible operations given the initial situation until a plan thattseesukthe goal state is
found. This can be a very complex operation in large problem sphegesfore is not

applicable to a real-time complex planning system.

Planners that integrate case-based reasoning have been found fiocasityi
reduce the complexity of the planning process [Mali 1999a]. Plensoemed through
the application of appropriate recalled plans, and the adaptation pr®eeksal search
that begins from the retrieved plan. The system re-constrbetplan based on an

analysis of the features of the goal situation and initiabsdn. Pollack et al [Pollack et
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al 1994], use plan filtering to show how focused planning increasesneess of real-
time planners. Veloso [Veloso 1997], along with Mali [Mali 1999b], show haawm pl
merging can help case based planners perform analogical rgajgpideal with new
problems, and Mufioz-Avila et al [Mufioz et al 1999] employ hierarclplzaining to

control a multi-agent system in the IMPACT environment [Dix et al 2002].

Veloso, Mufioz and others have developed an extensive set of conceptual tools
that perform extremely well, and Veloso and Rizzo have applied sbthe techniques
used in the PRODIGY planner to storytelling Al [Rizzo etl@89]. A character-based
approach is used, and the goal is to create believable chsyagyergiving them
intentions, goals, and plans. R. Michael Young uses planning for storsagjenan the
Liquid Narrative group [Young 1999], where an environment-independent stting te
Al architecture has been in development, with a successful implatioenin the Unreal
Tournament engine completed. Research in believable agents watedniti the Oz
project in CMU, spearheaded by Joseph Bates and his group [Bate$9392], which
has since become a business called Zoesis, who create beliagabkt-based computer

games.

3.3.5. Agents and Situated Al

The term 'agent' is one that has many uses in computer sclémre. has been
put forward a number of different sets of criteria that a peéc®ftware must meet to be
regarded as an agent (see [MacNamee 2004] for an overview),namdbar of different
types of agent have been defined, such as intelligent agents)oauttus agents,
deliberative agents, and believable agents. The consensus sdenthdban agent is an
encapsulated component that has an internal model of their environnsehtyfabeliefs
about the environment, and desires to alter that environment, along withpiheility to
do so, epitomised in the standard BDI (Belief, Desire, Intention) model.

There is a clear difference between an Al implemented usiagpomore agents

that inhabit an environment in real-time, and an Al that existscatral algorithm with
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no experiential knowledge of its environment [Goertzel web]. SimsS1994] and
Azuaje [Azuaje 2002] have developed compelling demonstrations of agantbave
learnt surprising ways to achieve goals, using an evolutionary agprélthough the
individual agents do not learn, the genetic evolution of their topologynands' enable
unpredictable behaviour and topology to evolve. Because in Sims' impléioeritee
physical topology of the agents dictates the arrangement ottgnitive structure, there
is a more life-like result in the agents’ movement and behaviour.b&haviours are
learnt by pitting one creature against another in the raceath @ goal, and over many
generations, the most effective topologies and corresponding igegbéhaviours are
mutated and cross-bred. The environment in this case is very simp&nis'’s approach

holds much promise for more complex simulations (Figure 3.9).

11 % % ++ 7 $+& + !

Figure 3.9: Evolved Agents

Agents in dynamic environments need to be able to adapt. Whetheatthi@ade
is done with genetic adaptation, or machine learning algorithmgean must be able to
react to new situations intelligently. The concept of situatiantelligence [MacNamee
2004] is a new paradigm in the development of agents. MacNamee ugedatigm of
virtual humans and emotional simulation to show how a complex saxfidiglievable
social agents can help immersion in computer game environments usnugled of
situational intelligence that adapts as needed to the dyrsstonrétion. However, the term
‘agent’ usually refers to embodied individual agents, and while g8eaneh is important
for creating istory, my research follows the lesser-trod pétimodelling a real-time Al

story director as an agent. An omniscient agent that inhabitsudased environment, but
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whose influence is limited to effecting the semi-autonomous ageattpopulate it, is the
general approach that has been taken in my work. This geamgpabach has been
recognised as promising, but it has been attempted in relafexlyprojects, although
Weyhrauch in CMU made an initial investigation into real-timettplg [Weyhrauch
1997], Szilas [Szilas 2002] and Sgouros [Sgouros 1999] have made important
contributions, and currently Magerko [Magerko 2002] and Braun [Braun 2002] are

working on systems similar to OPIATE.

3.3.6. Artificial Immune Systems

The functioning of an Artificial Immune System (AIS) is bas&da biologically-
inspired Al paradigm that has elements and mechanisms in commbnneaitral
networks, genetic algorithms, case based reasoning, and adaptivessysteong others.
It is a new and growing field of study that uses models of tledical immune system
to create problem-solving Al systems. Applications include robatidrol [Krohling et
al 2002], hardware fault tolerance [Canham and Tyrell 2002], and virakioggForrest
and Perelson 1994]. The benefits of using an AIS are those of the abatierrad
classical Al paradigms combined, yet in its combination of thewsrparadigms, it
appears to have lost some of the weaknesses inherent in them. AldégS was not
implemented for the OPIATE system, the concepts relevant to ggomlration in a more

general sense are suitable for discussion in the context of AISs.

Propp’s usage of biological terms such as species and generamorpisology,
and his discussion of stories as entities that undergo evolution andtiataptach like
organisms, invites the use of biologically inspired Al in the gaiaaT of stories. Indeed,
Richard Dawkins' concept of a meme [Dawkins 1976], and memetic eugluti
conceptually fits extremely well to Propp's model of the folktplet. Thus, a
modification of the genetic adaptation algorithm is envisioned wigetled physical
agents occupy one 'layer' of a simulation. Another symbiotic layesimulation
concerning the dissemination and mutation of stories of the agepésiences can then

occupy another layer.
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The requirement for the agents' survival is based on how well #reyirf the
world, and the requirement for the stories' survival is based on greimdient evaluation
of success. Even if an agent fails to 'breed’, stories of shewessful experiences can
proliferate, if the agents disseminate stories of their own experieattefirst and second
hand, and use the stories that they know about to help determine howctheyttee
world. This simulation could act as a crude model of human culturs. arbhitecture
could also be used for an interactive game world, and would be a imgj@vement in

the believability of virtual worlds.

AlSs have close correlations with the functioning of the sysiatiined above.
They incorporate memory of previous encounters, and new agents airgucosity
generated to deal with the dynamically changing problem sphgathogens. In the
biological immune system, pathogens are bacteria and viruses tis&t lcarm to the
body, yet there are also bacteria that are complementdrg farictioning of the body. A
key mechanism is the detection of non-self elements. Thesergteare assimilated, and
the assimilation process facilitates the system’s learitaghogens are in fact mostly
benevolent towards the immune system as a whole, as they emaldediution of a
hardier immune system, this being the motivation behind infant incoold@+Cells and
T-Cells (white blood cells) are continuously generated by the mameow, especially at
times of infection. Although immunologists are still not in fullregment about the
functioning of T-Cells [Kim and Bentley 2002], B-Cells are known totlhe chief
mechanism of distinguishing non-self elements, and fighting harenritities [Neal
2002].

Even if it is not biologically plausible, although there is some Grom in
biological 'helper T-Cells', | postulate here that the TsCedluld be seen as mechanisms
for communication between the B-Cells. As old B-Cells die, and new B-Celfsraned,
the most effective B-Cells are lost, and their abilities utnaéise pathogens are also lost.
If the T-Cells act as 'teachers', sensing and storing thest reffective B-Cell

configurations, and passing on this information to new B-Cells, this@ae as a type of
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long-term memory for the system. If this was implemented irAES) one observed
problem, mentioned in [Neal 2002] could be countered. Here, it was obdkated the
time-varying data space of Fischer's Iris data, long-temmaony of the system was

compromised by using conventional AIS mechanisms.

If the concept of a pathogen is stretched and moved to the anakrgausf the
dynamics of story simulation systems, so that it represeneaa'villain' or systemic
threat, the collective ‘mind’ of stories reacts to that pathogesugh one of two basic
responses. Firstly, old stories are used on the pathogen and ifitimesacigested by that
story is successful, the stimulation level of that story iseim®ed, and it is more likely to
be passed on to new agents. In this model, the stories themasethassthe ‘teacher' cells
mentioned above. Stories could be mutated or adapted every timaréhpgssed on, to

fit with the particular agent's setting.

Secondly, a new 'naive' agent (from the biological terminology) resatecits own
story through its actions and the reactions of its environment. N&@anga by naive
agents could be generated through a randomly seeded ‘personality’ endlgelagent, or
from crossovers between agents. This mechanism generatetan@s, yet because the
agent can apply its second-hand experience of stories to créwingw story, it creates
something not entirely different and new, but based on the structuwlat@ntextual
templates it has come into contact with. These mechanisms coulckivably be
implemented in an online multiplayer game that evolves a storgryidvased on the
interactions of its users. The stories would be proliferated bNB@s and the stories
could be about other players and other NPCs. Here, Levi-Straussls Nygd' is
explicitly modelled as a simulation of memetic stories, assisem of T-Cells in an
AlIS-like system.

Although these mechanisms were not implemented in the OPIATEEnsythe
introduction of AIS systems here is more appropriate to a geAkgaction, and | have
chosen to put it here. The OPIATE system utilises a casetlsgseem coupled with a

population of semi-autonomous character agents, which conceptually kel AIS
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where the story memory facilities are implemented cepfrialstead of as discrete T-cell
like agents. The ideas described above will also relate to &aore work suggestions in

chapter 7, specifically in section 7.6.

3.3.7. Creative Al

The creation of novel and original solutions to problems by an Alffisudt to
facilitate, and to this end a number of researchers have develogsdonallow Als to
recognise their own efforts, and evaluate them [Cardoso and Wiged)s2002].
Usually, implementations of creative Al are very domain-spec#itd the authors of
these systems have in fact injected their own creative methtwishe functioning of
their systems. Human creativity seems to work through the cotidrinaf ideas more
often than the creation of completely new ideas. This is how mioalgArithms work,
either through stochastic permutations of ideas, or combinations bas@&dapping
functions between domains and contexts. Concepts and features usdfal Ab dre
encoded in the definition of the system, and the adaptation and evolutionsgktem is

the process of combining elementary components until a satisfactory solubands f

Authoring creative Al behaviour is easier than creating a systieene creativity
is seen to emerge based on the dynamics of a system. Theeeoeeif creativity
requires that the Al be situated in a complex dynamic environneapgable of
discovering knowledge itself, based on a design that allows emexggatn evolution
[Bentley 1999]. Saunders and Gero have done some work in creative geait, avhere
creativity is seen to emerge in a social simulation, whequed and other social

structures emerge [Saunders and Gero 2001].

Mateas takes the point of view that Al algorithms can be usedrtistic
expression by the programmer-as-artist [Mateas 2000], leathegonus on the
programmer to be creative with the use of Al techniques. Hisradsshows how an Al
effectively increases the scope of the artist's vision, intontieeactive behaviour of the

artwork and it's capability to respond to audience participation. $teBys that respond
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to their own output have shown that novel and interesting creationsntarge, using
simple enough models, as seen in the 30-year song machine byBoetieh [Bordeaux
at al web], among others. As Al and Art have certain goals immmmm both being an
attempt to express the human condition, the use of Al has beenceohlim artists.
Mateas [Mateas 2002] quotes Joseph Bates to eloquently exprestt tas: be argued
that while scientists may have more effectively createctiinas that act like] scientists,
it is the artists that have come closest to understanding angp@dyaturing the essence
of humanity that ... Al researchers ultimately seek" [Bates L199dwever, it can be
argued that rather than creating a simulation of humanityyma researchers, myself
included, see Al systems as tools for human expression (agrgliotherwise), rather

than individual entities that express themselves.

3.3.8. Al and Games

Game theory is an extensive research area in Al with apphdat such games as
Go and Checkers, where all possibilities of the game statsearehed and filtered.
However, these techniques are not applicable to istory, as in costpigworlds such as
those expected by modern gamers, the task of searching all thielgoetsy states and
evaluating them is far too difficult. This is illustrated iigle 3.10, taken from Brenda
Laurel's 'Computers as Theatre' [Laurel 1991], which shows thieg'flwedge of
possibilities’. The white wedge represents the dynamics ofbdiies. As the story
progresses, there are fewer and fewer possibilities based dmstbey of events, but
more and more potential actions that could have been taken if the dashtseen
different. The satisfying conclusion of events becomes more and oboreus to the
audience, until only one possible outcome exists. If the playerees tb effect the
outcome of the plot, taking account of the player's actions in an ongomotagon of the
story could be a more efficient method of istory generation th@mtanuous search of
all potentialities that could occur down the road. A mechanism ferempting all

possible player actions is thus not necessary.
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Figure 3.10: The Flying Wedge of Possibility

There have been a number of commercial games with interesting A
implementations from the academic point of view, although none usar #dckling the
wider problems associated with storytelling. In the game ingluste term 'Al' refers to
the often simple and static mechanics used for controlling NP@vimir, something
quite different to its meaning in academic circles. Finiteestaachines are the most
popular means of implementing NPC Al [Rabin 2002]. Even so, games such a
‘Creatures' by Creature Labs, 'Galapagos' by Anark, and 'Bfat White' by Lionhead,
used learning algorithms to give the player more freedomnygetct, ‘Black and White'

did not use neural networks or any truly learning Al, but pre-definedvimmirs that
were 'switched on' when the creature in question was suppose/¢ 'learned' them
[Rabin 2002]. Creatures, however, used an implementation of ANNs, divided int
specialised 'lobes' within each creatures 'mind’, and random genatation for
generating new creatures [Grand et al 1996]. The gameplayema®pen-ended, more
like a 'toy' than the goal-oriented gameplay in most gameshNke 'Black and White',
the user explicitly taught the creatures through the use of deaad punishment

interactions.

'‘Galapagos' was a little-known yet compelling game, which foundawy a¥
incorporating a learning Al with goal-directed gameplay. Tlaggx controlled a small
robot that had to navigate through dangerous areas, hitting switcbdesvarcoming
traps. The player did not control the robot directly, but taught ith weward and
punishment methods, to use appropriate care in its exploration, evemaalbnising
safe and dangerous parts of the environment. Although Creatures andgGslagavery
interesting projects, they are rare examples in the game pddstere is a definite
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mistrust in the game industry of academic techniques, andategood reasons for this,
as it is a lot harder to exhaustively playtest these gamdsy@amatter how advanced an
Al is, it must be fun to interact with it. There are othermepkes of the use of Al in
games, seen in 'mods' for games. The modding community takésgegmsmes engines,
and creates freely available modifications to them. Some notabts nmclude the
SoarBot [Laird 1999] and NeuralBot. These respectively used a redetlsystem and a
genetically adaptive ANN system to create opponents forirgteperson shooting game

Unreal Tournament.

Figure 3.11: Games with Learning Al

There are currently some projects in development that promiseitease the
growth of Al in games. John Laird's paper [Laird 2000] on the ugmmiks in creating
human-level artificial intelligence has been well receiveddademia, with a number of

game Al groups and courses having emerged.

There is still a prevalent antipathy towards allowing ancdhave control of the
story in a commercial game, and as games have gotten masgiceaith improved
graphics, and the pre-scripted stories can still be more and mgressing, many feel
that leaving the storyline up to an Al would be an overestimatiats chpabilities, since
good storytelling is a difficult enough task for a human being. iBhmerhaps why the

push in this direction is coming from academic projects, as theytbave to face the
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rigourous quality testing that commercial games must go thromgthe extremely

competitive market.

3.3.9. Al and Stories

The Al necessary for a real-time istory-telling systiendifferent to that used in
most traditional Al domains. The success of a stowery subjective, and even if a story
is widely accepted as a good one, finding an algorithm that evathates very difficult,
as stories can be good for a variety of seemingly conflickagons. For example, in a
genre such as fantasy, or cartoons, the realism of the settmgg a good heuristic for
success, yet in a drama where the realism of the chex'dmtdaviour is vital to the story,

itis.

People pick up cues in the setting and initial presentation of st intuitively
know about what sort of events will transpire. Some modern storgtétlke advantage
of this, and genre cues can be deliberately misleading. An exar@leentin Tarantino's
“Kill Bill", where the heroine, Kiddo, enters the house of Bill, fimal villain, and finds
him playing happily with a young girl. The story leading up to thisery violent, and
every previous encounter concerned Kiddo's desperate struggle to standlimeact her
final revenge. The 'end boss' encounter in this case deliberatelthg expectations of
the audience, and this is not by any means a bad thing. The pogithctd stories is a
fine line on one side of which lies formulaic, unoriginal, tales, and on the other side of the
line, a story can degenerate into a nonsensical, disparate, skrea®ents. Thus, a
satisfying level of predictability is one that keeps an awdiesn their toes, so that they
never know which preconceptions will be shattered and which will hoéd &lthough
storytellers in established modern media continuously find new andaingays to tell
stories, building an istory computer system will necessarilyisbon$ emulating older

and more formulaic methods.

There have been a number of projects in Al story generation astetdt Alan

Dundes' early implementation of Propp's morphology [Dundes 1965] worked by

55



Background

randomly stringing permutations of previously defined charactetifurs together based
on the rules Propp outlined. In 1976 James Meehan's TALESPIN stogytetbgram
[Meehan 1976] used a goal-based character planning paradigm thaastiiifluence in
some of the current istory projects. Characters were defineadh geleefs and goals, and
the 'story' that was produced entailed a description of how the tdrarawteracted to
achieve their goals. UNIVERSE built on Meehan's approach, but useidod author-
defined story goals to construct plot-fragments [Lebowitz 1983], whicturim each
prompt characters to act them out based on the characters' §balemphasis in
UNIVERSE, and later in Dehn's STARSHIP [Dehn 1989], was on thé&e@ement of
author-level goals based on an evaluation of the current story situdtioner's
MINSTREL [Turner 1992], introduced in section 3.3.3, was the most eltbexample
of this approach. MINSTREL is a sophisticated case-based pldrateronstructs stories

such as the one below in Figure 3.12.
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Figure 3.12: Sample Output from MINSTREL
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Turner used a number of innovative techniques to facilitate storgtaHis core
method, inspired by the case-based reasoning model, was to xibée fleransform-
Recall-Adapt Methods (TRAMSs). Turner defined many of these, fitoen'Generalise-
Role' TRAM, for adapting previous plot fragments to new chargscterthe 'Use-Magic'
TRAM, for solving character problems using magic objects, and tlessé€bomain-
Reminding' TRAM, which enabled plots from one context to be used imemothe
TRAMS drew on a model of creativity that used 'imaginative orghto gradually adapt
solutions using incremental adaptations. Turner notes that he wiaflyinitspired by
Propp, but none of Propp's morphology was to be found in MINSTREL bynieeiti
was finished. The program's models of theme, and story morals, amalygsto express
themes using author-level goals, were basic to the systerma@dpatible with Propp's

theme-independent schema.

Story understanding is a related field of research in Al. Limiteddadading of a
textual story, the problems inherent in natural language procassiag that the concept
of a story is usually reduced to sentence-level semantics aasdldnterdependencies in
the text [Reeves 2003]. These causal dependencies are usually josedrthing for
common words or phrases, but there is some new research developingeéks to use
story grammars as templates for understanding text [Elson 2@uthe story
understanding methods have been developed where the story is compaextetingut
templates based on story grammars [Norvig web]

3.4. The Crossroads of Interactive Story

Future development in the areas of Al, the simulation of virtual dsprdnd
interactive story, will be intimately linked. Virtual worldseathe ideal test-bed for
human-level Al [Laird 2000], as they remove the limitations concernemgay input
and navigation that robotics faces. An attempt at creating humdnAéwhould take

account of the uniquely human propensity for structuring and storing knowiledge
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form of stories, as it is thought to be a fundamental human cogadtixety [Eco 1994].
| will elaborate on this in section 3.4.3.

Currently, one of the most outspoken proponents of interactive stoytedl
Chris Crawford. He is convinced that this will be a major afegrowth and innovation
for both computer games and Al. An early and influential game mimsign 1992
Crawford took a step outside the industry which he saw becoming set ways,
concentrating his work on developing technologies for enabling the meaxficomputer
games to become as rich a storytelling medium as possibles Whasralso a group called
the Oz project, started in CMU in 1989, that developed some compelliadigras for
istory, notably the separation of the problem into two distinctsat@alievable character
research and drama management research [Bates 1992]. Brendanzmuatto an early
pioneer, who translated Aristotelian concepts into usable metaphdmsnian-computer
interaction [Laurel 1991]. Janet H. Murray's 'Hamlet on the Holod&blktray 1998]
provides a critical analysis of interactive drama, and a debtd for the analysis of such

systems.

There has recently been a surge of interest from acadesmputer science
departments in game Al, along with a general increase imuanger of university
courses concerning computer games. A number of new projects inhstegyemerged,
such as [Diaz-Agudo et al 2004]. However, this review will concerrepi®jthat have
passed the design and development stage and progressed into testinfinancnme
John Laird's group in the University of Michigan have recognisedrded gossibility Al
research has in the dynamic creation of story for games [Magerd Laird 2003]. A
recent and impressive istory system is Michael Mateas andeAn@tern’s Facade
system. Facade makes use of Aristotelian concepts, modellihgrdewel goals and
character-level goals in a dynamic real-time systemgesegmted on the screen as a 3-D

first-person game environment. Facade will be discussed more fully in section 3.4.3.

The rest of this section will describe some different approatthéd in istory

systems, categorised into four methodological approaches. Mate&3engdr defined
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three possible general approaches [Mateas and Senger 1999], chamairter plot-
centric, and author-centric, and these are compatible with myatishs ofstory as life
(section 3.4.1)story as action(section 3.4.2)story as thought(3.4.3), andstory as
control (3.4.4). 'Story as life' refers to both atrtificial life and ndtlife, and the view
that sees story as an artefact of complex systems. Chacantdc istory systems model
the characters in a storyworld, and eschew a central contiiamiem to facilitate a
story that emerges from the player's interaction with theackens. Systems taking this
approach will be described under the headings of 'story astife"story as thought'.
'Story as thought' refers to story as a set of relationshtpsbe character attitudes and
emotions, and 'Story as action' refers to a conception of storysesd events. Plot-
centric istory systems will be described in the 'story d®rdcand 'story as control'
sections, and author-centric approaches will come under the headisgsyés thought'
and 'story as control'. 'Story as control' is a reference tui¢leof stories as tools that

serve an author's purpose.

There are hybrid models that could incorporate all four methods, so the dstincti
is present in order to show the different levels, akin to éttess levels, at which istory
can take place. Some of the systems will later be compatedhe OPIATE system, in
section 6.2.3. Each of the following sections also relate conceptorg to ways that
stories and storytelling influence human life and culture. Thiloie because just as Al
researchers have traditionally studied biological phenomenartarggiration, to create
true storytelling Al we must first observe how stories ekisthe real world, and how

people use them for their many and varied purposes.

3.4.1. Story as Life

For a virtual world to serve the purpose of entertainment, stonptisalways
necessary. Some of the most popular entertainment activities vweartdte be devoid of
story, with sports games being the most popular type of computes. géet where a
story exists, there is a more meaningful connection with the awdidiiiis is most

obviously seen in the movie industry and television industry, although théreeg of
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'reality TV' (or as they say in the industry, ‘writer-I83¢') is letting individuals' real
lives take the form of stories under the supervision of editors who eth@olives of the

participants with a structure that is translated by the audience into aveafoarn.

As was discussed earlier, it is possible to interpret systymamics as stories.
There is more to stories than mere causality, however. Stvgehe heritage of ancient
man, and reflect ways of thinking that have more to do with fate, dandhmysticism
than the causal dependencies of scientifically engineered systér® most interesting
stories are not lists of simply causally connected events, botsetfet are connected in
coincidental and surprising ways. There are properties of storydthaot correspond
with a simple recounting of events. Most prominently, a story hdisteact beginning,
middle and end [Aristotle 50BC]. Reality is not so constrained, amthudation system
that models believable characters inhabiting a virtual world, sschlrflee Sims' or
‘Creatures’, shares this property. Stories that a player can receupiaftng this type of
game are usually based on unusual occurrences that are not an obvieffesidd the
simulation rules. Although people do tell stories about their everydess, an
assumption | have made is that these stories are different than thoseaimgiuger could
be programmed to make based on a list of causal events. People subclynsitioiiare
their stories with the conventional rules and structures thathheg picked up since
childhood, and it takes an expert story writer who is aware of thesenscious

connections to explicitly apply the tools of story authoring to new storyworlds.

Cavazza et al [Cavazza et al 2002] take a character-bapedaah to istory,
modelling characters as agents with plans and goals modelledelpgrdtical Task
Networks (HTNSs). In this environment, there is no explicit modeplot independent
from characters, and the artificial life of the characienmteracted with by the player,
who takes a 'mischievous god' role. The author-defined goals oh#énacters serve as
the mechanism for defining the initial state of the storyavoand the process of
interaction consists of 'shouting advice' at the characters, aniguteding objects that
are a subject of a character's goals [Cavazza et al 200#xpugh there are many other

believable agent implementations, there are few who claim tlatcter interactions
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alone create story. Barbara Hayes-Roth is one who rightly \aeveaidience reaction as
the intended goal of the story, and distinguishes three feelingsethiat to encapsulate
this intended reaction: joy, rapture, and enlightenment [Hayds-E8&8]. Although she
recognises the need for an ‘'automatic story master' totwstua player's story

experience, for her the characters are the most important element oiyhe st

Figure 3.13: Cavazza et al's use of the Unreal Engine

The Oz project initially took an approach assuming that two threadsseérch
would enable istory telling on computer, that is, drama managemwmhtbelievable
character agents [Mateas 1997]. Although the emphasis was yrmitiabloth components
equally, research in the Oz team consisted mostly of beliwaant work. A believable
agent is characterised by its broad, shallow nature, in thah iadabelievably, but not
necessarily intelligently, in a wide range of situations. ¢tetity and emotion
simulation were key concepts [Bates et al 1992b], and the rgsudgmonstrations
captured some extremely effective characters, in cartoogsdtybyall 1997]. However,
the drama management research was not as successful, perhap® diagngpproach. In
order to enable plotting in their interactive story systemsa# assumed that the drama
manager would have to search all future story possibilities basethe current
interactions [Weyhrauch 1997], much like a classical Al plannanimteractive system.
This led to the focus on believable agents research and ultinthtelgnding of the

project, which was not revived until Michael Mateas built on the abzhitecture,
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collaborating with Andrew Stern to create a unified dramatiory engine that
incorporated all the personality and emotion models with a drama nmajiMgeas

2002]. A description of Mateas and Stern’s work will appear in the next section.

3.4.2. Story as Action

There seems to be a subjective difference between differeptefe idea of a
story. Some people see a story only existing in the dialogueatdatiers, and some think
of story as the events and actions that occur, with dialogue aeailiary. This reveals a
general difference between two distinct types of story. Soam®peid dramas are based
firmly in depictions of realistic characters, yet always aont plot that structures the
characters' experiences. The audiences of these storidsesplttas a product of the
characters' conflicts, instead of the Aristotelian reverse. dultkor expresses themes
through the analysis of each character as a realistic depigtian individual, through

dialogue, and emotional resonance's between the audience and the characters.

The action and fantasy genres in movies and novels often deal with the plot as the

central focus of the story, and the characters are often oshefleout enough to serve
the plot. The author retains a distinct presence, as realisacigiced for the author's
vision, and the events in the story implicitly define the themes. attiens of the

characters are required to serve the plot, and secondarily infemaudience of the
characters' qualities. A lot of modern stories mix elemenots tvoth types of approach.
A piece of dialogue or action can be effective at both unfoldingltiteand for character
development, and when it does both, a certain harmony is created [Andrews 1915].

What sets Propp’s work apart is the fact that it is independentexfal
expression. Aristotle initially notes that the plot, as a sesfesactions, is the most
important part of a story, but goes on to show the importance of \woclkow they are
used in his examples. A Proppian story is carried out primdrigugh actions, not
words. He mentions motivations and connective elements but goes Iptddithil. This

is not because he saw them as less important to the storlgelapgosite. Elements such
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as emotional motivations and descriptions of appearance are @réhef storytelling,
but did not have primary importance in Propp's morphology. These eleanergpecific
to each story’s internal world and work according to the rules ahaauthor sets up,
different for each one. The expression of specific themes oryaistdependent on them.
The morphology of plot works at a higher level, to structure thatewhat occur in the
story-world so that they are intelligible to an audience intioglato a universal

conception of the hero’s journey.

It has been postulated that Propp’s morphology is applicable not jusieto t
Russian folktales from which it was derived, but to myth and folktl@ms cultures
around the globe. It has been used to analyse the Bible [Milne 1988haNMiete
folktales [Vu Kim Chinh 1997], Native American folklore [Dundes 1964] and
contemporary movie stories. This shows that although the individual warkgvoke
many themes and emotions, they share a unique structure indepentiheseofDundes
has shown [Dundes 1982] that Propp's schema does not fit some folklatsdsome,
such as the Grimms, have taken original oral tales and mukegeq injecting elements
from literature, and therefore these tales can no longer d&fidd as folktales. In recent
years, Propp's work has been incorporated into a number of computenssysiti¢h
different results. Apart from Dundes's early implementation, oumerk by Braun
[Braun 2003] and Grasbon [Grasbon 2001], Paiva's group [Machado et al 2001], and
Magerko and Laird [Magerko 2003] show the diversity of products thabeamabled
with a Propp-based conception of story.

Norbert Braun has completed a number of different implementatiomnstooy
systems, and each is informed by Propp's work. In Geist [Braun 2802ugmented
reality(AR) installation at Heidelberg castle, the user dohsaalset and views the world
with an overlay screen, where virtual ghosts are projected, in order to expesiguided
tour around the history of the area. The user can walk freely artendgrounds,
interacting with the ghost characters, and the system autathagenerates a plot based
on pre-scripted narrative segments that can be experiencdtemerdi orders. Braun uses

Propp's own algorithmic approach to creating a new plot out of character functions
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“It is possible to arti cially create new plots of an unlimited numbdroAthese
plots will re ect a basic scheme, while they themselves mayesetnble one another. In
order to create a folktale arti cially, one may take any A, one ofpib&sible B’s, then a
C, followed by absolutely any D, then an E, then one of the possible F 'snihéh and
so on. Here, any elements may be dropped (apart, actually, from A or @peated

three times, or repeated in various aspgémopp 1968].

In Propp's terminology, A denotes villainy, B mediation, C countemacD the
donor function, E reaction to the donor, and F the provision function. These eharact
functions concern the villainy, the hero's reaction to it, and g of acquisition of a
magic object for use in the quest, and will be elaborated in thigrssction. Braun's
implementations involve taking a setting and group of characters;aedorising pre-
defined events as certain types of character function. Theseohmeire carried out in
Braun's system as the execution of the currently active evightamy user interaction or
movement contributing to the decision of the next active function. User interactithes i
system are limited, and future work on the system will be indoih allowing user

participation as conversations, using natural language parsing [Braun 2002b].

Grasbon's work with Braun's system has consisted of developing teays
incorporate user interaction into a dynamic unfolding of the plotdiéna 2002]. He has
developed an architecture using the '‘polymorphic function', a functiorrirggthie user's
reaction, as key points in the tale that can react to the usegthrepetition of functions.
These functions were annotated by Propp as positive or negativexdorple, the
function E+ means that the reaction to the donor is positive, resultthg F+ provision
function, while E- denotes a negative reaction, meaning the D donadiofurscrepeated,

if necessary with a new Donor character (see Figure 3.14 for a graph).
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Figure 3.14: Braun's GEIST Implementation

Ana Paiva, Isabel Machado, and Rui Prada used the Propp functiensbie a
children’s storytelling tool called TEATRIX [Prada et al 2[)GR@ere each player takes
control of one of the characters, and the system allows playassoge pre-defined
scenes to construct a story in real-time. The children's ehaficharacter effects the
abilities that they have in the storyworld, and the Proppian roléghéw will play are
chosen before the story begins.

The direction of the story is done by another player, who takes thefraltory
‘owner'. In later implementations, an augmentation to the syastastves the integration
of the SAGA (Support And Guidance Architecture) [Machado et al 20@8hjch
dynamically suggests new events to the children, and can introdwceolsjects or
characters for manipulation. This incorporates a Director ageichvis able to recognise
Propp functions in the players' interactions, and reacts by providinyg voa the
situations to be resolved. TEATRIX is a novel approach to applyingpP@nd is the
first system which explicitly integrates character fimtd into a multiplayer

environment.
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Figure 3.15: Teatrix

Magerko and Laird use an extension to the Unreal Tournament game ardamode
story as a pre-scripted plot, with no possibility for the ugeté&ractions to effect the
outcome [Magerko and Laird 2003]. This approach was justified as avyeeldemlance
between a writer's vision and a player's interaction. The [daiyeeraction is based on
the concept of Weyrauch's temporal variability [Weyhrauch 199%. Skory is told as a
series of scripted NPC actions, for example in a ghost stdfydunt II", and each action
must occur, but at times that depend on where the player is diinatee environment.
Each action occurs at a particular state of the story, arfsiQidR rule-based architecture
is used to decide when actions should happen. The limitations of this @ppnean that
true player agency is not enabled, and the freedom inherent ino&e®Ag computer

games is not possible using this approach.

A related project, also using the Unreal engine, is MIMESISdbéeé by R.
Michael Young. Interactive plotting is conceptualised as a planmioglem, with the
system reacting to dynamics [Young 2000], and player interactiomedans of either
intervention tactics or re-planning. The planner initially makes $hat any actions the
player takes do not interfere with the plan, instead of incorportttingnformation into
the creation of a new plan. This is done by intervention, which emtaigenting the
player from succeeding in the action they wish to make that intayfere with the
eventual outcome of the plot [Riedl et al 2003]. An example is setheibank robbery
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demonstration, in which the player can apparently shoot the bank robbes befgets
the chance to rob the bank. If the player attempts this, #temsywill automatically force
the player to miss, as it conflicts with the planned bank robbernt.eVe player
interaction does not conflict with the current plan, then the plan gjoesd as normal.
Although this model allows for player agency to some degree, it does not allowyier pla
agency to effect the plot. This is a problem for an istory sysbemis justified as a
balance between a writer's vision and the player's interactiocomdplex re-planning
scheme is also part of the Mimesis system to use askaaalthough this does not

happen in real-time, but is done in advance.

## "H#1SHS

Figure 3.16: Istory systems using the Unreal engine

Chris Crawford's Erasmotron engine was an ambitious projecthwakes an
original approach to istory, in that it attempts to incorporateide range of possible
models of story, and implement them in one system. Charactensaalelled as complex
systems of personality traits, emotions, attitudes, and acquired lddgsv The
interactive plot is modelled as a network of possible sub-stogynieats, each of which
can apply to different characters, and each of which have a nahpessible reactions,
leading onto other fragments in the network. This system cannotdssfield under one
heading alone, yet because actions form an integral part ofdtesrs this component of
the Erasmotron engine will be discussed here. Crawford saw thef aseide range of

interactions as the key to his system's success, and chesteiceds of verb descriptors,
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classified into about thirty categories, from verbs about sexrbs\about attacking, and
everything in between. Because so many verbs were availablegutnor of an

Erasmotron storyworld could realistically use only a subset ofitiraving to define all

the characters' personalities, along with substory fragmerttsnit@porate the verbs.
The availability of so much choice in interaction means that theepkexperiences the
feeling of inhabiting a much richer storyworld. Crawford's eiqrere shows that the
more complicated an istory technology gets, the more car&éavi# to go into authoring

storyworlds for it.

3.4.3. Story as Thought

Not to be confused with Aristotle's layer of thought, which sigsiggerything
that is asserted in a story, | will here discuss the sapbns of some research into
narrative intelligence. Narrative intelligence is about tble that stories have in the
evolution of human thought, along with istory systems that attempbttel this. When
classical Al was first being researched, and leading siceeminds believed reason to be
the highest form of human thought, the algorithms that were developedaszd on the
solution of intractable puzzles and deep search problems. As Adrchsdeveloped,
people found that the most difficult problems in creating Al werdd found in less
traditionally reasoning-based tasks. Computers can be programiheegae to do things
that 19" century philosophers and scientists held to be the epitome of human
achievement, such as mathematics and logic. Consequently, thefra@motional
intelligence, social intelligence, creativity, and inspirations bacome stronger in Al
research. These, like with vision and pattern recognition, are ateae humans excel

easily, yet it is very complex to develop an Al system to model them.

Current scientific research is considering the model of stasea fundamental
means that people use to structure thought [Turner 1996][Eco 1994]. Asf piue
'‘Discworld' series, in 'The Science of the Discworld Il'irfdlratchett with Cohen and
Stewart [Pratchett et al 2002] discussed the role of 'narrativiushaping humanity's

cultures. This book was a '‘popular science' book, for the laymamouates on some
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currently accepted scientific theories. Narrativium was proposedl fectitious element

that exists only in people's minds, actively promoting imaginationtlaadievelopment

of ideas. Narrativium is nurtured by the stories that peoplemissite, and it controls

how the world evolves, indirectly, through the actions of people. The siarigeople's
heads give them familiar scenarios that they can compare avéimnés in their lives, and

then they can act based on the second-hand experience that tiseestdo® them with.
People grow up with their parents telling them fairy tale egprand this is seen as a vital
part of a Pratchett's 'make a human kit' (from [ibid]) whiclkspa on unconscious
knowledge, or knowledge that we have no other known way of passing on. Thus, the
causal, temporal, and coincidental structures contained within shewesne part of the

basic mechanisms of human thought.

| would argue that Language is a basic structuring mechanism arhtimought,
affording sophisticated communication, and linguistic structuralism isgi@t linguistic
relationships are also a source of human conceptual relationships KGophiChoi
1990]. Children learn to use language, starting with rudimentary v&ouglds, vying to
be understood, until they can express themselves to their parehenauayh to ask for
things and explanations. Maria Montessori saw that a child's mifad etter suited to
learning than an adult's, with a natural curiosity that enatblesn to readily infer
meanings and associations through contact with a combination of ¢ngnd sensorial
experience [Montessori 1966]. When storytelling is introduced, the chighdeo
develop a longer attention span, being able to construct the meanmgearies of
incidents told in temporal sequence. Even if the child infers theniyyror unintended,
meaning of the story, the process of forming a meaning forttrg kelps build the

child's abilities as a thinking being.

The last paragraph is my own argument advocating the importastergtielling
in structuring human thought processes. The process of constructinqiimgneat of a
longer (than a sentence) verbal structure is mental preparaticorstructing our own

meanings for real-world events, allowing sequential reasoning skills to blepede
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The istory approach of using a virtual narrator to present ting Isas produced a
number of successful systems. Braun applies this approach in istes¢@tem, where
stories are narrated by the virtual ghosts that users enco@zitas [Szilas 2002] is
firmly in the plot-based camp, using some structuralist extensmri&opp's work in
modelling the thought processes of a narrator telling a story. CBreteond was not
satisfied with Propp's character function as the basicegieof the plot, and identified
several processes that occur at the plot level [Bremond 1974], andiedebtnary
oppositions between distinct actants. Using this model, Szilas keaspédd to simulate
the process of narration, to facilitate truly interactive rismeaHowever, because he uses
structuralist models of reduced complexity, the plot is represastadseries of obstacles
that characters must overcome [Szilas 2003], ignoring the moreieatpi based, and
complex, model of Propp. This is reminiscent of Cavazza, and theresieéehan's,
approach, yet instead of simulating characters, it incorporatesor@ plot-based
simulation model, which allows for user interaction in the unfolding of. pThe text-
based approach is limited, however, and Szilas informs us that futwkewill be in
more graphical environments [Szilas et al 2003]. Szilas' appr@aatonducive to
interactive plotting, and he notes that the primary requiremehtaischaracters behave

according to the dictates of the plot rather than models of their own motivations.

Sgouros uses an Aristotelian plot model in his system, which is indepe of
environment, and has implemented the 3D DEFACTO game to showc&goitros
1999]. The automatic resolution of the plot is an integral part afylsitem, and proceeds
by analysing character states and previous actions. Aristdti@matic arc is central to
Sgouros's plot simulation, and the player's interactions trigger czatiph events, that
serve to increase the level of conflict in the story, and resoletvents reduce the level
of conflict until a conclusion is reached. Characters are not autono@odiserve the
requirements of the plot. The author defines the initial situationthenslystem simulates
the author's thought processes in bringing the story to a sagiségnclusion, via
conflicts that emerge based on the player's actions. The maiatiiom | would see in
this is that the plot models are too simple, made up of simple déeficlution pairs that

would not allow any higher-level plot control by an author.
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Mateas has greatly contributed to the development of istory, and k@sd&a
game was a finalist in the respected Independent Games Guonpiet 2004, and also
appeared in popular press such as Time and Wired. Mateas is dreembst oft-cited
istory developers, with his discussions of narrative intelligeidatdas and Sengers
1998], and neo-Aristotelian drama [Mateas 2001]. Facade features WfPCSmulated
emotions and personality, which the player interacts with by datkia role of another
character, using a unique natural language engine [Mateaseand2804]. The system is
built using the Oz architecture, using a drama manager to theeeictions of the NPCs,
who are implemented as semi-autonomous. Mateas defines a spal@ to 100 [Mateas
2002], where 0 is fully autonomous characters, and 100 is where all tehaetons are
initiated by the drama manager. Facade falls at around 70. LoWwrkaaions to the
environment are carried out by the characters, but any everitabatny relation to the
story is controlled by the drama manager. The most important gocept that Mateas
uses is the 'dramatic beat' - the smallest event that chdingevalues of a character.
These dramatic beats are planned and scheduled in a similao v&gouros's system,
calculated to create and then resolve conflicts between NPCs, arekbdNPCs and the

player character.

Crawford also models characters in a complex way, and the develophifet
Erasmotron story engine consisted largely of defining all theilpessategories of
emotion, personality, and actions that characters could exhibit. &etauthored as
networks of abstract segments, with the dialogue pre-authored astelisbaracter-
specific chunks, which can be reused in different contexts. When asegjotent is
reached, it is executed by utilising the current state ofelesant character, and the type
of action that the plot fragment requires, to create a dialogerg éhat is presented to the
player as text, alongside a depiction of the character's emostatalin an image. The
plot fragments are pre-authored, and a player influences the piah stbry through the
plot by choosing from a list of available responses. Although thenglwtork is pre-
authored, each plot fragment is an abstract representation thiaé @nacted differently

depending on the state of the character that enacts it. Craudorshaovated in is use of
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gossip simulation. First attempted in his game 'Trust and Béfralie Erasmotron

incorporates a sophisticated procedural model of gossiping [Crawford web].

, C 1+ $ 1

Figure 3.17: Mateas and Stern’s and Crawford's Story Systems

Another contribution Terry Pratchett made was explained in [Abbott 2002], which
references the novel 'Wyrd Sisters'. In this book, set on the rpgidased Discworld,
the narrative drive which usually structures events in Discworld goexf oantrol and is
anthropomorphised as the villain of the story. The heroine, Nanny Oggssoi counter
the onward push of the narrative by going against every clichédrence, never giving
in to the obvious requirements of the plot, until she gets to the boftarhat is causing
this - the overabundance of narrativium. Pratchett here provides altogpeetaphor
for players in an interactive storyworld, which is related ® @Rkperience of players in
story-based computer games. It has been casually observed tyet plsstinctively
know that in order to advance the plot they will have to venture intotewitory, but
often put this off by exploring every alternative before opening dbar’', which they
know will lead on to the next challenge or story point. This resistembeing prey to a
set-in-stone narrative is a fundamental reason why consumerstedamincreasingly
turning away from their television sets (as observed by ZifiMedia group [Ziff
web]) to experience the greater freedom in, and control over, ffegiences provided by

computer games.
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3.4.4. Story as Control

The use of storytelling to achieve control over people seems eprigs but has
been fundamental in humanity's history. This was a theme in '&cadrtbe Discworld
II', mentioned in the last section. In some works [Propp 1984, Lang 1986priiposed
that stories grew out of prehistoric rituals, particularly atitin and death rites. The
specific motifs used in stories come from ever-changing @ljtusocial, and
technological sources, yet it can be seen that structures anthplodslern stories can be
traced back to ancient versions. For example, the plots and cofdiicis in comic book
superhero tales can be traced back to mythologies from ancieligations [Johnson
web]. The myths and legends of today represent belief structures of previouatmowisis
and served to keep people from acting outside social limits. Northyas FEonception
of myth as an expression of a societies' concern, that workaldode freedoms [Frye

1957], is a corroboration of this idea.

When an author expresses central themes with a story, theyyudaao by
putting forward a theme along with a judgment on that theme thétisgated by the
ending of the story. Star Trek's plots are moral fables fBaral Robertson 2000], that
put a dilemma to the hero (most often the captain of the gta@d show how a moral
judgement results in the successful return to a state of equitibiihe control exercised
here is an antithesis to the freedom found in a simulated interaadrld like a computer
game, yet the process of learning from the interaction carnsalye to elucidate themes
in a different way. Although the traditional happy ending shows howralmmgement
results in a return to equilibrium, there are other forms that aalléferent thematic
approach. Martin Scorcese's 'Taxi Driver' features the ardi-be Travis Bickle who
takes the law into his own hands, acting on paranoid delusions, yetehesahe happy
ending that is usually reserved for the hero that takes the mghaglound. Scorcese's

storyworld here serves as a mirror on reality, where the good guy ddesy'$ svin.

The use of simulation to express artistic themes is a method that was used in Chr
Crawford's computer game, 'Balance of Power'. In this game, tler gkkes overall
strategic control of either the USA or the USSR during the tinthe cold war. It has
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been observed by Ernest Adams [Adams 2001] that in controlling tB& UBe player is
faced with the perspective of all the surrounding allied counbe@sg 'bought off' with
the USA's economic superiority, and the player controlling the Us&Ro manage its
resources far more efficiently in order to compete. This avasvelation that reminded
Adams of the dawning of awareness that often accompaniegpbagence of an artistic
work. Picasso's cubism, based on the method of depicting a subjean&roynpoints of
view simultaneously, is a paradigm that has parallels in irteeacomputer games. If
the player is allowed to choose a variety of points of view (@iffercharacters or
personalities) and perceives the game world differently from each, bqtkatfez and the
author share control of the experience. This sharing of control alioftexible artistic
expression, which has more in common with a conversation than the orexefange

usually associated with artistic expression, in painting or writing.

The author of such a flexible game world must anticipate any ehoe player
can takeunlessthe world is simulated to a degree of complexity that alloarssistent
thematic expression independent of explicitly authored content. It cargbed that 'The
Sims' constitutes this sort of thematic simulation, and Wiligihtrhas admitted that he
believes people can come away from the game with a new setisered for balance
in their lives. Just as the balance between pleasure and dwgytheléves of the 'Sims’,
balance is a vital part of living a daily life, and people becomare of this 'balancing
act' that they are subconsciously playing with their reakla® a result of playing the
game [Twist web]. Controlling the expression of theme throughulaiion is a
complicated task, which requires skill in a broad range of newdsfi¢herefore it is not
yet a recognised art form. Musgrave is a champion of proceddistic expression on
computer [Musgrave 1995], and identifies the practice as one tHapexfiaps never
become popularly accepted as art, due to its dependence on a wiel@ftakdls, both

technical and aesthetic.
The simulation of narrative intelligence, seen in the istoryesystdescribed

earlier in this chapter, is an attempt to model the process aoragmes through in

implicitly elucidating a theme with a series of events.d@se Propp based his analysis
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on Russian folklore, we see in his morphology an abstracted expresdhethemes of
Russian societyendered as a generic story template. The causal relapenisetween
events are secondary to the temporal nature of Propp's scheérnbecgase the ancient
societies that inspired folklore saw events as being connectedifier@nt way than we
do (exemplified by the ancient Chinese | Ching), the temporaltsteucould in fact be a
model of the way these societies viewed causality, much like Jung's idea ofdByeithr
[Jung 1953]. The choice to use Propp's structures for OPIATE wasl lmmsean
assumption that the structures of these folktales themselvesnctigeatic knowledge
that is not expressed in Propp's description of them. The thematier pwwthese
structures comes from the fact that they endured so well asates) resonating with

enough people to survive in the memories of generations.

Thematic author modelling is a concept used to great succebsrigr for the
MINSTREL system [Turner 1992], yet has few modern proponents. The BSUT
system, by Bringsjord and Ferucci [Bringsjord and Ferucci 198@s an author model
to exclusively represent the theme of deception in the eventgetepig the story. The
characters could use deception to achieve goals, and becauserasivextedel of the
use of deception was integrated into the system, various comglgats could emerge.
However, because this thematic knowledge was designed into teensysta top-down
fashion, BRUTUS was limited in the themes it could use, and attegrof use of other
themes was deemed too unwieldy to pursue. A more bottom-up simuléton t
incorporates thematic mechanics could allow for emergent oocerref thematically
interesting events. This is unknown territory for istory developes Turner seems to
have made considerable progress with his static textual stangesh@ moral themes in
MINSTREL's output are based on simple author-defined templatesathdtte abstracted
for use in many contexts. There are many lessons to be leambbth his, and all the

other systems described in this chapter.
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3.5. Conclusions

To link some of the background provided in chapter 2 with the current chhpter
would like to make the point that as well as providing a good testdredl fresearch,
computer games are a venue where Jung's collective unconcious an8trhass'
structuralist myth-mind have a very real applicability, regasiigf how accurately they
seem to model reality. These concepts enable a structure ottrabreérol over a virtual

world that is not embodied in that world, but is implicit in the definition of the system.

In section 3.2, | show various means and styles game designets pseray
stories in their chosen medium, and give an introduction to the use afason
techniques for creating interactive systems with emergameglay. In section 3.3, |
introduce some Al research that deals with creativity and shawthe most useful
systems in this area are those which combine elements of differentWearares. | also
introduce artificial immune systems as a good example oftarsysf different evolving
entities which also incorporate a mechanism for global memofigencing how the

system evolves.

In section 3.4, a number of systems are dicussed that have gioalarto the
OPIATE system in order to provide an idea of what problems aesl fexccreating an
istory system, and some different approaches to overcoming thenrest of this thesis
is a description of my own approach. This approach is the combinatiarcludracter-
based approach with a plot-based approach in a way where the workings of botlymutual
benefit the other. This is achieved by using a Story Directentags a global director
which keeps track of the NPCs in the system as a whole, whihg i@cused on the
activities of the player character. This architecture allthesindirect control implied by
allowing a certain amount of autonomy in the NPCs while influenttieq goals. This
could be seen as a model of an 'unconscious drive' for the NPCs, ansl thkoNPC
dynamics to form a complex system where the emergence ial sdoations between
the characters can occur. The Story Director (SD) agent thppsents a common

driving force with a shared memory of stories.
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4. Design

4.1. Introduction

The primary design goal of the project is to create a compatee gystem where
the player has a maximum of potential choices at any onelimés also constantly
engaged in a consistent story that is not explicitly authoredpgysan, but dynamically
generated in real-time. The approach is to develop a story nmeagsystem which
monitors the events in the game world, creates appropriatepddisyfor execution in the
game world, and directs this story as it is played out in the .gaime storytelling
techniques found in certain commercial games are assumed to @heandlirobust, as

proven by their popularity, although the plot in these games in not interactive.

The design approach entails the separation of the architectard)inhe game
engine, and (ll) the Story Director (SD) agent. The SD isgamtathat operates in the
environment of a game engine, directing the non-player charg®®Gs) therein to
enact a story for the user.game enginé a game industry term describing a set of tools
and resources that can be reused in different games, and condifftrefit components
such as a graphics engine, and a physics engine. A desigiodegas made to situate
OPIATE in a 3D game similar to commercial games, and tososee storytelling

techniques from them.

The 'Unreal Tournament' game engine is freely available, aydteaustomise,
thus it has been used for a number of istory projects such as NIBVIESs game engine
was evaluated for use in this project, and, although it was an igtraption with most
game engine-specific problems already taken care whstfound to be; (a) not flexible
enough as regards the use of story direction methods, and (b) toedamusviolent
character interactions. Therefore, a new game engine wasopegglto maximise
flexibility and allow any features that were desired to belémented (and to gain

experience in the process of game development).
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The overall architecture of the design was based on the Oz{saevision into
believable characters and drama management [Mateas 1997], shoigarsn4&1. This
also corresponds with Propp's assertions that characters, motivatmmhshemes are
independent of his plot model, this correlation being an early motivatothe
development of the system. The characters of a story worlaugéner-defined in (a) how
they look, and (b) their personality and history. Their motivations aedoan (b), along
with the events that take place during the course of the storgnkra, themes can be
expressed in many ways, but the design of the OPIATE systeraepied with no real
mechanism for allowing an explicit definition of theme. The desifjthe world, the
characters, and the possible interactions was assumed to be a rwethoglying
themes. Thematic interactive plotting (making the storyabeut something) is thus a
difficult problem, as the organic unity of the story has been splitjlimy the characters
and the plot independently. However, although Propp maintained that whipéothend
characters are conceptually independent, in specific stories dheyunited and
correspond in thematic ways, specific to each storyworld. Arl&otpatterns are to be
seen here, and serve to unite the structural plot skeletbrihv characterisation to form

a consistent thematic purpose.

Figure 4.1: The Oz Architecture

The design of the system at a lower level was carried oumnplementation
proceeded, using what is known in some game development cirde®aganic design

process or evolutionary prototyping in more academic circles. This chaptebegin
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with a discussion of the design goals of both the game engine astbthelirector, and
will then move on to how these requirements were addressed on edalstofle's
layers. This section is presented to illustrate the design ofahsiery is to be told with
OPIATE, and serves as a functional specification of the systam.chapter will then
move on to describe how the system was designed to facilitatefutieional
specification in the next sections, discussing the software ectimé, and then detailing
the two most important architectural components, the game engoh&astory director
(SD) agent.

4.2. Requirements

One requirement for the system is that it should deal withptbting at an
abstract level, so that the system can be applied to diffamgtverlds, and so that the
approach and architecture is valid for other game enginesSDhagent should operate
at a certain conceptual distance from the game world. Althouglast mot deemed
necessary to have a separate software process running, tiieD8emtor Agent was

intended to be as loosely coupled with the game world as possible.

4.2.1. Story Director

The SD was envisioned as a software agent, using a definitiagenft that
requires (a) a sensory knowledge of the world in which it operdieghé¢ ability to
create plans to change that world based on its own knowledgeaiaes, dc) the ability
to effectively carry out these plans, and (d) an ability totrédgeamically to the world

and change or adapt its plans.

The story is to be initiated by the SD, based on an expert knowtE#dte
skeletal plot structures of Propp, and how they fit into storyworldsselamry plots are
to be enacted based on the dynamics of the gameworld, and mecistaealayer
interactions. It was decided that the SD should operate in ahatignabled open-ended

stories. There is not a desired ending that is forced, but the rsigsy progress in a
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satisfying way and be seen to make sense. Because ofd@hesnged model, the player
can influence the plot to a considerable degree.

Any artistic themes in the plot are assumed to be implicithe skeletal plot
templates, but themes are more explicitly incorporated at time gkesign level. The
ability of an author to effect the story is limited becausestiséem allows an open-ended
story to emerge. The author defines the choice of plot models awailabtl the
interactions that characters can have. For an extension slysbem that allows better
control of the SD agent, an author interface would be desirable whithadjust the
parameters that dictate the details of how the story is planned and enacted.

4.2.2. Game Engine

The game engine was designed as an adventure game engin@éreehenain
components in standard graphical adventure games, such as the kugaszes, are
characters, objects, and locations. Each of these componentsateddoy the game
designer, yet basic attributes are coded into the engine. The pd&gs control of a
character and travels between locations, acquiring and using oljddtsteracting with
other characters to advance their progress through the locatiomeakea up the game
world. An important requirement of OPIATE's game engine, thdtsisnct from other
adventure games, was that the NPCs should be capable of moving broations like
the player character can, and act within a social simulatianirticludes the player
character. This is necessary for the OPIATE system, asbiteact plot-level planning
can only be truly useful if it can be applied to a dynamic systéere the skeletal plot

events can be fleshed out with characters that respond to the player.

Because of the open-ended plotting, the game environment must teel evéh a
view to defining the possible paths of progress through the gamaugeof the choice
of using an adventure game as a testbed, puzzles involving objecisipdant.
However, since the SD plotting must be compatible with other tgpegames (e.g.

Action games and RPGs), these puzzles are ancillary to the mgaointhe plot. This
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illustrates a limitation of the game engine. A typical conuia¢igame incorporates many
challenges and action elements, yet in testing the OPIATEersysstorytelling
capabilities are specifically being examined, so desigaicballenging game was not a
primary requirement. If the OPIATE system was to be incorpariat® another game,
many other elements would be necessary, but the elements deempedant for

interaction with the game world were as follows:

Character modelling that incorporates attitudes, behaviours, goals,aand
inventory of objects.

Objects that enable new actions to be taken, and portal objects that link locations.
A gossip system which enables knowledge of story events to benuimsgted
through the characters.

A dialogue generation system incorporated into the charactessd®@s not need

to be sophisticated natural language generation, but needs to e géteacross

the simple communication necessary for the player to be awaséogf and

gossip events.

4.3. Layers

There were two distinct architectural levels of design inwblwvethe OPIATE
system; the game world and the story director. However, in descthendesign of the
system as a storytelling medium, | will here refer to Atlsts layered description of

stories, from the layer of plot on down to spectacle.

The design of each level's functioning was planned to work tegetith the
others, and the flow of information is almost always from a hitghesl to a lower. The
case where a lower level informs a higher level is that ofacker to plot. This is the
difference that the interactivity of the system necegsitdh Brenda Laurel's ‘Computers
as Theatre' [Laurel 1991], Aristotle's layers are depictedhée context of human-
computer interaction, and she puts forward the idea that in ancimneraystem, the

lower layers must inform the higher layers, but here, this neeg lmnltrue of the
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character/plot interaction, as the player controls the interectof the hero character.
Figure 4.2 shows how Aristotle's layers correspond to levelafofmation content in
OPIATE.

Figure 4.2: Information flow between Aristotelian layers in the OPIATE system

Edgar Allen Poe did an extremely methodical analysis of #atige process that
went into his poem ‘The Raven’ [Poe 1850], in which he maintains thaté¢agon of a
work of art necessarily begins at the end, or purpose, of the woekpdipose of the
poem was to appeal equally to critics and a wider audience siraaoiltsly, and based on
this purpose he developed a theme, tone, structure, and a focus, vasidhemvord
‘nevermore’. This base was then extended to define the choice tbinmhgnd rhyme
schemes, and the character motivations, and finally the imagesentd that are present
in the work. His analysis is a great insight, yet does not tjirentible systemation of the
processes behind the work. Constructing an Al to perform these ges@radsks is
impractical, requiring too much knowledge and metaknowledge, aldhgaw intuition

for the human condition. His layered approach is useful, as, like #&istoit could
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inspire the creation of an author interface for interactive gting. The top level of a
narrative, encompassing theme, tone, and overall structure couldntvelled by an
author, allowing an Al to extrapolate a plot's finer elements evhitorporating user
interaction, within a simulated world. The hierarchical arrareggmof storytelling
elements in the OPIATE system is shown in the following eestibegginning with a
discussion of plot.

4.3.1. Plot

The plot is modelled as a series of character functions, aseddiy Propp. The
SD agent's only capability to change the storyworld is inuge of these character
functions. Propp's definition of the character function is one of hig mngsortant
contributions to folklore studies, and a thorough analysis of his corpus ofeksnof
Russian folktales led to his discovery of only 31 distinct functionsahzharacter can
take. Character functions are definedAas act of character, defined from the point of
view of its significance for the course of the actidin's important to note that character
actions can appear to be the same, but since they are definethéqrint of view of
their effect on the plot as a whole, similar actions can in fegresent completely
different functions.

A list of all the 31 character functions as defined by Vladifropp, along with
the symbols Propp assigns them A, B, Pr, etc.), along with how these functions have
been interpreted for use in OPIATE, is presented below in Figure &c8. fEnction can
be omitted, with the exception of either the Villainy or |dakction. However, when
included, functions must appear in the following temporal order. S@no&ons can also
be tripled (repeated three times). This list is fundamenttilgmperation of the system.
The zeroth function, which is the introduction of the setting (sympadk omitted from
Propp's scheme, and can foreshadow other elements, but does nob gersie the plot
forward. The functions are split into 5 sectionBreparation, Complication,
Transference Struggle, and Return. There are dependencies between functions.

Dependencies are structured such that if the first one happamnshéhgecond one should
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function groupings are further discussed in section 4.6.2.

Section I: Preparation

1. Absentation

The characters introduced at the start of the stdoge to the Hero, can
be called Family in this scheme. Absentation ineslene of these
characters setting out for some reason. This catobe by giving a
character a goal to follow whose object is in &edént location to the

initial one.

2. Interdiction

When the Hero is warned not to do something, oeredi to do
something. The order is carried out by a Familyratier. If the

Absentation function was present, the Interdictiomlves it.

3. Violation

The Hero violates the warning, or fulfils the ord€his act can enable

the Villain’s reconnaissance by, for example, &erhis attention.

4. Reconnaissance

\174

=

The Villain, or an underling, looks for some pragabject or characte

to perform villainy on, to form his evil plan.

5. Delivery The Villain appropriately finds what he was lookifag.
6. Trickery The Villain attempts deception to prepare for thedd villainy.
7. Complicity The Hero or Family member succumbs to the trickery.

Section II: Complication

8. Villainy

A

The act of villainy can be abduction, theft, rugniof some object,
murder, declaration of war, etc. This is dependenthe resources of

the game world, and is chosen based on the dynarhtbe world.

8a. Lack

Instead of the villainy, a lack can be expoundexd ttoes not have a
villain behind it. An NPC requires some object eed to be

accomplished.

9. Mediation

The villainy or lack is made known to the Hero. Aness character is

given the goal to tell the hero of the act of villa
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10. Counteraction

C

The Hero decides on counteraction. As the playestmiecide on this

v

himself, counteraction is an event that the SDoisresponsible for. The
mediation event can be repeated, or even thenyllavent can be
repeated until the player decides to counteract. ddtision to
counteract must be explicitly declared or signifigdthe Hero. If the
player does not react, a new plot can be introduded these

decisions are made will be elaborated in sectiémi4.

Section lll: Transference

11. Departure

This is the end of the set-up part of the storygl iara game world, this

is when new areas are opened for player access.

12. Test

A character selected as a Donor is assigned tHeo§testing the Hero.
This function can take many forms, such as a qadsattle, an offer of
employment, a request from an injured party, eted hence is very

dependent on the Donor character, the game ward,sind the player

character.

13. Reaction

The Hero's reaction is ideally down to the playard the test function
can be tripled to get a reaction from the hero. flager must be given
the chance to achieve the receipt of the rewalgir any means they
see fit.

14. Receipt

The receipt of a magical(useful) object. The obyeitlater help the
Hero overcome the Villain in the struggle or tagkdtions. The hero

can receive the service of a Helper characteranstd a useful object.

15. Guidance

This function is another function, like departunich involves the
transportation of the Hero and the opening of neas, this time to the
locality of the Villain. This can be done with gifig horse, a train, by
opening a gate for the hero, or some other meagwfipto the

gameworld. The test-reaction-receipt section isrofepeated or tripleg

before the guidance function

Section 1V: Struggle

16. Struggle

H

This struggle is with the Villain, and depends ba game type and
player interface. It could be a riddle, a testldll,sor a competition. In
my game engine, the struggle usually takes the fdram object puzzle

that must be completed.
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17.

Branding

During the struggle with the Villain, the Hero dag branded with a
scar or given some means by which he can be resmdnr his function
works with the later Recognition function. This tbbe a graphical

change in the appearance of the Hero.

18.

Victory

The Villain is defeated appropriately to the forfrstruggle. The player
usually gets a few chances to defeat the Villaagitionally (in stories
and in games) three. Again, if the Hero is unsisfaésa new plot can

be introduced.

19.

Liquidation

The original object of lack or object of villaing recovered. This can
be a separate function to the victory, and mayireqther characters

helping in the recovery.

Section V: Return

20.

Return

The Hero leaves the location of the struggle, uglmll the same means

as the arrival in the guidance function.

21.

Pursuit

Pr

The Hero is pursued by the Villain or his underinghe underlings are
defined by their attitudes to the Villain and Hewndnich can be based
on attitudes pre-authored by the designer, oredrat through the

social simulation system.

22.

Rescue

R

s The Hero saves himself, or is rescued from pursdiér this function,
a new plot move can begin with a new act of viaifihe rest of the
functions of the current move can be intertwinethwle new move, or

they can wait until the new move is over, or thay be omitted.

23.

Arrival

The arrival of the Hero either home or to a nevwgkliom, where the
story will end.

24,

Claims

The false claims are made by the character givefréisehero role.
This character can claim responsibility for the ¢ieideeds, or claim
the Hero did something he did. This introducesutse of deception,
and the Falsehero is a character that the hergreausly friendly
with.

25.

Task

The Hero is assigned a difficult task. The tadikis the struggle
function, but the Hero is not directly opposed tman character, and
the task can be one of endurance or some feailbésktrength. In
computer games, tasks and struggles are abunderm, tmore and
more modern games, it is recognised that additieleahents are

required to express the progression of a story.
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26. Solution N | The Hero solves the difficult task.

27. Recognition Q After the task is solved, recognition of the Hezrposure of the
Falsehero, and/or transfiguration of the Hero iscexed. Any
combination of the three is possible. Recognitiadhieved if the herg

has been branded in the struggle with the Villain.

28. Exposure Ex The Falsehero is exposed when the Hero is recajrasdoy his failure
to complete a task.

29. Transfiguration T | The transfiguration of the Hero can be done witraphical change of
the hero’s appearance.

30. Punishment U| The Falsehero or Villain, or both, are punished.

31. Wedding W/ The Hero receives his reward of a wife, a kingdanold wealth and
power, a new hat, etc. The character with the Bgscole will be the
hero's wife, and for the OPIATE game engine, it dasided that a
wedding function would be implemented by allowihg player to take
control of the character in the Princess role. Téigards the player
concurrently with rewarding the hero character,chtis a technique
that Tim Schafer uses in his games to enable pEypathy with the
Hero [Schafer 2004].

Figure 4.3: Propp’s Character Functions

Each plotmove as referred to in section 2.4, is made up of some combination of
these elements. Moves can be combined flexibly, and a number of therarebove
refer to the introduction of new plots depending on the hero's reactiose €lkents will
cause a new move to be introduced. Propp's 'Morphology of the Folktalpp [P868]
contains an appendix with 44 tales transcribed into series of funchliensanscribed
others, but included this subset which he says exhaust the possibleonsriaf
functions, and therefore are an excellent source of raw mdtemalwhich to draw our
desired expert knowledge on plot structures. | converted these tpfiossriinto scripts
as text files. These scripts take a simple syntax with sadpt line representing one
character function. The SD parses these scripts and uses thisncase library for the
case based planning Al, detailed later in section 4.6. The scorgpskaletal plot moves,

to be fleshed out with their enactions by characters. One comnsomaerstanding and
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criticism of Propp's work comes from the assumption that he int@leds functions as
the most basic primitives of stories. Instead, Propp refers téutiotions asspecies
made up of structures, each with any numbemgefera, of which he gives some
examples. The scripts consist of some functions that are opeterporetation by the SD,
and some that are tightly defined and need to be enacteddexcrto the script. An
example script is seen below in Figure 4.4.

Figure 4.4: A Simple Plot Script

Each script line contains a maximum of three parts, calletytiee theverb, and
the noun. There are 31 types of character function, 26 possible verbs, and Blgossi
nouns, as seen below in Figures 4.5 and 4.6. The verbs were desigmgddifyto be
both descriptive of the many different genera of character imsctlescribed by Propp,
while also fitting OPIATE's game worlds. Each verb can baethout by using certain
actionObjects. The nouns are used when a function requires anothgr ientite

gameworld apart from the NPC that is enacting it, and the player clraracte
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Figure 4.5: Script syntax

Figure 4.6: Script Parameters Adapted from Propp

Each of the 31 function types is associated with a role. Thei@ raes defined,
7 of which correspond to Propp's 'spheres of action' oHér®, Villain, Mediator,
Donor, Helper, Princess and Falseherqg and another two, mentioned by Propp; the
Family role which was included as part of the sphere of action of the, died the<ing
role which was included in the sphere of action of the Princess. Béehwith its
associated character functions is shown below in Figure 4.7. Tte qate with the
exception of the Hero role, be assigned to any available chardet satisfies the
appropriate criteria. The roles are dynamic, with charactgpable of being assigned a
number of roles, and the roles can be occupied by different charactersrantiifaes.
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These correspondences have been minimally adjusted from thosbedestri
Propp's work, to allow for the distinguishing between the Hero and yamials, and the
King and Princess roles. When an NPC is assigned to a rolecdhethen be given a
storyGoal to carry out a function that belongs to that role. Thetibn type is chosen
based on the temporal stage the current move is in, and the verb andeneitinea taken
directly from the script, or extrapolated from the availableusses in the game world.
There is a constraint-satisfaction-like system that doesytiss not as mathematically
rigorous as the work generally done in that field. This sysgeimplemented as a rule-

based component more fully desribed in section 4.6.3 and Appendix B.

4.3.2. Character

Characters are modelled as semi-autonomous agents. This meacartiyeyut
some actions and deliberations without instruction from the higher-$fveagent. The

characters are modelled on a number of different levels, shown below.

Low level - for example, collision detection which avoids nearby atbjand
characters as they get too near. There is a state machine which &elejd what
the character is doing.

Idle behaviours - When an NPC does not have a goal to achieve, thesecatee
behaviour such as patrolling around a house or following another NPC. These
behaviours are assigned by the story author.

Social simulation - the NPCs use a basic gossip algorithm aondminbther
characters of events that have happened to them, including other @ossip.
The order they have met the other characters can initiallgtdietho will be the
target of their gossiping, until Attitudes have been formed throughstibry
events, or by the explicit authoring of Attitudes before the gaamtss Section
4.3.3 and section 4.5 will more fully describe the social simulation.

Attitudes - characters develop ratings for characters thedactt with them, and
characters that they hear about via the gossip algorithm. Tmegnmber the

specific events that caused these rating changes, so thepssip about them.
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Attitudes are one-dimensional, (like/dislike), but the model coulsilyede
extended into more dimensions, such as Crawford's extensive mudtisional
model [Crawford web].

Targeted behaviour - The SD agent assigns storyGoals to charauted the
characters search for the object of a goal and execute itn \Wdngeted, a

character will not execute idle behaviours.

The model is not advanced, and more complex systems are found in ama@y, g
but it serves our plot-focused needs, in line with Szilas' conteritaincharacters in a
story must primarily serve the plot [Szilas 2002]. Chara@szsall based on this model,
including the player character. Although the player directs theebaf their character,
social ratings and attitudes are formed without the player'sotoaticording to the same
rules as the NPCs. This is both to enable a player to switcled®etgontrolling different
characters, and to help the SD react to player actions witheuihg to model the
emotional state of the player themselves, an approach beingteteby some [Szilas
2003]. The idle behaviours are disabled, but the player character eamsigeed a goal
through the player interface. The abilities that characters laee dictated by
actionObjectghat inhabit the world. ActionObjects can be picked up, dropped, @&id us
on both other characters, and objects in the world. The author definesolybeis
correspond to each verb that will be required by the SD storyGaradsalso defines
attributes of the actionObjects, such as how they will efegtitudes when used.
ActionObjects need not only represent embodied entities in the world, and it was found to
be useful to treat abstract actants in the game as action§)bprcexample, a problem
that a character may have.

4.3.3. Thought

Aristotle's thought layer concerns everything tlsaisserted to be or not to e
the course of the action. There are events that take place iartteevgorld, divided into
storyEvents, and just plain events. StoryEvents are those that é&lechgcause the SD

initiated a storyGoal which was carried out, and those that tlyerptharacter causes in
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response to a storyEvent. Everything else, including gossiping, jaletyens not directly
related to the plot, and NPC events that are generated throufrrttieg of attitudes,
are just events. However, the gossiping system does not distingwegbebethe two
kinds, and the attitudes are a system whose dynamics are basedstory events being
fed-back into the system to influence the character dynamicshwhil in turn influence
the SDs deliberations on what plot to next introduce, and how to énkrcthis way, an
interactive complex system is created, which allows a playeletermine the way that

their character is perceived in the artificial society.

Figure 4.8 shows this feedback cycle in more detail.

1. The SD evaluates the most suitable character for a givenamdl assigns the
current storyGoal to that character.

2. That character then performs the action, causing an event énhy mharacters
are alerted of so they can act as witnesses.

3. This event causes a change in characters' attitudes about thehdvecters
involved in the event.
The player can react to the event, which changes attitudes further.
Characters gossip about the event to characters that they hdive @dstudes
about.

6. The Story Director bases future deliberations on these attitudes.

Figure 4.8: The Dynamics of Events & Gossiping
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This architecture is fundamental to the unfolding of the story fronplénger's
point of view, and means that the SD abstract plot functions can leel lmsan
interactive social simulation, with causal links between eventsotharwise are purely
temporally ordered. This symbiosis of the two levels of charactérplot is vital to the

story as a whole.

4.3.4. Diction

In order to carry out the actions that are required of the deesa@a crude
dialogue generation system is used. This functions well enoughréder to the objects,
characters, and verbs in the game world. All of these are ginama, and the dialogue
is generated based on simply stringing them together in siagterges. Although this
approach is very limited, it could be extended, incorporating more exmesatural
language generation. The player can only talk to other chasassang references to
objects and characters that they have encountered in the gantethesisame sort of
speech acts that the NPCs do.

Adventure games, both text, and graphical, have used dialogue to geeatieff
convey characters and situations, and automatic dialogue is not guabkletlto match
this expressivity. Using flexible sentence fragments inakbodue engine could help this,
but since many games are now using pre-recorded speech for djatbgte is a
fundamental incompatibility with all current forms of istory aedorded speech. | don't
see a general solution to this emerging in the near future, vallmhs the artistry of
voice acting along with the flexibility of istory, but an inma@five use of speech
fragments and patient voice actors could go some way towards it. In OPlifie sext
fragments that are combined with references to game woritleents enough to get
across the events of the story, along with simple animatedayssmf the use of
actionObjects. Some pre-authored generic lines were also usedioasseeif the SD
cannot find suitable verbs or nouns currently available in the garid. This was not

planned initially, but was found to be necessary in some cases. &uoplex to execute
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the pursuit funtion if a suitable action is not available, a character aaplgichase the
hero character, saying "You'll never escape!'.

4.3.5. Song

Sometimes known as the ‘pattern’ level, Aristotle used iefer to the use of
melody to give pleasure to the audience. Brenda Laurel [LA9@1] postulates that
instead of seeing this melody as pertaining to purely aural phenomena, th@lessiof
patterns in the story is what Aristotle was referring to. ptay within a play' in Hamlet
is a well-known example of a sub-element that alludes to therlpige The use of
repetition, of motifs and of plot devices, emphasises certain pagtstofy and can give

the audience the impression of a unified structure.

Fractals, the existence of self-similarity at differempdlogical levels, can be
found in many natural phenomena, and has limited applicability iftcciaft creations.
Some poetry has been found to exhibit some self-similarity, acahitalso be found in
the work of artists such as Escher and Dali [Mandelbrot web]. Keoadvantage of this
technique, it was proposed to include a method for making certain etadetson
structural features of higher-level plot functions. This could be donetroduce new
characters, to emphasise events and to foreshadow. However, shi®tvanplemented
in the final system, as the higher-level plotting is highly delpat on the player's
actions, and the SD plotting is done on a more immediate, short-tasm, bhus, there
would not be a simple way of including shorter elements than therwes that are
already present. Reversing the direction of self-similariuld be an option for an
implementation of this, however, and a higher-level plot could be plannesd lzas
combination of the current finer-grained plotting fragments. Thiednitevel plot would
then be dependant on the collection of plot moves that the player haeecge - and
that they have caused - and would also have a fractal nature. éénss 90 be a
compelling way of integrating Aristotelian patterns with AQPE, yet was not

implemented due to time constraints.
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Since repetition is another way of patterning events, thergoane functions that
can be repeated, as a means of trying to convince the play#etadtion. The sequence
of Donor functions - Test, Reaction, Receipt - is often repeatetbppB corpus, as the
hero often fails to achieve the proper result the first tinoeirad. Whole sections of
moves can also be repeated, with tale no. 114 (frrom [Propp 1968))imgpiat donor
and pursuit functions. This repetition is handled by the SD, which chedke oesult of
hero functions, and schedules repetitions accordingly, and repetitdgoisontained in

the plot scripts themselves.

4.3.6. Spectacle

The graphical models in the games were all coded in native Qpprdséedure
calls. Appendix C contains an example of the code used for modelsnandtians.
Because native OpenGL calls were used, animation and modellingegsated. There
are tradeoffs involved in choosing this approach over doing the modellseparate 3D
modelling software. It's easy to alter models and animations ukmdapply code
changes' while the game is running, in Visual C++. This engbieker implementation
of the graphics, which were only a means to present the stoaesag that people could
appreciate, and not a focus of this project. The models are not of amiagle quality,

but this was not a design requirement.

Three demo games were developed to test the functionality TEP What
follows is a description of the character models and map layouteirthird and final
demo game developed, 'Bonji's Adventures in Calabria'. The first anceg will be
briefly described later. The main character in the garni&oigi', the player character and
hero of the story (Figure 4.9). Also pictured here is 'Snomm'ystemous levitating
witch. "Trivmaj' is a magician who has control over the wind. Thlseacters reside in
and around an initial locale called 'Leptown’'.
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Figure 4.9: OPIATE Screenshots

After Bonji finds a way to escape Leptown, he finds himselfriatlzer strange
locale with a Party happening, lots of balloons, and some strange aomonshi(a la
Nintendo's Mario games). This area is inhabited by party-gd&sk, Nige, and Dec,

along with Gilmer and the mysterious Spicter (Figure 4.10).

Figure 4.10: Characters in the Demo Game

Somehow, Bonji finds a magic carpet, and enters the third locadered in
grassland and including the giant, 'Gronk’, and a tribe of Jangs¢MH.11) — as seen in
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Star Wars by Lucasfilm. The main challenge in this finehanvolves removing a river
dam that is preventing a large tree from getting enough water to survive.

Figure 4.11: OPIATE Screenshots

There are 28 characters in total, spread through 22 locations.ybo ¢d all the
locations in the game is shown in Figure 4.12 below, divided into three locales. Bonji will
travel from the first locale to the second by means of a Wwihidl object, and from the
second to the third locale by means of a 'magic carpet'. Tiigsets are present in the
game world, and can belong to any of the characters. The whirlniiedly belongs to
Trivmaj, who is cast as the Villain in the first locale, althoubis can change. It is a
matter for the SD agent along with the character dynatoicetermine when and how
these transference events happen. There is free movement withiaf¢he three areas,
and limited movement between areas.
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Figure 4.12: The Map Layout of 'Calabria’

Aristotle's meaning for spectacle was different to that used, leen taking
account of the switch of context from theatrical drama to comgatees. By spectacle,
he meant the events that occur in a story that have a strsug element to them, such
as a romantic firework scene in a love story movie. However, #ii¢epresentation of
these visual aspects of the design, the flow of an OPIATE story, from the puietvodf
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a player, will be clearer to the reader. With the Story Dareagent controlling the plot,
the most effective way to author a story for this systertoislefine the characters,
locations, and possible interactions, so as to influence the oveogitepsion of the
player, leaving the details of how the unfolding of the story cdo the SD's
storyGoals, and the game's dynamics.

The transference events between locales are strongly viswhlthase could be
considered Aristotelian spectacle, along with an area in thg''fzarale, where balloons
are strewn around and can be kicked with some physically simulatediryplard
colliding(Figure 4.13). This was put in the game as a way of gjithe player something
to see, and the balloons can also be used as objects that chavanteihe visual is the
lowest Aristotelian level on which the story takes place, ancdesdahe purposes of the
higher levels, yet it has a considerable impact on the play@esience of the story. The
visual motifs used in the game have the biggest influence on the'plagaception of
the storyworld, with each character seeming to have its own pétgor&pectacle
resides at the end of the formal chain of storytelling,tas the final layer that is

informed by all the others.

Figure 4.13: The Use of Spectacle
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4.4. Architecture

The overall architecture of the system takes account of the eetpnts and
functional specification presented above. The Story Director(SBjlés the plotting,
goals of characters, initiation of story events, and some pateafievents. The game
engine handles the social and lower-level character dynathigsgossip events, the
dialogue generation, and the graphical display. The player ineerfantrols the

movement of the Hero character, and its interactions with characters ang.object

The SD uses a case-based planner, using as a case libraryg Poopps of 44
story scripts (seen in Appendix A), with a total of 80 plot moves therein. Story ltage
either 1, 2, or 3 moves. Each move is represented as a case. Tee@Dtrck of the
currently active move cases, the current function of each move, araipaty
evaluates the game world state to update the assignation of Rbkegjame engine
updates the characters, handles events, and draws the curréiunlafathe hero

character. The overall architecture is shown in Figure 4.14.

Although the OPIATE system was initially implemented ashglstplayer game,
a multiplayer networked extension to the system was desigmdnralemented. This
was because although the development of istory is attractiveoto plhyer freedom of
choice in single-player games, the paradox of this is that therplaly still have a linear
experience of the story, no matter how they choose to play throwgimiore compelling
motivation for the development of istory can be seen in the curreqggnding MMOG
(Massively Multiplayer Online Game) market. Players of ¢hgames log onto a shared
gameworld and experience the game along with thousands of othersplaysgypically

immense environments.

A big stumbling block that story authors for these games haveytaiate lies in
the fact that players can each choose their own path through atye with their
characters teaming up and falling out with other player cheasaas they see fit. In order

to tell a story in this environment, authors have resorted to a number of mechanisms, such
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as: (a) 'canned quests' that any player character canedéaeivan NPC, (b) large-scale
plot arcs, that players are informed about through exposition, that cannuefzeted
with significantly. (c) Devices that govern NPC's loyaltised on a player character's
group affiliations. These mechanisms often lead to experiencearthaot very story-
like. A promising use of a system like OPIATE would be as & stivector for the NPCs
in a MMOG, which reacts dynamically to player charactdtguees for each other, and
for NPCs. The architecture of OPIATE seems to be conducive tosthia networked
version of the engine was developed. A client logs onto the server, whigies the
game world and SD, and controls one of the characters in thegame€simulacrum'
client-side world. This is updated through a connection manager whichuwtopates via
UDP sockets with the server. Figure 4.14 shows the overall syatehtecture,
incorporating the multiplayer component. The single player game tlm@ssame
architecture, except that the character interface is pluggedylireota server-side game
character. Another key difference is that the SD has to beeaa number of different

player characters, and schedules a different set of story moves for each one

Figure 4.14: Overall System Architecture
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4.5. Game Engine

The 'main loop' in computer games updates all entities in the wiodd's them,
and processes player input. The entities that need to be updatedAmE3Pgame
engine are the characters and the objects. Characters ar@shemportant, and only
some objects need to be updated, as most active objects are medipulaly through
characters. The character modelling, as shown in section 4.3.2,dsdliato low-level,
idle, gossip, attitudes, and goal-directed behaviours. The chasachétecture is shown

below in Figure 4.15.

Figure 4.15: Character Architecture
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The selection mechanism simply chooses the highest level bahatiat is
currently pending, and executes it. If a goal is present, sanihlgossip events are
disregarded, and if a social or gossip event is present, the idkdngisaare disregarded.
Goals are pursued by simply navigating through locations until tgettas found. The
search is basically random. When a character is looking for bometit chooses a
random portal from those available, and enters it, providing that indagist arrived
through that portal. This means that characters can seem to be kandorimg through
locations, occasionally doubling-back on themselves, yet this is mbogemf than
maintaining a search algorithm. As there are no more than thredsparany location,
and up to only nine locations in a locale, characters always find tHrgets with no
difficulty. The doubling-back is not entirely a bad thing, as this affely results in a
type of breadth-first search, instead of a depth-first search,candalso make the

characters seem less like deterministic machines.

Once a character can see its target, it will exe¢utased on the parameters of
its goal. If the goal is to use an actionObject, then thisheillone, along with a display
of any generated dialogue from the use of that actionObjecttaiige of goals that can
be executed are all initiated by the SD, and will be descitb#te next section. Because
different character functions can be composed of the same adtiens,are less goal

types than the 31 character functions.

Attitudes encompass a character's memory of all previoushesded events,
categorised into events concerning each of the characters thatahe met or heard
about. Each attitude consists of a reference to the subjectcidraran integer value
between -10 and +10 (representing dislike and like, respectivelyy alibin a list of all
the events that have contributed to that value. These attitudes deteéhmigossiping,
and if a more extreme attitude (set to either -5 for dighke5 for like) is held, the
character can spontaneously perform either positive or negativvmsa on the subject

character.
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To illustrate using hypothetical characters A, B, and C, Charak performs
gossiping by taking a recently witnessed or heard-about eventalinaytabout the
subject character of that event, character B, with the targgissiping being a character
C for whom character A has a positive attitude. The gossipingresttits in the
generation of dialogue, which relates the event to charac€h&acter C then modifies
its attitudes to character B, depending on whether they likeaciea A. Equation 4.1

below shows how this works, with XaY denoting character X's attitude for ¢céahac

given: AaB, AaC > 0, CaA, CaB,

CaB, = CaB, + AaB™ —— " W
CaA

Equation 4.1

So, if C likes A, it will add A's attitude to its own, but if not,will add the
opposite attitude. The term MW= 1 if the event that is being gossiped about was
witnessed by, or if the event directly concerned, charactemd\\ = 0.5 if character A
was informed about it via another gossip event. These simple mdalft m quite a
dynamic system, with ‘cliques' forming, and news of events lzbgsgminated through
the set of characters. Whether the model is completely atecur simulating human
social behaviour is beside the point, as such a model could be extended almos
indefinitely, and for our purposes it is enough, in that it provides alaiion that can be
interpreted by the player as a dynamic social system.

The author of the storyworld can define some 'back-story' eventsnthally
dictate attitudes, or characters can start with no events andlegt These attitudes are
functionally exactly the same as those generated by in-garaetse and can be
overridden as the dynamics of the social simulation systemgssgg. Another means of
authoring characters is the use of idle behaviours. Charactetakeaa number of types
of these behaviours, from guarding a location, to following another ¢baeround, and
they can also be reactive behaviours that only occur if cextanditions have been met.

It was also found to be useful to allow new behaviours to by confémredgh the use of
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certain objects. This can happen if, for example, character Asos®s object to capture
character B. A behaviour to follow character A will then be dddecharacter B. Some

behaviours can also be higher priority than others, overriding gossip goals.

ActionObjects are the authored means of interaction, and can be pigckeom
locations, dropped in locations, given to other characters, and useldacacters and
objects. Each actionObject has its own animation, and effettteda#t in its own way.
Some of the actionObjects authored for 'Bonji's Adventures in Calabria' are sHown be
in Figure 4.16, along with the integer value that they change a charatiierde by. One
notable exception to these actionObjects is the 'problem’ object) wduicbe defined by
an author as a requirement of a character for a certain olhect. These 'problem'’
objects can be created, if necessary, by the SD agent, aislttilesonly way the SD can
directly influence the storyworld apart from the assignatiostafyGoals, if a plot move
requires it, and there are no author-defined problems.

4H=5 6 435 | 4HAG.

Figure 4.16: ActionObjects

Low-level activities primarily concern movement around the looati steering
to targets, and collision avoidance, along with perception. Collisiordavoe uses an
algorithm like those used in A-life flocking algorithms. The mechansteers away from

characters or objects that are too close, with more accentuat@ty depending on how
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close the entity is. These mechanisms are shared by the plemcter. The steering
mechanisms implemented in this work correspond closely tguhsuit wander and

collision avoidancemodels that Reynolds describes in [Reynolds 1999].

The interface allows the player to directly control the Her@msement using the
keyboard, and whatever the Hero is currently pointing at isdbesf object. This object
can also be selected on screen with the mouse. The focus obijket target of any
commands that the player gives. Commands are given through thetehaeantrol
window, shown in Figure 4.17. The game engine displays text over aratdetads to
show speech acts, which are generated using simple sets ofimulles case of a story
event, one that is initiated by the SD, the text is overlaicherstreen to emphasise the

dialogue. This can be seen in Figure 4.18, below.

Figure 4.17: The Character Control Window
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Figure 4.18: Dialogue

4.6. Story Director

The SD agent is the main focus of this work, as it is respongiblalfplanning
and scheduling of storyEvents. Any innovation in the OPIATE systeito be found
here, although the design of the system relies heavily on draweimgepts from other
projects. Although Propp's work, and its correlation with the Oz grojes my initial
inspiration for the project, the concept of using case-based planniaghteve the
synthesis of plot-based and character-based istory is vital. i2@sel reasoning is less
well known than ANNs and GAs in the general perception of Al teclasigyet it has
been applied to storytelling in 1992 by Turner, although this was fmmnanteractive
system. There is more current interest in using this approach for intesygteens, yet it
is relatively recent [Gervas et al 2004]. The overall visionhef OPIATE system as a
storytelling medium was governed by the mechanism of using (QB#th Propp's plot
scheme (Il) in an architecture similar to the Oz architec (Ill), within a social
simulation that is interactive (IV). This combination of these fpairadigms is what |

propose the relevance of this work consists of.
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The design of the SD consisted of using case-based planning meahanism
alongside an implementation of Propp's rules and conventions as ansgspart. In this
discussion, we will first discuss the case-based planning sy$tesmcase library consists
of 44 text files that were created by adapting Propp's coopile tform of a script that is
parsed by the SD when it is initialised at run-time. The m®oé this adaptation, which
elucidates the case representation, is described in Appendix A. Wi&D parses the
scripts, each move of each script is converted to a distieetfoa the CBP system. The

links between a script's moves are preserved in the moves' representatisesas

4.6.1. Case-Based Retrieval

The case based planning system uses a k-nearest neighbour algorifimah
suitable cases based on the heuristic shown below (Equation 4.2). Tletichean be
termed suitability metric, instead of the normal similarity metric used in chased
systems. It finds the most suitable sub-plot to be enacted giverutient state of the
characters and storyworld, taking into account attitudes of the thador each other,
and for the player character. The core features that are usleid metric concerroles
andactions Roles are occupied by characters when they are enactigdstotions, and
the relevance of a character to a certain role is calduls@sed on past and present
attitudes and memories concerning the player/hero character, anthérecharacters.
Actions are enabled lgctionObjectghat occupy the storyworld, and allow characters to
perform distinct types of interactions. They can all be picked up,ngteeother
characters, and gossiped about.

Ln
Sn= (Wr*Sri) +(Wa* Sai) /Ln

i=1

Equation 4.2

Where Sn is the suitability of case n, Ln is the length in fonstof case n, Wr
and Wa are the relative weights attached to roles and actimhsSraand Sai are the
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suitabilities of the roles and action(s) present in function iisSgiven by Equation 4.3,

and Sai is given by Equation 4.4.

#C
Sri = Raj

j=1

Equation 4.3

Where #C is the number of characters currently available t8@Phand Raj is the
relevance of character j to the role given by function i. Thevaglce of a character to a
role is calculated based on a per-role basis, using a set sfthalehave been created
based on Propp's description of the roles. These rules are desatdvad this section.

Some functions require two roles to be filled.

#A
Sai = Rak
k=1
Equation 4.4

Where #A is the number of actions currently accessible to thdalatea
characters, and Rak is the relevance of the actions tatioasarequired by function i.
The action relevance values are binary, as an action objeat feilfile the action given
in function i, or it doesn't. The author of the storyworld must annotateaionObject

with the verbs that it can be used to perform, and the nouns that describe it.

4.6.2. Case Combination

Once a list of suitable cases are found, ordered on suitability thee quicksort
algorithm, a decision is made to use the most suitable case, bmeorases to get a new
one. If a hardcoded threshold suitability is reached, the formerechdlicoccur, but if a
combination of cases gets a better suitability, the lattéroatdur. Combination of cases
is done on a per-function basis. As each function has its own suitabtlitg, the most
suitable can be interchanged with less suitable functions itatbet case. This is done
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by taking the longest suitable case and replacing its lesabkuifunctions with
equivalent, but better scoring ones from the second or third ranking cases.

An important element in combining cases is to maintain integrity of thelstesct
when they are transferred, so Progpsupingsof functions are used to facilitate this. If
a function is selected for transfer, and it has associatetidos from the source case,
these are also transferred to the target case. This cahreptacement of target case
functions, so when the new case is constructed, it is reassessaddbility. The groups

are only of two or three functions, so this is not a difficult operation.

Figure 4.19: A Flowchart showing the Planning Process

At decision diamond A in Figure 4.19, a decision is made betwerg asingle

story move, or combining two or more moves to create a nesv ¢ass can happen if
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one move has certain functions that are suitable, with some &éhabarAnother move
can supply more suitable functions to replace them. An example @ebdelow, with
the two moves in Figure 4.20. Both of these moves have elements thattabée for the

hypothetical storyworld state shown in Figure 4.21.

villainny expel ; villainny capture (helper ;
mediation transport ; donor quest ;

departure ; reaction ;

donor ; provision ;

reaction ; task ;

provision (helper ; solution ;

donor test ; wedding marry ;

reaction ;

provision (wanted ;

return ;

"145 "145

Figure 4.20: Two Move Scripts

Move (a) features a Villain, a Mediator, a Donor, and a Helpet,the verbs
‘expel', 'transport’, and 'test’, and a 'wanted' object. Movedh)rés a Villain, a Donor,
King, a Helper, and a Princess, and the verbs 'capture’ and 'madyg quest object.
These roles can be taken by the characters shown below, and the ehf@eh below
can facilitate the character functions. Not all required verbs are preseithr move.

The SD will choose to use the available resources (shown in Figure 4.21) to create
a new move case, by selecting the two moves' most suitableofusycind combining
them by replacing the most suitable move's least suitabléidnac Because the verb
‘expel' is not available for move (a), the villainy function froroven (b), which uses the
available 'capture' verb, will be substituted. Character B wiltdst in the Villain role,
and will receive the subgoal of acquiring object X, in order twycaut the villainy

function.
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Figure 4.21: A Hypothetical Local Storyworld State

Propp's groupings of functions were not used to combine these cases,yaad onl
single function was transferred to the new case.vilkeny capture (helper jine from
Move (b) would be linked to the liquidation function if it was preseng tunction that
uses a Helper character. Groupings are done through these two reehdhe groups
that Propp defined, and groups that share nouns. Groups that share n@ros@ed so
that entities that were involved in previous story functions willdbevant for later ones.
The groups that Propp defined are shown in Figure 4.22 below. If &oiufiom one of
these groups is selected for transfer into the new case, likes aire automatically
transferred, replacing any identical function types in the saase, to avoid repetition.

A more involved example scenario is shown in Appendix E, which showstihese

groupings are used to combine cases in OPIATE.
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Figure 4.22: Character function groupings

4.6.3. Casting as Case Adaptation

Once a suitable case is selected, it must be converted fristno& dbstract story
functions into a series of events in the gameworld, interpretablthédyplayer as a
storyline. To this end, the story director uses a castingrsystach dynamically casts
the NPCs into eight of the nine possible roles. The roles, previoaBhed in section
4.3.1, are: Hero, Villain, Mediator, Donor, Helper, False Hero, Prindeamily, and
King. The hero character is always occupied by the player, evémeyf don't act
particularly heroic. The usefulness of Propp's schema would be reifiubesiwas not
the case.

These roles are cast as a move needs them. Once a caserhaslécted for

use, it is cast as a move, whose progress is tracked by thEh8Doles required of the
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current move are dynamically cast as the move is being énact¢hat, for example, an
NPC can take the role of a Donor, and later can be the Fais#httie player/hero

character falls out of favour with that NPC.

Casting is done using a set of criteria for each role. Thenvilide is filled by
the NPC that opposes the hero most, with the most antagonistidedtibvetween them,
or else is an NPC close to that NPC. In this way, acts lafingl can be carried out by
‘henchmen’, depending on availability of NPCs. A Mediator can beN& that is
available and nearby, even if the NPC is antagonistic to tlee ike Donor role can be
filled by an available NPC that has not met the hero or hagllglpositive attitude.
The Helper is filled by an NPC as the fulfilment of a pesitprevious encounter with
the Hero. The Falsehero must be a NPC with a previous positive attitude to the Hero, who
has either developed a negative attitude, or else has developedie @tstude to the
Villain. The Princess role is one that an NPC with a positititudé to the Hero can
occupy, or an NPC that has not met the Hero, but has been pre-auth@equbssible
Princess. The NPCs with positive attitudes to the Hero caakalthe Family role, and
the King is taken by a powerful character, that a large nuofograracters have positive
attitudes to.

The specificity of these rules was formulated using a famyliavith Propp's
work and its applicability to the game engine that has beenagmal yet they could be
editable through a toolkit if this system was to be used for ottmeegarhe rules are not
arbitrary, and have been designed to maximise a sense of bdiigwabihe NPCs in
their enactment of moves. These rules are the same as thosbyuexl case based
planner in determining how suitable character functions aregjde in the current game
situation. A code listing showing these rules in more detail, in, G3 available in

Appendix B.
Once an NPC is selected for a given function, the means ofngaityout is

selected through a search of all actions available to the NPC. An NRf ¢gaven a sub-

goal to find and pick up a required object, or it can be given to ihbthar NPC. This is
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tracked by the SD, and when the sub-goal is accomplished, the ctbrigGssigned to
the relevant NPC. The enactment of the story function consistsdaid the target of the
function, animation of the actionObject, and the generation of suiktidéor dialogue.
Descriptive or emotional text is not used, and syntax is keptneslyesimple. Despite

this, a story can be seen to emerge based on the simple dialogue.

4.6.4. Player Feedback

In the diagram showing the overall planning process, Figure 4.19 fourdtiars
4.6.2, decision diamond B shows where player feedback is evaluated. Aakene fef
the SD agent is that it is focused on the player charactemastiadapt its plans to the

interactions of that Hero character. There are three distinct wayhithet dlone:

Move Selection- Being aware of the NPCs' attitudes to the Hero and eaeh, ot
and selecting moves that fit that set of attitudes.

Move Casting - Using these attitudes to cast the NPCs in roles thiactahe
way the Hero has interacted with them.

Move Initiation - Initiating a new move selection if the Hero moves outside the
scope of the current move. This is also done if the player camystefuses to

provide a positive reaction to one of the Hero functions in the current move.

The Hero functions are: Violation, Counteraction, Reaction, Victorsiy&ly and
Solution. Repetition is a device much used in folktales, and Proppthate$e 'tripling’
of hero functions is common. This device has also been used in computs, gaith
'three lives' being a common feature of early games. Thus, tbdumetions have three
chances of being positive, with the appropriate functions being triplgdttéeedback.
The groupings of functions are shown below in Figure 4.23. If a timeaetched, the
function from column I is repeated, until the appropriate hero functmm frolumn I
has been achieved by the player character. If, after thpetitrens, the hero does not
react, a new move is selected for enactment. The old move bedonmeant until the

player provides the appropriate feedback.
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%

Figure 4.23: Player Feedback Function Groupings

4.7. Multiplayer

The decision was made to implement a multiplayer version of time,gas the
application of istory could arguably be more useful to authors stimely multiplayer
games. In these games it is impossible to create personalses $or players using
completely pre-authored scripts, therefore a multiplayer OP&& designed to test its
applicability.

An important component of the multiplayer version is a copy of the geoniel
that is updated on the client as required. At first, a versionmglemented that simply
sent interface commands to the server, which updated all gantk embities, including
the player characters. This was rejected because respwmssvef the game was
negatively affected. A connection manager was used on both client rared sdes to
maintain consistency with the client-side and server-side worlddy @e current

location of the player is updated on that player's client.

The SD maintains an independent set of moves and related rokscfoplayer,
which are planned and cast just as in the single-player versioaug®the same set of

character dynamics and social simulation governs the SD's dildmer for each player,
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although each player's plot is different, they intertwine in teeactment. Each player
controls a Hero character in its own story, but if Hero A hasnamy character C that is
Hero B's friend, C will act in both Hero stories consistentithwhe player interactions.
This is a powerful mechanism, and indicates that OPIATE has matential in
multiplayer environments, but the multiplayer architecture is releable. As each new
player requires its own moves and roles updated on the servereaw#irnot be able to

handle thousands of players.

An improvement to this would be to have client-side story directorshwdend
messages to a central server to assign storyGoals to NP€svduid be more scaleable,
and seems like the best way to go; however, this was not implemastehere were
other problems with efficiency and network lag that were implertientdependent.
Another problem was maintaining consistency between the server liantl game
worlds. This is a common problem in online games, and a number of advahdezhs
are used. A method of interpolation for determining character @ositbetween the
positions that are messaged was used, but resulted in some grkinebaracter
movement. These problems indicate that in the future, if OPIATE I tested in a
multiplayer environment, a separate commercial game engine sheultsed, which

would eliminate many of these problems.
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5. Implementation & Testing

5.1. Introduction

The OPIATE system was fully implemented in C++, using therddoft Visual
Studio environment. This is a standard development environment, and thé Gse o
facilitates efficiency in the often resource-hungry progratmat make up computer
games. Over 12000 lines of C++ code were written for OPIATE. Theexaeptions to
the use of C++ were the abstract plot scripts, that were authored akegtidsed on my
analysis of Propp's corpus which was taken from appendix 11l oppP1968]. Appendix
A shows how Propp's schematic representations were adapted to form tipése scr

Taking an object-oriented approach, the components of the architecttee we
divided into two main areas, the game engine, which incorporgtleyer interface, and
the story director. Implementation proceeded by initially angahe game engine with a
simple interface, with a skeleton story director implementationl, developing the
complexity of the game world in tandem with the story direct@afsbilities. There were
three milestone demonstration games developed and tested, each lofinebiporate

different features of the system.

This section will first describe the object classes thatem# the system, and
how they work together. Then the incremental testing will tseriteed using the three
demo games as examples, and finally, the integration of the system will besédscus

5.2. Object Classes

5.2.1. Game Engine Classes

The game engine consists of game world classes and intetéases. Apart
from the basic windowing and input handling, there are other intefasges such as the

'InfoPrinter' class, which handles the output of text from the worlthe interface. The
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multiplayer component uses both the 'ClientManager' class, whicages the client list
on the server side, and the 'WorldConnection' class, which handlesatiséetr of

information about the game world on both the client and server side.

The primary game world classes are the 'World', 'WorldOpjaat 'Location’
classes. The 'WorldObject' class is inherited by the 'Cleatractd 'Object’ classes, and
incorporates information about the location, orientation, and size, oesrttiat inhabit
the world. The 'ActionObiject’ class inherits from the 'Objdats; and represents objects
that can be picked up and used by the characters. The game worldhietasshy is

shown in Figure 5.1.

Figure 5.1: Game World Class Hierarchy
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All game world 'WorldObject' and 'Location’ classes haveupdate() and a
draw() method, which are called by the 'World' class. The other gaarkl classes,
‘Attitude’, 'Reason’, 'GossipGoal', and 'Behaviour', are used b@hbeacter' class in the
social simulation algorithms. As described in the Design sedafothis thesis, the
character simulation works on a number of different levels. Chasacteintain linked
lists of both Attitudes and Behaviours, and if a GossipGoal is adtivell consist of
talking to another character about an Attitude, along with anyciated Reasons.
Reasons are references to game events that have been expgemetmassed, or heard
about. Behaviours are assigned to a character, and if idle) gxeitute all its assigned

behaviours.

ActionObject classes all have distintde()methods, that dictate how the use of
that object will effect the target entity. Some actionObjeza only be used on
characters, some on objects, and some on both. The graphical displaghafracters,
objects, and locations, are done using native OpenGL procedure caldofieent of
the graphical models was done using the 'Apply Code Changes' tool+it, Which
allowed models to be created and animated quickly, with alterdiging made without

having to stop the program and recompile the codebase.

5.2.2. Story Director Classes

The SD classes occupy three conceptual categories;cthsseserve to give the
SD aworld view and enable it to sense the dynamic game world; classesthattse
case-based planning mechanism; and classes that enable a pkradapted to the
current game world, and enacted in it. These three areas of operation arkecbioyrthe
central 'StoryDirector' class, which utilises the threegmates of classes to further its
aim of directing a player-centric story. Below, Figure 5.2 shdwstocess relationships
of these classes. Unlike in the previous diagram, the arrows do preseat class
inheritance relationships, but process relationships that show how itfmmmia

transferred through the classes as the system executes.
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Figure 5.2: Story Director Classes and Process Relationships

The world view classes handle perception of the dynamic system of the game
world, by encapsulating currently relevant information in wrapperisetasThe current
location of the player character is noted by a ‘LocList’, whicintaias the currently
neighbouring locations of the player character's location. The 'Ghaph\&nd '‘ObjWrap’
classes are linked lists of the available characters and ®hyébin the locations given
by the 'LocList'. The 'WorldCase' class packages this infaowmab that the case-based
planning can effectively compare the current world situation witHiltinery of abstract

plot move cases.

The 'StoryCBR' class handles the case based processing tali$esi with the
'StoryParser' class, which reads the case library ofitestfrom disk and converts them
into a set of 'StoryCase' classes, which are composed ofoh 1&oryFunction' classes.
The 'StoryCBR' class outputs the most suitable plot move for éxeaiven the current
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state of the player character's location and situation. This rsa¥em converted into a

'‘GoalStack’ for execution in the game world.

The 'GoalStack' requires a certain set of roles to betakeich is represented
by the 'Cast’ class. A 'Cast’ consists of a set of refeseto game world characters, along
with the roles that they are assigned to, from the 9 rolesildedan previous sections of
this thesis. Each move (‘GoalStack’) will have a 'Cast' obg=igned to it, so that if the
move becomes dormant, it can be re-activated with the appropriateAcaarrently
active 'Cast' list is constantly maintained, according to laacters' social simulation
dynamics. The current 'StoryGoal' is assigned to the most appeophiaracter for the
required role, and that character will enact the StoryGoaltimgea 'StoryEvent' which is
registered, with the next goal in the GoalStack becoming attien (a) a GoalStack is
complete, (b) the current GoalStack is not making any further gssgor (c) the player
moves into a new location with different characters, a new GuS$ selected using

the 'StoryCBR' class to compare the current game world state with ékbcasy.

This SD cycle was implemented to spread the computatiortsofarious
activities out over a set time interval. The cycle is divided sections that can be
performed at discrete times. This helps performance, and ensatéise framerate of the
game does not suffer at points in the execution when the SD istiexea task such as
case selection. The cycle is divided into; (a) getting infaonatbout the world state, (b)
move selection and combination, (c) move adaptation and (d) move assignation.

5.3. Incremental Testing

Although architectural design was decided early, detailed digadt design
proceeded along with experimentation with implementation, withetlkréferent game
worlds being test-beds for different elements of the OPIATReBys The three
demonstration games each implement a subset of the featurdaATE The first, a
simple proof-of-concept demonstration, was called 'Bonji and the MEgaout’, which

used the short script shown in Figure 5.3.
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villainy Fools! | took their Magic Stone! HAHAHAHAH A;
mediation find the Magic Stone, | beg you ;

donor give us a hand would you? ;

reciept heres a lucky peanut ;

guidance just use the force ;

struggle you will never beat me! ;

struggle oh no! you have the magic peanut! ;

strugge take the stone, just dont hurt me! ;

mediaion yaay! the Magic Stone's back ;

victory Happy days are here again! ;

&6 ; & (

Figure 5.3: Initial Demo game script

The script was enacted in a flexible enough way, with one dkanae-defined
as the Villain, the player character as the Hero, and otheaatbes taking the roles of
the Donor, the Mediator, and the Helper, depending on the curretibtoothe player.
Script lines were enacted by simply displaying the pre-authali@logue over a
character. There was no case-based planning, and no social simulation, angetheapla
no means of interaction with the system apart from movement arourghirihe world.
The only concepts that this implementation proved were that of thditysaf the game
engine itself, and the fact that different characters couldsbd to enact plot functions

depending on availability in the player character's immediate location.

The second demonstration game developed the game engine, incorporating some
social simulation, and featured a multiplayer capability, yet atdl lacking the case-
based planning component. Based on part of the film 'Star WardNewA Hope' by
Lucasfilm, the player took the role of Luke Skywalker in his questscue Princess
Leia. This story was used because it fits very well withpp's schema, and thus enables
an investigation of how flexible the schema can be when integvatk player agency.
ActionObjects were not implemented in this game, however, and @Eggacy was thus
still relegated to the movement of the player character gitwéncations, reacting to the
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story events that were portrayed by the various charactersad@dra could gossip about
meeting other characters, and about story events that they treesseid. However, the
flexibility of the story enactment was still limited toffdrent characters taking different

roles depending on availability.

The multiplayer component was tested in this game world, withepdaaking
control of other characters in the game world. The 'ClientManatps$ enabled the
server to listen for incoming connections from clients, assigréagh client a
'WorldConnection' class. This class sent and received messadasth the client and
server using UDP sockets. On the client side, messages aboplaylee character's
movements and activities were created and sent to the servtte Garver side the state
of characters and objects in the current location of the plageipackaged as a message
and sent to the relevant client. The client maintained a 'World' object thatpdated via

these messages, yet some entities were updated locally, such as thehaleaater.

The third demonstration game, described in chapter 4, implemehteflthe
features of the OPIATE system, yet the multiplayer componesd wdisabled for
volunteer evaluation of the game. The multiplayer component was not devétofe
point where confidence in the system was high enough that playddstest the system.
Also, due to the logistics of evaluation, spread over a number of weekas thought
that the small number of volunteers and the availability of LAN access wmilglayer

evaluation of this component.

The evaluation game's environments were created primartyansingle-player
story in mind. The logistics of computer game level design foripfayer and single
player are traditionally very different, explained in fGer 2003]. A single-player story
tends to lend itself to a progression through a path that is detineatbe environments
that the game designer creates, yet a number of successfulnngaaees diverge from
this method. Multiplayer environments tend to be very open and allow a lot of freedom of
movement. A combination of the two approaches entails designing enviragnment

composed of a number of areas that have a very free-roamingtehdoathem, while
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only allowing player access to the next area after a sgalé have been achieved by the
player. This approach has been used by Swartout et al [Swartau2@01], in their

'Freeplay Nodes', and is found in the 'GTA' series of computer games, amosg other

Propp noted that the journey of the Hero is central to folktaled) is
morphology featuring some character functions that force the ideEranew locations,
such as the 'Departure’, and 'Arrival’ functions. Since therthege locales in ‘Calabria’
(the game world of the third demo game), the player experienibeside story in each
of the three locales, and can only transfer to the next locale after a pusdieet$, which
is integrated by the SD into a story function. A furtherdagdevelopment of the system
would be to base OPIATE in a multiplayer-type environment thatvalinore complete
freedom of navigation around its locales. The storytelling technifpues in games are
based around the introduction of new characters, challenges, and enviraseat
reward for player interaction with the game. In a free-iogrenvironment, multiplayer
or single player, these mechanisms must be represented moeethhsis the OPIATE
system does. This allows a player to freely explore areffseofown choosing, with a
storyline emerging based on the available local charactershan@ldyer character's

interactions with them.

5.4. Integration

This section will discuss how all the components in the OPIATEeBysvork
together to present the story to the player in the context ofmputer adventure game.
An author can choose to define which characters will initiake teach of the roles, or
these roles can be filled as the social simulation progres$es, Either a player
character can simply interact with the characters until aroppgpte story is selected, or
the player is introduced to the characters with an initial staoye based on the role
selections of the author. Either way, the story develops fromhaeacter interactions,
and future plot move and role casting selections will be basdtbwanthe player has

influenced character attitudes.
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5.4.1. Authoring

The author's role in creating computer games has come into morengn@eiin
recent times, with a number of successful development teams éngplapfessional
writers full-time, to design environments and construct the storyline with thgndesim.
This signifies a growing appreciation of the importance of stinyg to capture an
audience's imagination. Steven Spielberg has recently noted aiengrmaturity of
computer games as a storytelling medium [Breznican 2004]. 8llorgttechniques that
are incorporated into game mechanics tend to be the most effectd/éhe focus of this
work is on the creation of sophisticated game mechanics based amdepicof a player
interacting with story mechanics.

As the unfolding of the story is handled by the system, the autiobe'ss to
create the setting, the initial situation and the backstory othiagacters. Ideally, an
author should be able to create the rules that the SD followseictisgl and casting plot
moves, but in implementing the OPIATE system, these rules wdredged in the code.
These rules effectively represent thematic control of thegamestories. In a traditional
novel, for example, an author uses the plot to elaborate themats; meportraying a
series of events, convincing the audience that these events haveetairoaship with
reality. For authoring a computer game story, the rules of the galeanics can be the
means of elucidating a theme. For example, in the game 'Kataraacy' by Sony, the
player moves a ball of stuff around, consuming game entities bggaver them, in
order to grow larger and thus becoming able to consume largeéeritihas been noted

[Gilbert web] that this game mechanic could be a comment on consumer societies.

5.4.2. Game Mechanics as Story Mechanics

The game mechanics used for the Bonji game are based on two meshadhes
use of actionObjects, and gossiping. The presentation of charactgiomsnis done
through graphically animating actions and constructing dialogue degrrihese two
mechanics. The player character is given these same ahiiethe NPCs also possess.

The player is allowed to control how the player character goasigpsises objects, and
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the NPCs are directed by the SD to use objects and gossip basesebofasuitable
character functions, although these events also take place indepgoflémt SD. These
independent events influence the choice of both plot move selection bgsddased
planning, and role casting by the rule-based system. Becausethg ghanged to suit
the dynamics of the game, the interactions that the player can perform keecdneing

force of the story, and any progress made will be because @fttsom the player has
done. This is important for maintaining the player's sense ofcggdmeir perceived

ability to effect change in the game world.

A major difference with the OPIATE system and other storgthasomputer
games, however, is not that the driving force of progress in the gathe player's
interaction, but that the player's interaction is also the drifence of the direction of
progress in the game. Story games are usually experiencegsommach like a ride in a
theme park, and this enables a pre-scripted story to be told @hdezly points that a
player character is guaranteed to pass through. The storgtisidid, while interactivity
and any emergence is seen at a finer grain than the overslitspestry. The OPIATE
story mechanics described in the Design section are implethahtan abstract level,
with the story events taking shape in the two key game mechanitong.eS8ents are
gossiped about, and the dynamic creation of character cliques algisyer's story

experience to be different each time, even if the same plot move is seletbed3Ly.

Traditionally, in Al planning applications, it is clear what plans are b&itevhat
scenarios, and a heuristic can be created to evaluate this, btirfoplanning, every
story is assumed to be equally valid. Stories differ in thpplieability to a given
situation, not their success at a constant test mechanism. Thisopiy has been used
in the case selection strategy of OPIATE. Each move has itsri@rnal structure, and a
player negotiates a move by interacting with the events thatcerated from a
combination of the move with the current game world situation. Theetste of each
move represents a distinct game mechanic, which a player igléuteo interpret as a
fragment of the overall story. | use the term 'game mecharme'ihea way slightly

different to that usually used, both in the game industry and in this thesis.
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The game mechanics that each plot move represents in OPlA&TErger in
temporal scale than the second-to-second game mechanics goverimgg like
actionObject usage and gossiping. For example, there are lagderyaechanics in
commercial games that govern long-term goals of the playerinterMio's Zelda game,
The Ocarina of Time, there is a temple which must be reethim the icy hills
overlooking the land of Hyrule. When this is achieved, the river thawsadalle far
down on the other side of the gameworld fills with water, allowhey hero to swim
across to an island that was previously unreachable. This prooesss from the
representation of elements in the game such that a chain of esardscur given player
interaction. With the Proppian move scheduling, the game meclwdr@BIATE include
an abstract representation of story elements arranged tempegralligat these chained
events can occur while maintaining the causal links inherent igaine engine. This is
why | refer to these game mechanics as story mechanics. Tradl atery that a player
experiences is thus made up of each move, united by their symbiosis with the/gdane

dynamics.
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6. Analysis & Evaluation

6.1. Introduction

This chapter is divided into two sections, analysing the systemtfvondifferent
perspectives. The first section will consist of both my own @malgf the system as a
model of human storytelling intelligence, and a comparison of ibty-stased computer
games and to other istory systems that have been produced. chmel section will
describe the subjective evaluation that took place, and analyseetfiga®l that was

received from people who played the third demonstration game.

6.2. Analysis and Comparisons

In developing the OPIATE system, concepts from both computer games
academic Al were used. Existing computer games have produced atmospieractive
storytelling that engages players very well. The approachegawfe designers are
therefore a useful tool in the creation of Al istory systeyes must be augmented with

lessons gleaned from academic projects such as Turner's [Turner 1992].

6.2.1. Al and OPIATE

The SD in OPIATE uses a sophisticated agent architectureporeding case-
based planning, a world view of a complex simulated world, plan adap&atd focused
attention for enacting and revising plans, and an expert systatnetitapsulates
knowledge of both the internal relationships in its plans, and how its mhais to its
world view. Goals can be attempted in multiple ways, and newnma#tion can be

incorporated into plans as they are enacted.

This model is a representation of the thought processes that astavgdéller
goes through in constructing and adapting a story for an audi¢aceffdctiveness is

limited by the complexity of the simulated world that it opesate where a human

130



Analysis & Evaluation

storyteller is only limited in the creation of a storyworldthgir imagination and breadth
of experience. The game world simulation in OPIATE was keptivelg simple, with
character modelling that does not improve on previous implementationsjnbttle
games industry and academia. This was a consciously appli¢atibmito the system, as
others are improving technology for complex simulation of charaatetswvorlds, and it
was thought that a novel approach to story generation and direction woaldiseful
addition to such systems. The SD thus comprises the only componentsgstiie that
can be regarded as an attempt at the creation of Al. It wsashad that to empower an
author to tell true istory, an artificially intelligent systénat works as a powerful tool in
the storyworld is required. The SD thus represents an author'ssyesie therefore to
more fully represent them, the SD must be able to incorporate siredand goals of

that author in its methods of operation.

Because the SD uses a case combination component for the cedelbaser,
the model can be likened to the well-known re-use of story fragntiesitt human authors
commonly perform. References to previous stories are to be foundwéesey in
literature and folktales, from Joyce to 'The Simpsons' byt egening. Utilising other
stories in telling new ones is a basic tool of the storytelert, and can be utilised for
many reasons and in many ways. The limited use of plot move mangDIATE is not
based on any thematic or novelty criteria, but a simple setied that are based on the
case selection suitability criteria discussed in chapter 4,galith a set of rules
governing Propp's character function groupings. These rules simgijeethi@ SD to
replace less suitable versions of functions with those more suftableanother case.
Due to the way cases are combined, generated cases can eethiangthe source cases,
SO generated cases are not stored in the case librariidikeitial cases, but in a separate
folder on disk. New cases can only be created with the mergingeobr more of the
initial case base. If generated cases were used to mélgether cases, a move could
eventually be generated with all possible character functionst aras idecided that this
was not a useful mechanism. Removal of less suitable functions des®s was
considered to account for this, but was not implemented, as the sifuetagrity of the

cases could be compromised. Less suitable functions could servenamnis to unite
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other functions, so it was deemed that it could be detrimental dht allow them to

be removed.

The SD implemented for OPIATE did not have explicit models of awgbals,
but these were manipulated in the coding of the system. The tools that should be available
to an author in creating a storyworld are thus not available autor interface in
OPIATE, but as an academic project, this work explores the thatscould be made
available through the introduction of the SD as a mediator of aattingr's wishes. This
was achieved by allowing the SD to operate without expgmdtls, allowing it to pursue
the direction of plots that were found to be suitable to the gaonlel wituation. Propp'’s
classification scheme was used as a resource by the SDhegatise this scheme is
independent of theme, there was no way to include thematic ciitetti@ selection of
plot moves. This, in fact, enables the OPIATE architecture to becapldiin many types
of storyworld, with artistic themes authored in each storyworld iddally. Thematic
knowledge and authorial control of themes should thus be implemented av¢hefl
enactment; the casting of characters in roles and the siorukatid interaction rules of

the storyworld.

The success of the system is thus debatable, as the OPigfiiteeture does not
directly solve the problems that surround authorial expression in egnginulated
worlds. What it does achieve is the possibility of structuringnesvim such a world such
that they appear in the form of a coherent plot, no matter weatsthe dynamics of the
world produces. A required partner to OPIATE is thus a thematisaitylated game
world that is open-ended and free-roaming for the player. Progrebe ioreation of
simulated game worlds in commercial games is limited leyiticreasingly hit-driven
marketplace and the restrictive role that big-name publishers hdkie creation of new
concepts for game mechanics. Academic projects have a degreeedbrr from
commercial concerns that enables projects to pursue ideasdfatanhave immediate
value to a marketplace, and this has enabled the OPIATE systeendeveloped as an
experiment in Al storytelling. The limitation that OPIATE'ssfid area of application is

in thematically simulated game worlds means that the technaldiggnly show its true
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potential if it is incorporated in the simulated worlds thatfaved in such games as 'The
Sims', 'Fable’, and 'Thief'. An analysis of the SD architectudesirable, to evaluate how

it could be incorporated in such game worlds.

Because the SD agent bases both case selection and castsigndecn the
dynamically changing attitudes of characters, an incorporatiddPdATE into another
game engine would only be feasible if this attitude modellingevedready in place to
some degree in the existing engine. Simulation games canatkistit the plot planning
activities such as those found in OPIATE, but OPIATE could not opesttieut such a
simulated game world. Since 1990, the research focus of cuttingAddggs been on
social models as well as cognitive models, and the situationstiAdtiamplementation is
faced with are less restricted, allowing emergence of anplasituations to influence an
Al system's learning. From this view, placing an Al agent withicomplex simulated
world is an approach that is more promising for the development gfadaptive and
intelligent systems than feeding it a corpus of pre-rendeatal @ecause the OPIATE
SD was only fully implemented in the third demo game, it was iniplesto test its
functionality over a range of environments, but in playtesting tmeg surprising

situations were sometimes observed.

As the social simulation proceeds, characters form groups a&sipge spread
through groups, but inter-group gossip is also possible. The player enachetracter A,
can interact with a character B by performing an actionpgbsitively effects the attitude
of character B towards character A, but this can then be gos$ipaetiamd a character C
that has a negative attitude towards character B can then develegaave attitude
towards character A. The SD can then assign a villainy functicsgroe other character
function requiring a negative attitude for the player chara¢tercharacter C. Thus,
through the player performing a positive act, a negative acbeanitiated by the SD.
This is an example of an artefact of the social simulatiarvtba not explicitly designed,

and other more complex situations can be seen to emerge from the simulation.
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The required separation between the SD and the game worldas destirable
as it first seemed in designing the system, and to be usefuhew game environment,
the SD as it is currently must be re-implemented to fit theractions and mechanics of
such an environment. For the inclusion of an SD agent in other gan®esduired that
designers are allowed access to the SD algorithms so thatahegustomise them. This
is one of the improvements to the system that will be includethén'Ruture Work'

section of the next chapter.

6.2.2. Computer Games and OPIATE

The emergent storytelling found in games such as the Thiéf'ssemong
others, is comparable to that found in the social simulation of ORI&&Ebecause the
plot is not orchestrated by an author, this emergence is allovegctate the unfolding of
a higher-level plot. The gameplay mechanics that were designed festhed games are
based on the inventory and exploration systems of adventure gamesiltitot) Geator
of the 'Monkey Island' series, has said that he thinks simulationcesate more
immersive game worlds for adventure games, and his original plansh®rSecret of
Monkey Island’ included a more fully simulated social systemh witaracters being
modelled with their own goals [Gilbert web]. This was cut frova game because at the
time it was too complex to implement within the limitations, hutent adventure games
have not taken advantage of the possibilities of simulation that GikbErgnised early.
The paradigms of adventure game storytelling are made more esofmyplintroducing
social simulation, but a system such as OPIATE could be used to provideabstract

plot control, overcoming some of these problems.

The adventure game 'Discworld Noir' used one of the most sophisticated
storytelling approaches of any game [Hobo 2001]. Story events paénstaking created
in separate threads that could be enacted in a flexible orderkayittvents marking the
opening of new areas of exploration. The standard inventory systedveritare games
was extended to include ‘clues' that could be combined and used likelgdwats, which

was a vital part of the story that emerged in the player's nWitkn clues were
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combined in the right ways, the main character realised connethiansnight trigger

new events in the story. This is the sort of game mechanicadlét be utilised to great
effect with an istory system. OPIATE uses a similar, albere limited, approach to
game play, with gossip events being a key part of a chasaicteentory. The use of this
gossip inventory can trigger new attitudes and facilitate stoeyte to be scheduled
based on those attitudes. The gossip system used in Chris CraWiarstsand Betrayal'
game was an early example of the possibilities of sociaulatan in games, and
although | haven't played this one, Crawford's trademark complexdy used.

Crawford's extensive writings can be found on his Erasmatazz websrg¢eraveb].

One of the main features of Propp's plot scheme is that it ipendent of
dialogue and is based on the conception of the plot as a series . &lentdialogue
generation of OPIATE is very simple, and conversations are nptest This contrasts
starkly with the painstakingly crafted scripting and recording of disdhat is necessary
for modern story-based computer games. This rigidly pre-scrggptbach can be used
for flexible storytelling, if story events are designed sa tih@y can happen in a different
order depending on the player's activity, but to enable true intenaah the plot, story

events must be created with a more abstract framework.

6.2.3. Istory Systems and OPIATE

The use of simulation has been used in relatively few istostesys, with the
model of storytelling being limited by the conception of storywgen direct opposition
to player freedom. Crawford's personality and emotional simulation is the xtessige,
and he uses personality traits, with shorter term mood traits, &arxdearange of verbs
that dictate how moods will be dynamically altered. On Maessale from O to 100
described in the Background section, where 0 is fully autonomous @raraotd 100 is
a story fully controlled by a central mechanism, the OPIAsMStem would fall at
roughly 50, while Crawford's would lie lower on the scale, ahges 20 to 30. Any
central control of Crawford's Erasmotron stories is done by the use of the aotkibiirn

defining interactions. Every time a story is experienced, theotigandom variables
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allows situations to occur with different characters, but becaarsa&rc verbs are defined
by the author as thematically important, those types of interactionsocatll @ the story.
Cavazza and other autonomous character-based approaches arenrtées Scale, with

fully autonomous characters interacting to create events.

Other istory systems, by contrast, can be classified much higher on latzds.
The approach of Sgouros [Sgouros 1999] uses the concept of creatimgsatvihg
conflict to push all the character interactions, while Sgouros sesisry as a set of
processes that act on characters to force them into providingraoding obstacles. The
use of simulation is often seen as being fundamentally opposed toetloé tesnporally
sequenced plots, and Wright sees the two as the differenceebetwetrol exercised by
the player and control exercised by the author [Wright 2003]. Howewvigh the
OPIATE system | have shown that the two can work at diffdexals, with plot-level
simulation taking place at a level more abstract than world atroo| with a feedback

between the two that ensures consistency.

The choice of Propp's folktale scheme as the central stodel meant that the
system would be most suited to storyworlds that are not fullystieain their depiction
of characters. Stern’s approach for the Facade system usediabook-like depiction
of characters and this is a concession to the phenomenon of 'the uncheyy treat
Masahiro Mori observed in people's reactions to almost fullyist&alcharacter
representations [Mori 1982]. People react poorly to charactersrthafepicted in their
appearance as being realistic humans, if their behaviours goistitnand unrealistic.
Thus a cartoon approach was taken to create the demonstration stisywsorthat they

would fit with the simple character simulation and folktale plots.

6.3. Subjective Analysis

Subjective analysis proceeded by requesting a variety of pepd@mnlioad and
play the demo game, and fill in a web questionnaire about their erperwith the
game. The game was presented without giving the users any forekigewdf the game,

136



Analysis & Evaluation

allowing them to explore the gameworld as they saw fit. Somdignesvere about the
player's previous experience with computer games and their predsrdo help elucidate

any inconsistencies in results.

6.3.1. The OPIATE Questionnaire

The questionnaire can be found in appendix D, with all the resultsltRResue
not consistent over all respondents, but this was anticipated due tabjbetise nature
of both story and game evaluation. Respondents were thus asked how oft@tayhey
computer games, from 1 to 10, and were also asked about their pceted story. It
was assumed that stories lie in a three-dimensional spaceespwhdents were asked to
provide a preference that lies at a particular point in this sgate dimension goes from
‘action’ to 'drama’, the second from 'movies' to 'novels’, and the ttwd'fomantic’ to
'dark’. This was assumed to meet the need of differentiatimgeee people with wildly
different responses to OPIATE, but nevertheless, inconsistencies remained.

There were three sections to the questionnaire. Section one dimathevoverall
experience of the player and how much the experience was saesta@ayg. Section two
relates to the believability and consistency of the game waoddhaw the characters
came across. Section three is about the player's own prefe@mtdow they compared

OPIATE to other computer games.

6.3.2. Results and Analysis

The 3D story classification space was useful for differangjasome answers,
most notably question three: 'Did the game experience as a sdwie to you to be in
the form of a story?'. This question received the most positsgonse. Respondents
who prefer action stories universally responded positively to thisigoesvith drama
fans rating this 'storyness' lower, particularly those whavared in favour of novels
over movies. One noteworthy result was that those whose prefetenicethe centre of

the classification space rated the 'storyness' of their iexgerthe lowest. This is where
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those who rated novels and movies equally, action and drama equally, anandark
romantic stories equally, are characterised (Figure 6.1).

Figure 6.1: Rated ‘Storyness’ against Players' Story Preference

OPIATE's output has been evaluated as a story by those plaperpnefer
action-based storytelling, and this corresponds well with the agptaken, and Propp's
action-focused scheme. Fans of both dark and romantic stories, dnehdaatis and
movies responded well to OPIATE. Only fourteen respondents were involvdte
evaluation, so the central anomalous negative rating could be partlytodtes
statistically unviable nature of the evaluation. However, it couldrgeed that the result
can be explained by the unusual nature of the storytelling involvied QRIATE, and

hence its incompatibility with a conception of stories that is more middle-aftte
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Figure 6.2 shows that those who thought their experience was tooydile
enjoyed playing the game more. This confirms that playersgedgaith the system as if

it was a story, and correlated the game mechanics with an interactionsiotly.a
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Figure 6.3 shows that those who felt a freedom of action inititeraction with

the system also enjoyed playing the game. This shows a strooigefation than the
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previous graph, and makes sense given the assumption that playersc@njoyter
games because of the freedom that they are afforded in the warite Respondents
who played games the most often rated the playability of OPI#Ta variety of ways,
and this graph is inconclusive and is not shown, but this 'often play' diffiexentiated
the perceived believability of the game world rather bettgyu(E 6.4). Players who are
used to the more sophisticated game world simulations found in somenngadees
were less prepared to suspend disbelief for their interactioms QRIATE, although

overall the believability ratings are high.

Play Often Vs OPIATE Believability
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Figure 6.5 shows the plot of freedom of action vs. the influenceatp&tyer felt
they had on the unfolding of the story. Respondents who felt they had frexdation
in the game world also felt that their actions influenced the umigldi the story. This is
a strong indication that when the system works, it achievesathie goal of presenting a

story as an interactive system.
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Freedom Vs Influence

Influence over the Story
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Figure 6.5: Graph IV

Those who felt they had freedom of action also felt that the gerd was more
believable (Figure 6.6). This shows a stronger correlation, @& theariables have more
to do with the game world interactions than a link between game waoddstory
considerations. Freedom of action was a stronger differentiatar tttea freedom of
movement question, although those who felt a freedom of movement alsd teridel a

freedom of action.

Freedom of Action Vs Believability
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Figure 6.6: Graph V
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The results shown in the last few graphs would seem to suggeshdbatwho
play games more often might respond negatively to the sysl#mough this is not seen
in a direct correlation. The demo game is not goal-oriented liker atory games are,
and therefore players reacted based on their interaction wilystem as a story, instead
of a game, independent of their different levels of gaming experience.

These results taken as a whole are a positive reaction tosfeensyindicating
some of the assumptions made in design, and illuminating some prohknasdse as a
result of the implementation. Comments consistently rated thensydown in the areas
of easiness of play, and character complexity. A number of plagetghat they did not
know what they 'had' to do next, which shows that people assumed that they were on a set
course through the environment, yet felt they had an influence lowetdry. This was a
basic working assumption, and is the chief distinction that the medfuocomputer
games has to offer over other forms of storytelling media. Ay starst be authored as
the creation of a world with believable characters, allowingremental player
progression through the world. Propp's centrality of the journey means shary must
be a progression. Whether it is an emotional progression, as found in tgsnsories,
or a physical or material progression, is genre issue, but irr eiéise a world where
exploration and interaction can take place is a welcome addititve ttomplexity of the

storyteller's art.
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7. Conclusions and Future Work

7.1. Introduction

The OPIATE system is one of a number of projects currently iigadisig the use
of Al techniques for storyteling on computer. The application fowuson the
applicability of these techniques to commercial computer gamesthgss has laid out
a methodological approach to solving the problem of creating ‘isttivy concept
introduced in the introduction chapter. Allowing a player to have as mélaence over
the plot of an interactive story as possible was facilitatedgusi combination of
paradigms from both academic Al research and computer game gleesio A story
director agent was used to dynamically and adaptively plot a tstatys experienced by

the player through interaction with a simulated game world.

This chapter will present conclusions that were drawn based on baiksbgsed
suitability of the approach, and the evaluated response of playjees. a range of
possible future improvements and additions to the system will be skestusnd a final

comment will be made concerning technologically assisted artigiregsion.

7.2. Thesis Summary

7.2.1. The Combination of Paradigms

The suitability of Propp's scheme and case-based planning to mtalgrgames
is in question, and from the implementation of the OPIATE systeme smnclusions
have been drawn. These will be borne out by the evaluation conclusions.

Propp's scheme proved eminently suitable for use in a case-baseu,sys his

skeletal plot templates match with recent developments in case-bglanning

concerning skeletal cases, and local adaptation.
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Propp's scheme is also useful for action-based computer games, &mttams

have correlates in game-play mechanics of existing genres of games.

The assumption that Propp's scheme can lend itself to playeryagasideen
corroborated, and three key methods for integrating player agenby ipldt were
designed and evaluated. These are in the nsmkection casting and initiation

mechanisms.

Case-based planning was found to be an effective real-timeimpdaparadigm for
use in a simulated game world, with many common CBR problemsatdid by the
relatively small case library, provided by Propp's corpus.

The division between plot-centric and character-centric istory tellasgbrndged by
allowing the plot planning to work on a higher level than the charactedation, but
maintaining consistency between the dynamic simulation and plansing adaptive

casting.

7.2.2. Interactive Simulation Facilitating Collaborative Imagination

The collaboration between an author and an audience has recentlynbbtad e
through the use of computers as a storytelling medium. Since thébamwaition has
always existed in the form of oral storytelling, people do netisas an intrinsically
foreign concept. In relatively modern story media such as the nolaljsten, and
movies, this collaborative mode of storytelling has lost its hold,aagrowing number of
people from mainstream culture are seeing that interaacbivguter entertainment has a
novel power to hold their attention.

Although in its infancy, the computer game industry is having anasurg effect
on technology and culture. Like the movie industry in the early te#ntentury, the
industry is currently led by technologists who have the technldllte keep new

products interesting. A number of key game designers that hdvan soth artistic and
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technical areas have proved instrumental for the acceptana@maisgn wider culture,
but the divide between artistic and technological industry stafh isft-quoted problem
for games studios. With graphics and animation, the current normnmske tools that
artists can use to create content for the game worlds. Thissprbas gone far enough in
the movie industry to accommodate standards and common practicdsféngtom the
approach used in the game industry, where sets of tools and methodoftagidsave to
be created for each individual game project, but games aregsaenew surge in
middleware tools that enable the increasingly complex gamésvtwlbe created with as

much ease as the less complex games from yesteryear.

The introduction of storytelling tools to this ontology will allow rmadraditional
story authors to exercise control over the interactive expeserf players, but
established game designers, like Will Wright, have alreadygresed the potential of
allowing freedom in their imagined game environments, while esiagccontrol over the
reactive behaviour of game systems. With the OPIATE system, | haveeaskfieruse of
social simulation to create an artificial society wheteasions can emerge based on
player interactions. The creation of a game world in OPIAT&nigxercise that does not
constrain a player to a specific path, but allows them to cthate own experience
through interaction with the rules and dynamics of the systens iBha powerful
metaphor for artistic expression that | believe will become mespected in the rest of

the twenty-first century.

7.2.3. Interactive Plot as Thematic Conversation

The use of thematic simulation has been used in relatively feveggabut with
the development of flexible author toolkits, the design of custom atranlsystems will
allow authors to share control with each player individually and alowomputer-
mediated 'conversation’' to occur based on the rules of interactiomthathor sets up.
The imagined game world of an author is entered by players, wbmsehhow they
interact with the system, and create their own view of the asitorld. This has already

been achieved by some game developers, but the creation of tools fomgutihematic
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systems explicitly will allow non-technical artists to explassues of their choosing with
a player who can decide how to interact with the author's $beeofes. The introduction
of plot-level simulation into this hypothetical author toolkit is a pmesxtension of the
author's thematic reach. Authoring themes implicitly as the atmoul rules of a game
world is one possible level of author communication, but the potentialufborng a

dramatically interesting story is limited by the freedont tie player has, combined
with the lack of higher-level simulation rules that deal with téraporal structuring of

events in the world.

Propp's morphology has been utilised in the OPIATE system to provide a
structuring mechanism for the game world events. This does not pravidieect
authorial control over the themes of the plot, but the rules andbzsssl selection
mechanisms are a set of tools that provide an implicit controbgmas to the control
exercised in the design of world simulation rules. As no othénoas created story
worlds for OPIATE, this was an acceptable way to test the tudsexperiment with
selection and casting mechanisms. The manipulation of these msubaepresents the
proposition of a set of constraints that surround a space wherein silblpastories that
can emerge from player interaction are defined. This is a ccaigd way of defining the
consequences of a player character's actions in the game worklllolg both author
control over the high-level thematic plotting while affording thlayer considerable
freedom of movement and action in the game world. The author isieftgamplicitly
defining a set of themes, allowing the player to interact with those thamesstructing
the system to respond with a story plot that presents those thEmuss within a certain
limited framework, a conversation occurs between the player &ed author's

representative, the story director agent.

7.3. Implementation & Evaluation Conclusions

7.3.1. Implementation Conclusions

The general approach of organic design and implementation wesssiid in
that it allowed an incremental investigation into the charasties of the architecture.
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The game world and story director agent were developed in tandédmomnétgrowing
more complex alongside the other, to ensure that they functioned profieelyse of
C++ was necessary, and provided an efficient implementatiorcolodéd update all 28
socially simulated characters along with the story direldgic while maintaining a
steady framerate of about 50 frames a second. Experimentalreneints were tried, and
it was found that the social simulation (without SD logic) could agewith over 300
characters being updated simultaneously. The story director\agsninplemented with
a sophisticated agent architecture, and operates in the dynamiated world, adapting

and re-planning when necessary.

There were a number of limitations that were encountered in tHATEP
implementation, yet the overall architecture was successfuhelmmultiplayer version,
network lag and client/server inconsistency of a real-timedwods a problem, but this
was due to insufficient time and resources for a professiondl-Heuttiplayer game
engine. There were also limitations in the simplistic cltaramodelling approach, yet
this was a conscious decision that was based on the focused natuwereddarch into

story direction technology.

7.3.2. Evaluation Conclusions

Analysis of the feedback from the respondents to the questionnairatevebs
provided positive confirmation of a number of basic assumptions that wade in the

design of the system.

There was an average 79% response to the question 'Did the gaeneree as a
whole seem to you to be in the form of a story?', which validategsganption that the

system's dynamics result in an aesthetically story-like experience.
Respondents who rated action stories above drama stories ratéoryness' of their

experience higher than the others. This shows that the action-lséssdelling
methodology was consistent with the results.
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The simplified character modelling resulted in veteran gamedagecognising the
relatively inferior believability of the game world, althoughi®ehbility was rated high
relative to other criteria, such as ease of use. The sogialagion served its purpose

well enough to carry the storytelling.

Respondents who felt they had freedom of interaction retainediragfeé influence
over the unfolding of the story. This verifies the basic assumptiah these two

characteristics are fundamentatigt mutually exclusive.

7.3.3. Limitations of the Evaluation Scheme

The most obvious limitation was that only thirteen people filled out the
guestionnaire. People may have been put off by the time commi(gtetd 40 minutes)
and the fact that they had to download and install a program, witbréralent caution
about computer viruses. Some people could not get OPIATE to run on steimsynd
some played the game without responding to the questionnaire. Althouggstitis are
not technically viable for rigourous statistical analysis, thegroborated some of my

own analysis.

The evaluation took place with a single version of evaluation softveae to
more scientifically test the characteristics of the aechitre, each component should be
tested independently. Respondents were encouraged to try tbm sygh the ‘turn off
story Al' option activated, but the results of this were inconclusisenany did not, or

did not do so for a long enough time.

7.4. Future Work

7.4.1. Further Evaluation and Development

The system as it is currently implemented is flexible enough for aehtféype of
game world to be accommodated. The environment created for the mrakaisisted

of three areas that the player character progressed thratigh Wigh level of freedom
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within each area, but a fully open and free-roaming environment waaitkate an
evaluation of the ability of the system to portray a story joumae the player is given
full freedom of movement. A more extensively authored game world,awvider range
of actionObjects available, would allow more freedom of action, an&ihe flexibility

could be further evaluated.

A more efficient messaging system could enable better neddamultiplayer
performance, and the SD implementation could be extended further Ite estame
client-side story direction, while answering to a master 8ves. The multiplayer
component is promising, because with the current architecturegée gaayer can
experience a story in the game world, and with multiple playeracteas, the social
simulation execution is not made more complex. Because the chatittetes are an
artefact of the simulation, even more complex situations could enfesgy multiple
player interaction with the NPC social simulation system. dinection of a separate,
interwoven story for each player is eminently possible with théATP system, and

could result in a completely new genre of multiplayer game.

7.4.2. Increased Author Control

For the system to represent an author's wishes, the cas@rsetent adaptation
rules should be made as flexible to an author as possible. Theerdptes of these
rules as scripts would make possible a higher-level control of the system that lwld a
author-defined consequences for player interactions, while maintainengmergent
quality of story events. This component is vital for OPIATE's appility to other game

worlds.

7.4.3. Other Game Environments

Although the games that were developed were based on the graphituselve
genre, the application of OPIATE to other games would necesaitateadening of the

scope of the system. Because the SD bases planning decisionsramacdworld view'
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of the game world, the implementation of the world view classesld be extended so
that they can deliver pertinent information about character attitwhes object
availability within other types of game. The inclusion of an Alpda perception
component could be necessary for the SD to automatically adapt toypgheof
interactions and gameplay that takes place in each new game Weddly, the SD
should not have to be re-implemented for each new game, but if a\garitk was
defined using concepts similar to the attitudes and inventory-batsddtions used in
this project, it would be easier to incorporate the SD technologmeGvorlds in current
popular games are usually limited to simple interactions sacthese, but OPIATE
should scale to more complex character models if the SD case ware extended

alongside them.

Although Propp’'s scheme and the vast majority of computer gamescton-
based, this is not necessarily an intrinsic limitation of theADP architecture. Minsky's
‘Society of Mind' [Minsky 1987] proposes that conscious minds are oqadé societies
of mindless components that together exhibit the qualities we ass@dath intelligence
and consciousness. To extrapolate this metaphor, the NPC agenskéhBtdpp's roles
in OPIATE could each be modelled as a component of a single, mopesorcharacter
which could undergo conflicting urges and drives. This would enable acharacter-
focused, less action-oriented, set of game mechanics to provide pdegosystem in
which Proppian plotting could take place. As briefly explored with the afséhe
‘problem’ actionObject in OPIATE, character interactions couletesigned to rely less

on physical objects, but emotional or desire-based components to facilitate this.

7.4.4. Author GUI and Toolkit

The possibility of creating story-direction middleware technolfagyuse by the
games industry became a background goal of this project whers iteahsed that the
tools had to be fully crafted before a toolkit could be put togetheh g tools still in

an evaluation stage, the improvements mentioned in the previous two Wwbuke
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sections must be addressed before a game genre-independent set afoubal be

created.

Once this is done, however, a set of C++ classes, along with doGlduthor
creation of story rules, would be a promising addition to the gandieware market,
and could enable a new level of simulation to enhance story-basegplgag. This would
proceed by allowing the scripted plot scripts to be edited alongised&SD rules that

govern.

- Case selection
- Case adaptation

- World view formation

It would be necessary to use one integrated Interface for glltthiensure that
rules were consistent. If a case selection rule was altered, it woudechaw effectively
rules in the other two categories operate. This is a requiretima&ntvould ensure the
story director makes decisions based on a consistent knowledge basasé&h that were
created for OPIATE are adequate until new types of charagtetion are required by an
author, and if an author wants to do this, a deeper set of tools farngiogpfor new
function types would be needed. New categories of rules would besapceand |

would recommend a more sophisticated Al architecture for further extension&iDthe

7.4.5. Fractally Harmonic Super-plots

Briefly mentioned in the design chapter, the use of self-siyil#nat extends
outward to larger structural features could enable the SD taaina longer story plot
based on player interaction. The comparison of story composition tal fsicictures is
limited, but Laurel's discussion of Aristotle's 'Patternefayndicates that lower-level
story elements can share structural features with a higher level tacertha ‘pleasurable
melody' that is experienced by an audience. Longer story aatsntimic the more

immediate situations of a player would be a reverse of the usealbf Aristotelian
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pattern, but would maintain the end result of patterning small skateeets on larger

scale features.

Some integer variables could be experimented with, such as themomaxdepth
of self-similarity, and the number of low-level plot moves that merged to contribute
to the structure of the higher level plot. These mechanics couldlédsoa multiplayer
implementation to automatically structure a high level storybased on the combination

of each player's ongoing story.

7.4.6. Storytelling Society Simulation

The gossip system implemented for OPIATE is not as compléahsiesigned
by Crawford in 'Trust & Betrayal', yet is the key to inaea believability for characters.
Socially simulated characters have almost limitless roomniprovement, and are a
more direct way to create believability than purely cognitivahpulated NPCs, which
must incorporate explicit models of social interactions beforeakbehaviour can be

observed.

An extension of the gossip system that incorporates Propp-based story
morphologies would enable a tighter symbiotic bond between charaabersan
omniscient SD agent. Characters could gossip about events based orovtheir
experience, and internally structure events to fit the charagtetion scheme, to create
gossip messages that take the form of whole plot moves. Eacltteharauld have a
concept of themselves as the hero of their own story, and effgdieebme an Al story-
teller while participating as a character in a story. Me®dd# emotion, mood, and
personality could augment this architecture to portray convindiagacters for next-

generation interactive entertainment.

152



Conclusions & Future Work

7.5. Some Final Thoughts

As virtual worlds become more and more complex, asymptoticidey the
infamous ‘Matrix’ from the eponymous Warner Bros. film, simulatamd algorithmic
generation of the content of these worlds will become more fea#ilin explicitly
designing it. To tell a story in this sort of virtual world wadulequire an ontology of
storytelling which derives from observed behaviour of stories im tiegural habitat of
human culture. The principles of this ontology would need to encompass noftions
genre, theme, drama, plot, and tone, and it would need lower level doodstrol the
specifics of the story to allow the personal style of thestathe fullest expression

possible.

The personal touch of an artist is necessary for the sagstgimmunication of a
story, and in a simulated world this requirement is even trueratitier must work at a
more abstract level, not directly writing all the dialogue, binigusheir vision to create
convincing character personality models, explicitly defining themer drives and
idiosyncrasies. The world must be fully fleshed out and the nfeatise desired themes
to shape it must be designed, so that an abstract model of the plividcés expression

in the characters.

In order for an istory system to be truly independent of the comewhich a
story is to be told, models from diverse scientific disciplinesnflinguistics and social
science to psychology, would need to be implemented in a sophistitetextter and
society simulation, alongside an Al author representative equippéd expert
knowledge on themes, tones, plot and many other areas. The creatitmlgfraiman-
level Al is not an end in itself for me, but the problems facedstoyytelling for
interactive games will require such advanced technology for teelisation, that it is
likely to seem like a human-level intelligence. | think thas ih remarkable thing that so
many important areas of human endeavour converge in a pursuisthat essence,
useless, that of playing games. Perhaps it is the thingsvthato for no reason that

ultimately make us who we are.
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Conclusions & Future Work

Not such the World's illusive shows;
Her wingless flutterings,
Her blossoms which, though shed, outbrave
The floweret as it springs,
For the undecieved, smile as they may,
Are melancholy things:
But gentle Nature plays her part
With ever-varying wiles,
And transient feignings with plain truth
So well she reconciles,
That those fond Idlers most are pleased

Whom oftenest she beguiles.

- William Wordsworth, 1832
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The following table shows all the computer games that are references thesis, in the

order in which they are mentioned in the text.

Game Title Developer Publisher Year
Adventure Will Crowther & Don N/A 1975
Woods
Zork Marc Blanl_< & David Infocom 1977
Lebling
SCUMM: Script . .
Creation Utility for Ron Q|lbert & Aric Lucasarts 1987
. . Wilmunder
Maniac Mansion
King's Quest series Sierra Sierra 1984-1998
Police Quest series Sierra Sierra 1987-1993
GTA: Vice City Rockstar North Take 2 Interactive 2002
Half Life Valve Software Vivendi Universal 1998
Mafia lllusion Softworks Take 2 Interactive 1998
Half Life 2 Valve Software Vivendi Universal 2004
The Secret of Lucasarts Lucasarts 1990
Monkey Island
Maniac Mansion:
Day of The Tentacle Lucasarts Lucasarts 1993
Grim Fandango Lucasarts Lucasarts 1998
Psychonauts Double Fine Majesco 2005
The Legend of Nintendo Nintendo 1986 - 2005
Zelda series
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Deus Ex lon Storm Eidos Interactive 2000
Thief series Looking Glass Eidos Interactive 1998-200
Fable Big Blue Box Microsoft 2004
Everquest Sony Online Sony 1999
Ultima Online Electronic Arts Electronic Arts 1997
Habitat Lucasarts Lucasarts 1985
Active Worlds Activeworlds Inc. Activeworlds Inc. 1997
City of Heroes Cryptic Studios NCsoft 2004
Star Wars Galaxies Sony Online Lucasarts 2003
SimCity Maxis Maxis 1989
SimAnt Maxis Maxis 1991
SimEarth Maxis Maxis 1990
The Sims Maxis Maxis 2000
Ultima series Origin Systems Origin Systems 1981-19¢
Creatures Creature Labs Mindscape 1997
Galapagos Anark Studios Electronic Arts 1997
Black & White Lionhead Studios Electronic Arts 2001
Unreal Tournament Epic Games GT Interactive 2000
Trust and Betrayal Chris Crawford N/A 1987
Balance of Power Chris Crawford N/A 1990
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Appendices

Appendices

Appendix A: Interpreting Propp's Corpus

Propp provided extensive background information in his appendices, and gave 44
multi-move stories mapped to his symbol notation in his Appendix hiks §orresponded
with descriptions of character function species that wereridedcin the book. For
example, the A villainy function has a large number of variatibasare notated by’A
abduction of a person, to'A the villain declares war. To adapt these constructions to use
in the case library, a number of verbs and nouns were authored thapoaded roughly
with the types of function variations found throughout the corpus. For iestaagation
in the Rescue function, which has ten variations in the corpus, wasdettuthe verbs
fly', 'hide', and 'transform’. Other function types can also thkeform of these same
verbs. Propp provided the following table that was converted intptsdor use in
OPIATE's case library:
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Figure A.1: Propp’s Corpus of Tales as Series of Character Function Sysols

An example two move story script follows, adapted from example norbsd f
Propp’s Tables, reproduced above. Propp described this story asofdishbols and

these symbols were converted to appropriate script lines. Tresponding ISE script is

included :-
Move 1 ISE script
Dthe hero is tested Test ;

E the hero’s reaction
a6 an animal lack exists
B2 the hero is informed

Reaction ;
Lack (neededOhject
Mediation (family ;

C the hero decides on counteraction Counteraction ;
the hero leaves Departure;

K7the animal is caught Liguidation (neededObject
the hero returns Return ;

Move 2

ab a lack of money exists
B2 the hero is informed

Lack (desiredObject ;
Mediation (mediator ;

C the hero decides on counteraction Counteraction ;
the hero leaves Departure ;

H2 hero & villain compete Struggle ;

I12villain is defeated Victory ;

K1 object of search is siezed by the hero Liquidation (desirediQbjec
hero returns Return ;

Pr hero is pursued Pursuit ;

Rs hero is rescued Rescue ;

U villain is punished
WO hero recieves reward

Punishment injurddin ;

Wedding (desired®hjec
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The scripting system has both moves in the same script, but reacé is
represented as a seperate case in the CBP system. With no dnwtimar intervention, the
CBP system evaluates which scripts to use based on the stagegaime world and the
story functions used so far. The presence of set roles and typbgedis in a script will

notify the SD as to what to look for in a story world.

Appendix B: Story Director Casting Rules

The story director bases casting decisions on the following rules. Each oftihe eig
character roles (Villain, Donor, Helper, Mediator, Princess, Kiagify, and Falsehero)
have a rule that is expressed as a conditional statement, basadtadnility values

calculated from attitude values.

for(int j=1; j< 9; j++){ /lgo through possible roles
switch(j){
case 1: [Ivillain

if('roles[0]->contains(villain)){
villain=0;

role* tempro;
tempro=roles|[0];

float tempsuit=0;

do{
/lget attitude to hero
attitude* tempat = tempro->personae->charRatings->get((int)hero);
bool know = tempro->personae->charRatings->isThere((int)hero);
if( tempat && tempat->rating < 0 && (tempat->rating * -1) >= tempsuit){
tempsuit= tempat->rating * -1;
/I the following line adds the character to the list of possible
candidates for the role, along with a measure of their suitability
roles[j]->addsuitable(tempro->personae,tempsuit);
}
tempro = tempro->next;
}while(tempro->personae != 0);
villain=roles[j]->personae;

}
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break;

case 2: /I[donor
if('roles[0]->contains(donor)){

donor=0;

role* tempro;

tempro=roles|[0];

float tempsuit;

do{
/lget attitude to hero
attitude* tempat = tempro->personae->charRatings->get((int)hero);
bool know = tempro->personae->charRatings->isThere((int)hero);
if( lknow || (tempat && tempat->rating >= 0 ) ){
if(tempat)tempsuit= tempat->rating*-1;
else tempsuit=-2;
roles[j]->addsuitable(tempro->personae,tempsuit);
}
tempro = tempro->next;
}while(tempro->personae != 0);
donor=roles[j]->personae;

}

break;

case 3: /Imediator
if('roles[0]->contains(mediator)){

mediator=0;

role* tempro;

tempro=roles|[0];

do{
if( tempro->personae != villain && tempro->personae != donor }{
tempsuit= tempat->rating*-1;
roles[j]->addsuitable(tempro->personae,tempsuit);

}

tempro = tempro->next;

}while(tempro->personae != 0);

mediator=roles[j]->personae;

}

break;

case 4: [Ifamily
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if('roles[0]->contains(family)){
family=0;

role* tempro;
tempro=roles|[0];

float tempsuit;

do{

/lget attitude to hero
attitude* tempat = tempro->personae->charRatings->get((int)hero); if(
tempat && tempat->rating > 0 ){

tempsuit= tempat->rating;
roles[j]->addsuitable(tempro->personae,tempsuit);
}
tempro = tempro->next;
}while(tempro->personae != 0);
family=roles[j]->personae;
}

break;

case 5: /lprincess
if('roles[0]->contains(princess)){

princess=0;

role* tempro;

tempro=roles|[0];

do{
//get attitude to hero & villain
attitude* tempat = tempro->personae->charRatings->get((int)hero);
attitude* tempatvil = tempro->personae->charRatings->get((int)villain);
float tempsuit=0;
if( (tempat && tempat->rating > 0) || (tempat && tempatvil = 0 )){
if(tempat) tempsuit= tempat->rating;
if(tempatvil) tempsuit -= tempatvil->rating;
roles[j]->addsuitable(tempro->personae,tempsuit);
}
tempro = tempro->next;
}while(tempro->personae != 0);
princess=roles[j]->personae;
}

break;

case 6: /Ihelper
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if('roles[0]->contains(helper)){
helper=0;

role* tempro;
tempro=roles|[0];

float tempsuit;

do{
/lget attitude to hero

attitude* tempat = tempro->personae->charRatings->get((int)hero);
tempat && tempat->rating > 0 ){
tempsuit= tempat->rating;
roles[j]->addsuitable(tempro->personae,tempsuit);
}
tempro = tempro->next;
}while(tempro->personae != 0);
helper=roles[j]->personae;
}

break;

case 7: /lking
if('roles[0]->contains(king){

king=0;

role* tempro;

tempro=roles|[0];

float tempsuit;

do{

Appendices

if(

/lget attitude to princess

attitude* tempat = tempro->personae->charRatings->get((int)princess);

bool know = tempro->personae->charRatings->isThere((int)princess);

if( know && tempat && tempat->rating >= 0 ){
tempsuit= tempat->rating;
roles[j]->addsuitable(tempro->personae,tempsuit);
}
tempro = tempro->next;
}while(tempro->personae != 0);
king=roles[j]->personae;
}

break;

case 8: /[false hero
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if('roles[0]->contains(falsehero)){
falsehero=0;

role* tempro;

tempro=roles|[0];

float tempsuit;

do{

/lget attitude to hero & villain

attitude* tempat = tempro->personae->charRatings->get((int)hero);
attitude* tempatvil = tempro->personae->charRatings->get((int)villain);
if( tempat && tempat->rating < 0 && tempro->personae != villain){
tempsuit = tempat->rating * -1;
roles[j]->addsuitable(tempro->personae,tempsuit);
}
tempro = tempro->next;
}while(tempro->personae != 0);
falsehero=roles[j]->personae;
}
break;
default:
break;
}
}
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Appendix C: Character Modelling

This appendix shows the modelling of the character "Trivmaj' frorthtteedemo
game, with the graphical display procedure, and the authored backstemys and
behaviours. This character was authored as the initial villain for the gant altdtbugh
this can change during the course of the social simulation,remdaters that are socially
close to this character can take the villain role as welurBig.1 shows the graphical

character model.

Figure C.1: Trivmaj

The procedure to draw the character uses a number of simple Dpalt; with
the animation being calculated based on trigonometric equations heicgrtent frame,
which goes incrementally from 0 to 50. Parts of the model are scaled on differareSD

using the 'glScaled' function, which creates the effect of the robe billowing.

nohly::draw(){ /IThe character was initally named 'nohly’

glPushMatrix();
glTranslatef(-xposn,-yposn,0.0f); /Iposition
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glRotatef(-zrotn,0.0f,0.0f,1.0f); /lorientation

bool stopped=false;
if(speed == 0 || isWait){
frame=0;
stopped=true;

}

/I these variables control animation

int angle=(int)(30*sin(degtorad*(double)(frame*720/50)));
int angle2=(int)(30*sin(degtorad*(double)(frame*360/50)));
glRotatef(angle2,0.0f,0.0f,1.0f);

if(Istopped) {
if(angle == 0);
else

glScaled(0.9-0.1*((float)angle)/30,1.1+0.1*((float)angle)/30,1);
}
glTranslatef(0.0f,0.0f,0.01f);
glColor3f(0.1,0.1,0.15);
gluDisk(quadric,0.0, 0.31, 8, 1);
float ang2=(float)(sin(degtorad*(double)(70)));
float wl = 0.25+ang2*0.08;

for(float i=1; i<12; i++){ /I draws the cloak
float ang=(float)(sin(degtorad*(double)(70+i*360/11)));
glColor3f(0.1+i*0.03,0.1+i*0.03,0.15+i*0.03);
float w2 = 0.25+ang*0.08;
gluCylinder(quadric,w1-i*0.01,w2-(i+1)*0.01,0.05,12,1);
glTranslatef(0.0f,0.0f,0.05f);
if(stopped)
glRotatef(-1,1.0f,0.0f,0.0f);
else{
glRotatef(1+0.02*angle,1.0f,0.0f,0.0f);
glRotatef(0.02*angle2,0.0f,1.0f,0.0f);
}
wl=w2;

}

if(Istopped){
if(angle==0);

else

glScaled(1.0/(0.9-0.1*((float)angle)/30),1.0/(1.1+0.1*((float)angle)/30),1);
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glRotatef(-angle2,0.0f,0.0f,1.0f);

if(stopped)
glRotatef(5,1.0f,0.0f,0.0f);

glTranslatef(0.0f,-0.03f,0.02f);
glRotatef(90,1.0f,0.0f,0.0f);
glColor3f(0.9f,0.6f,0.5f);
glTranslatef(0.09f,0.0f,0.0f);
gluSphere(quadric,0.05,6,6);
glTranslatef(-0.18f,0.0f,0.0f);
gluSphere(quadric,0.05,6,6);
glTranslatef(0.09f,0.05f,0.0f);

for(float k=0; k<5; k++){ /I draws the nose
glColor3f(0.82+k*0.02,0.52+k*0.02,0.42+k*0.02);
gluCylinder(quadric,0.1-k*0.01,0.1-(k+1)*0.01,0.06,8,1);
glTranslatef(0.0f,0.0f,0.06f);

}

gluSphere(quadric,0.05,8,8);
glTranslatef(0.0f,0.0f,-0.3f);

glColor3f(0.35f,0.35f,0.45f); /ldraws the hat
glRotatef(-110,1.0f,0.0f,0.0f);

glTranslatef(0.0f,0.0f,0.03f);
gluCylinder(quadric,0.3,0.0,0.1,12,1);
glTranslatef(0.0f,0.0f,0.05f);

for(float j=0; j<10; j++){
glColor3f(0.35-j*0.01,0.35-j*0.01,0.4-j*0.01);
gluCylinder(quadric,0.1-j*0.01,0.1-(j+1)*0.01,0.03,12,1);
glTranslatef(0.0f,0.0f,0.03f);
glRotatef(-2,1.0f,0.0f,0.0f);

}

frame=(frame+1)%50; /lincrements the animation frame
glPopMatrix();
}
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The backstory events are created in the World object construtbmg aith the
assignment of behaviours and objects, etc. The following instruaienghose relevant

to the Trivmaj character.

/I creating a magic wand object and assigning it to Trivmaj
stuff[57] = new wand();
stuff[57]->addTo(-2,-6,0);
guys[16]->addStuff((actionobject*)stuff[57]);

stuff[58] = new whirlwind((int)places[7]); /I 'a whirlwind object
stuff[58]->addTo(6,-6,0);
guys[16]->addStuff((actionobject*)stuff[58]);

/l adding behaviours to the Trivmaj character
guys[16]->addBehaviour(new whirlaway(guys[19]));
guys[16]->addBehaviour(new follow(stuff[110]));

/I meeting the two policemen before the game starts
guys[16]->meet(guys|[7]);
guys[16]->meet(guys[8]);

The character is initialised in this way, with an easy #exible system that
allows for a lot of change in the character's state over theeofithe game. This should
be augmented by an author toolkit for creating and saving game @estriptors, and if
the OPIATE system is to be incorporated in other game esigungher extension of the
world modelling system would be necessary.
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Appendix D: The OPIATE Questionnaire & Results
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How long
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Note: This Diagram shows the 3D surface given by the points that all the
respondent's answers represent, with colours clarifying the z axis.
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Note: some respondents commented that they only tried this for less than a
minute, and when the SD is turned off, story events that have already been
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initiated happen anyway. Thus 'no difference' above.
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Appendix E: An Example Scenario

This section will show a scenario from the execution of the OEBIlgyistem, with
Figures showing the SD planning and adaptation processes alitngcvaenshots of the

game story that the player experiences as a result of these processes.

Initial Situation

The initial situation consists of a set of characters and adbjen@ situated in a
set of 6 locations. Characters also have a set of attitudesréhuisible to the SD. Each

location’s initial contents are shown in Figure E.1.

Figure E.1: Initial Location Setup and Contents. 'Boniji’ is the name of tle Player

Character (PC). Portals between Locations are shown with dark green diamds.
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Each character has a set of initial attitudes that lie on aliomensional scale,
from ‘like’ to ‘dislike’. The author of the game world defines thesi#udes, along with
the inventory of the characters. The SD agent is aware of Htétedes and casts

characters into each of the eight roles based on them.

Character Name Initial Attitudes Initial Inventory
Lili Likes Mimo & Bibi
Mimo Likes Lili & Bibi
Bibi Likes Lili & Mimo
Snomm Magic Mirror
Problem
Blobar
Sergeant Lip Likes Trivmaj & Foot
Dislikes Boniji
Corporal Foot Likes Trivmaj & Lip
Dislikes Boniji
Trivmaj Dislikes Bonji Whirlwind
Wand

Figure E.2: Initial Character Setup

Each actionObject is capable of performing a different actionfHage actions
are classified into types of actions, defined by the attrilugsb’, as used in the Design
chapter as a component of a character function.

ActionObject Name Attributes
Woodlog Wanted
Barfgun Verb: Attack
Bush Verb: Hide
Chain Verb: Capture
Magic Mirror Verb: Attack
Problem Verb: Request
Whirlwind Verb: Expel
Wand Verb: Spell

Figure E.3: ActionObject Attributes
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Each actionObject action is classified by the game world autiorcategories
given by these verbs. The SD agent is aware of theseodatggand can generate sub-

goals for characters to find and acquire these objects if a storyGoal satuire

Move Selection

Move selection takes place by comparing the plot moves fromatbe ltorary
with the current state of the game world. Character attitutépassessed actionObjects,
and available actionObjects in the world, are used in the casgi@elprocess. Each
function is assigned a suitability rating based on the heurigiien in the Design
chapter. The average suitability of character functions moae is used to rate the

overall suitability of that move.

Move (a) Move (b)
Figure E.4: Two Moves Selected for Suitability (Marked with Red)

The suitability values of move (a) and move (b) above are calcwdatsdown in

Figure E.5 below. These are calculated based on the equations gitka iStory

Director’ section of the Design chapter.
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Function # | Move (a) Suitability | Move (b) Suitability

P ININ|IFP P W
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[EEN
o
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[EEN
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[EEN
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=
~

[EEN
a1
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16
Total 10

Average 1.5 1.6
Figure E.5: Character Function Suitability Values

N
N

These two moves are thus selected for combination because thehédnghest

suitability values assigned to the moves in the case library, for this partstuiation.

Move Combination

Move combination is done by taking the two most suitable moves arattxg
the most suitable functions from them, to create a new move thabrs suitable.
Character functions are transferredgnoups so that structural integrity of the function
groups are preserved. The most suitable function from both move (&))aadzbve is the
same, function number 1. However, the grouping of functions given by nugBeend
10 from move (a) have a combined value of only 2. This group isreordgroup’ of

functions, concerning the provision of an actionObject to the Heradiear A donor
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group also exists in move (b) that has a suitability value of 4., Thissgroup will be
incorporated in the new adapted move instead of the donor group from move (a).

Function # | Move (a) Suitability | Move (b) Suitability | New Move
1 3 3 3

2 2 1 2

3 1 T 1

4 1 2 1

5 3 2 3

6 2 1, 2

7 1 i 1

8 1 ' 2

9 1 | T i > 2

10 1 1

11 1 1

12 3 3

13 1 1

14 1 1

15 1 1

16 1 1
Total 24 10 26
Average 1.5 1.6 1.625

Figure E.6: Donor Function Group Transfer for Move Combination

Move Casting

The resulting move is enacted in the game world by castingGataly to
appropriate characters. As the game dynamics proceed, tlaetenslr suitability ratings
for each role can alter, so storyGoals are cast as thegsaigned for enactment. The
eight roles to be cast each have their own rules, given in figndgection and appendix
B. Each of the characters that are assigned a storyGoalbendigst cast in a role. The
series of events that are played out in the game world are described in thengpthle,

with screenshots (Figure E.7).
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1. The beginning — Bonji 2. Meanwhile, Trivmaj has | 3. Trivmaj carries out the
introduces himself to Lili, the subgoal of acquiring the ‘capture’ villainy event by
Mimo, and Bibi. ‘chain’ object, for use in the kidnapping Lili.

‘villainy’ storyGoal.

4. Snomm asks for help from 5. Bonji looks around and | 6. Bonji gladly gives the

Boniji. finds what Snomm is woodlog to Snomm.
looking for — a woodlog for
his fire.

7. In return, Snomm gives | 8. Sergeant Lip pursues | 9. Lili hides Bonji from

Bonji a ‘magic mirror’ Bonji and threatens him. | pursuit with a ‘bush’ object

object.

10. Snomm attacks Bonji. | 11- Snomm Gives Bonji | 12 Bibi greets Bonji on
back a woodlog. returning.

Figure E.7: The Enactment of the Story Move shown in Figure B. This is one

possible variation of the plot, but other characters can be casn the storyGoals.
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