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13.1 Introduction

INSCAPE aims at enabling ordinary people to creptdylish and experience their own interactive
stories with a set of easy to use authoring anseptation tools. One of the projects main featiges
the capability of the system to assume the cowirohe story plot. The “narration engine” plans the
plot, which is described declaratively as an abstead exchangeable model. This is dependent of
current and past interactions. So | will discuss thquirements for a story-engine in general and
present some state-of-the-art runtime environments.

The main purpose of this report is to list existinmtime-environments for the presentation of
interactive stories and to examine whether and thay could fit into the INSCAPE project. Engines
have to be robust and stable, i.e. the latest refsqaototypes are not a good choice and even well
established runtime-environments have to be exatrand tested thoroughly.

In the next chapter, a brief overview of the regoients for a story-engine are given. It is explhine
how the narration engine sends and receives data @ther modules. There are also given some
restrictions to the environment in which the desiege used. Specific knowledge sources that are
essential for the device and give opportunity fluence the tools are mentioned.

In chapter 3, the key component for interactiveysédling — the “narration engine” is described in
detail. Here the focus lies on the engines thaldbilie narrative component and the XML based
environment used for communication between the corapts. At last an existing authoring tool for
creating interactive stories call@yranusis described in depth.

Chapter 4 tries to discover under which circumstarend in which scenarios the presented runtime-
environments and the engines described would Helusghe INSCAPE project.

13.2 Overview of runtime environments

Here are some runtime environments for presentimgractive stories with a computer-system.
Starting with Chris CrawfordErasmatron having a look at the Michael Mantelgacadesystem and
presenting two runtime-environments created by ZGDV
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13. Runtime environments for interactive stories

13.2.1 Erasmatron

Today, Erasmatron probably is the most complex storytelling system use. Chris Crawford
[Crawford, 1999] says that creating stories widysa task for human beings and not for computers
(“Overall creative strategies remains a task farams, not transistors”). His system uses a vededba
strategy which combines character-based and pk#ebstory elements [Crawford 1996].

The development started in 1983 — this first immatation offered a group of gossiping personalities
who built and destroyed allegiances by lying adiihtethe truth about each other. By 1987 this had
become “Trust and Betrayal”, which took place orahen world where the characters fought psychic
battles in their dreams. But during the 90s he rkaa these concepts extensively to support a more
down-to-earth model of the adulterous intrigueKiofg Arthur’'s court, in a still-unfinished game he
calls “Le Morte D'Arthur”. An earlier account by &¥ford of the evolution of the Erasmatron idea.

The ErasmaganzdCrawford 1996]is an advance release of the underlying mechan{tmasstory
engine) for that game, and tBeasmatronis a workbench for building such games. The naereves
from Chris’s hero, Desiderius Erasmus, author die€TPraise of Folly”. Chris’'s company is called
Erasmatazzand has a website with lots and lots of fasamgatlocumentation of thErasmatron
most of which I'll link to, directly, below.

The data structures that require the most spagatearactive fiction, are those that record eveats
characters’ knowledge of events. Crawford’s primaojution is called the “historybook”, which
records all events in chronological order, one ‘page’ (including some that happened only in the
fallacious reality of lies). Each event's page udgs its time and place, and specifies a causailt eve
and some number of consequent events.

Each character has a one-bit flag for each evafiedc“lknow”, that remembers if they’re aware of
the event. Another data structure called the “greqee allows lies or betrayals of secrets to beddh
to their source. (Secret events must be so spedifighe actors before the event takes place.ouari
flags specify events as fallacious or gossip-wqrdnd characters as gullible or implausible. There’
even a special verb for BelieveToldEvent.
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Fig.1: TheFacadesystem with the two protagonists, Trip and Grace

13.2.2 Facade

The Facadesystem, created by Michael Mateas, allows a playewitch in a virtual person with a
own name and gender. The player plays in a scenéitiotwo other virtual humans: Grace and Trip.
In the story he is a long lasting friends of theigle. This night the couple gets in a conflict dine
virtual user is forced to play in the game. Theyptahas an important role in the conflict between
Grace and Trip and both virtual humans try to iefice the player to get on his side. The simulaiion
the scenario takes about twenty minutes and yod &decycles to see all possible results of theegam
(vgl. [Mateas 2003])

The architecture dfacadeconsists of three components : a 3D world with@ga a natural-language
processing system and a Drama Manager. The Dranmadéa contains also a story memory to be
able to remember a what has happend in the stailynow. ([Mateas 2002b])

Facadeuses a character-based approach. A lot of impoetaras invested in mimics and gesture of
the avatars and in the communication of the avatdtis the player. The player can use natural-
language entered with a keyboard, the avatarsdrgétime communicats with spoken language. All
inputs of the player are analysed by a naturaltlagg-processing system and assigned to “discourse
acts”. All “discourse acts” are assigned to grogigieneral meaning like ‘thank’, ‘greet’ or ‘takart

of’. So it is assured that the virtual characténsags answers in a intelligent way. [Mateas 2002b]
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13. Runtime environments for interactive stories

The story doesn't consist only of the interactimisthe virtual humans Grace and Trip and the
interactions of the player. There is also a dramatory-curve created and controlled by a drama
manager (beat sequencéfMateas 2002b]). Facadeis an attempt to find a capable middle ground
between structured narrative and simulatighlateas 2003]

Every beat has an avarage length of about one ejieatbeats are changing frequently and there is no
break in the flow of the story like in levels otamputer game. [Mateas 2003]

Facadeis a simulation, created of the interaction of layer with a 3D world of the story (the
appartment of Grace and Trip), interaction of twoaomous characters and the character controlled
by the player. This simulation is controlled by beama Manager. The Drama Manager also adapts
the rules to the new situation. [Mateas 2002b].

A beat is,

a collection of behaviors tailored to a particidduation or context but still offering a non-tivi
simulation space. Beats are annotated by the auwtfibrpreconditions and effects on the story
state, instructing the drama manager when they raakee to use, in the interest of creating an
overall dramatic narrative — a plot. These precioms and effects serve to specify a partial
ordering of beat sequences.[Mateas 2002b].

The Drama Manager chooses the next best fitting daof a pool of beats. The Drama Manager
knows which beats are already used, which beaitgedelthe expected suspense to the actual situation
in the story, the things the author just spoke @uth more. Beats are somehow the reaction to the
players behaviour, too.

Every beat has a destination, e.g. talking abouitahgroblems. If the player doesn'’t react on the
beat, another beat is choosen. Even if the plagesmt do anything to take part of the story, the
Drama Manager tries to create the players intéoeste story.

The process of building-acade has involved three major research efforts: designivays to
deconstruct a dramatic narrative into a hierarchgtory and behavior pieces; engineering an Al
system to reconstruct a real-time dramatic perfoaeadrom those pieces that integrates the player's
moment-by-moment interactions; and understanding bm write an engaging, compelling story
within this new organizational framework. And aststs puts it: “Along the way we have learned
hard lessons about what works and what doesniténdesign and engineering of interactive stories,
and developed a deeper understanding of what litregjuire to create even more generative story
systems in the future”[Mateas 2002Bhcadewill be publicly released as a free download atehd

of the year (2005).
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Fig. 2: A user with GEIST equipment

13.2.3 GEIST

In the GEIST project (the term »Geist« is the Gerraapression for the English word »ghost«), a
system has been developed to teach students arid atbout the history of a specific place by
offering a personalized, lively tour without a geidnhanced with interactive storytelling. Indivitdua
can walk around an area, and as they (unknowirgproach the location of a scene in a story
consisting of historical facts and fictional elertserthe tour is continued. GEIST is a mobile coraput
game that uses augmented reality technologiesiéoplayful display of historical information in ieis

or at memorial landmarks. It represents the coneept development of a dramaturgy-based story
engine for interactive plot planning in presentasio

The basic idea of GEIST is to make the users mowe 3D computer game with augmented reality
equipment freely through the city of Heidelberg.eyhare equipped with a laptop, a wearable see-
through display, and tracking sensors. Via headebidhe “ghosts” contact the pupils as soon as they
enter a place of historical relevance. They appaathe wearable display in front of object
reconstructions from the past and tell the pumlsts about the history of the place that played a
certain role in the Thirty Years’ War. The wholengaforms a story which is composed according to
the particular pupil and the way he chooses. Aatiam engine uses preauthored story-elements and
creates new ones on the fly, keeps the story alergsing — no matter of the route. Despite of othe
games this game is exciting for everybody and adwegds to a good end.

As described above, the overall story is dividei iscenes at several locations within the city of
Heidelberg. Each scene consists of a mixture dfanea virtual objects. The real objects are aviédlab

in the real environment of the user. The virtugkots are managed in a 3D scene graph. The objects
and their behaviour are selected and directed éystbry Engine. To be sure the real and the virtual
world are overlapping each other it is necessarhaee a relation between the two worlds. This
relation is given by the GIS. The user’s positisriracked the whole time. This tracking is conngcte
to the GIS. So the system always knows where teeigsand which objects are in his surroundings.
The 3D objects in the virtual world are relatedtie GIS. So the user's movements in the real world
can be transformed to movements of the user’s septation in the virtual 3D environment. This
makes sure that the real and the virtual world lmauseen at the same time and are overlapping each
other.

To provide the user with an interesting, individaald informative story, it was necessary to have a
system that can manage non-linear stories[Grasboh]2by dividing it into scenes depending on the
users interaction on his way through the city anch&inage this scenes.
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13.2.4 Virtual Human

The aim of Virtual Human is to combine Computer @vias technology with speech and dialogue
processing technology in order to develop methau$ @ncepts for “realistic” anthropomorphic
interaction agents.

Whereas interactive storytelling techniques armarily used for the dialogue and narration engmse a
control unit of the Virtual Human run-time enviroant, computer graphics technology is used for
photo-realistic rendering and appearance of Viridaman characters within the Virtual Human

rendering platform.

Since the Virtual Human projects start in late 2082 early demonstrator was set up in the summer
2003 illustrating the basic principles of the VattHuman components. Another major step was the
first integrated Virtual Human demonstrator presdrdt the CeBIT 2004 exhibition fair in Hannover,
providing an eLearning scenario.

The Virtual Human runtime environment is a layestdicture with a story-engine which does all
dramatic narration operations, a dialogue engirth @li the simulation material, like core dialogues
the gesticon, emotional representation, contextsah@duler, and a player with a renderer to display
the story on a specific plattform with skin and bsrsystem, morph targets, IK-engine and rendering.
All the communication between the components ifizea with a couple of xml-based scripts which
represent the messages. These markup-languageslk@ DirectionML, PlayerML, SuspenseML
and StorymodelML. Each component refines the staoye and more with narrational elements and
simulation.

From a technical point of view, figure 3 providesaverview of the major components of the Virtual
Human platform:
The content layer consists of a domain model pingigdeometry, story models and character
models, pedagogic models, media, etc. Furtherneaiiors are used to create application
scenarios and stories. The output of the contget g realized as a story board.
The narration engine consists of a story enginetralling a scene engine and an
improvisation module. The output of the story ergare directions coded in xml, called
Direction ML for ...
... the dialog engine. Here, dialogues among Mitharacters are generated during run-time
and sent to the player component in form of anathdr called PlayerML.
Finally, the player component renders the 3D emwitent and sends corresponding data to
the visualization platform.
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Fig. 3: The Virtual Human Runtime Environment.

Since the project start in 2002, various VH dem@itsts have been established, for example for the
CeBIT 2004 a Virtual Human system consisting of ial@ Engine from the DFKI and Avalon as
player component was presented. Hereby, the vithalacters are realistic models designed by
Charamel in 3ds max / character studio, which Heaen exported with a VRML exporter provided by
INI-Graphics Net resulting in H/Anim 2001 [4] hunmads to be used within the Avalon VR player. In
this scenario, user interaction is limited to nplétichoice selections.

Fig. 4. The Virtual Human Demonstrator at CeBIT 200
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13.3 Narration-Engine and Markup-Languages

A so-called “Narration Engine” assumes the contfdhe story plot. This engine consists of a “Story
Engine” and a “Scene Engine”’[Braun 2002c]. The ystémgine [Grasbon 2000] plans the plot, which
is described declaratively as an abstract and exggable model. This is dependent of current antd pas
interactions. The Story Engine delivers to the 8déngine the adapted scene to be played at arcertai
moment. This section outlines some of the expeesitieat interactive narrative might encompass and
some description of taxonomies that have been wasadalyze them.

13.3.1 Narration Engine

The Narration Engine [Braun 2002d] controls both tlarrative and the didactic progress of a session.
For this, the Narration Engine executes concuryatdtlarative story and learning models, which are

represented as XML documents. Those models guieletbice of “scenes”, which are elementary

portions of the variable story line, usually takipigce at a single place and time. Thus, during run

time story creation, scenes are subsequentiallgesh@ut of a pool of scenes, according to their
appropriateness with respect to the learning anbiéodramatic situation.

From a technical point of view, a single scene mtesof XML-directions, formulated either in
DirectionML or directly in PlayerML (see next paragh). In the first case, the engine issues alistrac
commands to the CDE (Conversational Dialogue Engiméhich then leads the conversation
accordingly, assembling sentences out of data indsemation. E.g., a direction to the CDE could
have the meaning ofdiscuss the composition of the sun in an Q/A-mamm&r minutes In the
second case, the directions are concrete dialogsetagether with corresponding animations, which
are displayed without further refinement. This $pecially important for sections where the author
wants to define every detail of the gestures anddsvof the virtual humans, or for dialogues and
events which cannot be appropriately generatetidCDE.

The Virtual Human platform is in some way very getieallowing to replace/exchange components
by other components providing the same functionadind following the well-defined interfaces.
Further on, it is scalable, referring to the intgdhce of the system. Subsequently, their different
“levels of intelligence” for Virtual Human demonators and prototypes, see figure 5:

1. The most simple level consists of predefined scaare$ dialogues created within in the
authoring environment and directly sent to the @fayn a second step, predefined scripts are
smoothly modified (assembled) and processed by\treation Engine as control unit of the
VH platform. No interaction is possible in this &v

2. Using the Dialog Engine to create dialogues dururgtime, “intelligence” is brought into the
system. Thus it is possible to generate very fmamsands by the Narration Engine such as
“Tina is talking to a user” or “Ritchie is greetiriige user”. Hereby, commands are coded in
Direction ML and sent to the Dialog Engine. ThelBiaEngine generates commands such as
speech acts (Tina says “My friend Ritchie and miaree you!..”) and send these commands
to the Player using Player ML. Within this secoeddl, predefined interactions are possible.

3. In a third intelligence level, bidirectional commcation between the VH components is
enabled taking into account events caused by useractions. Hence, the story have many
variations and users are totally involved in thel@ation and become “authors of their own
story”. In this sense, Virtual Human represents latf@rm for Interactive Storytelling
applications.
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Fig. 5.Virtual Human Platform — Interaction level concept

13.3.2 PlayerML — Player Markup Language

The Player Markup Language (PML) is a XML languadech takes up concepts from the RRL (rich
representation language) [10]. PML defines a forfoatsending instructions (commands) from the
dialog-manager to a 3D virtual reality system (VRyer Avalon [1]). Additionally it defines a
message format which can be sent to a player ervest from it. PML scripts are strictly scene-based
A scene describes the 3D space, containing obpeudsvirtual characters as well as all possible
actions for objects or characters (e.g. movemaeartation, interaction).

At the beginning of a new scene, all static objeutsl characters are defined by sceneDefinition
scripts. During the scene actions, scripts descalbaun-time dependent actions based on their
temporal appearance. PML distinguishes betweenedagions, CharacterActions and WorldQueries.

Hereby, SceneActions represent actions dependirigeowirtual environment (e.g. fade-in or fade-out

of Objects). CharacterAnimations are actions whialirtual character can make (e.qg. talking, smijling

walking).

Altogether, PML is an abstract specification larggiat is independent of the implementation of the
VR player and the virtual environment. But any jgliesyused, have to convert the abstract definitions
of PML to their own set of commands.

PML is used as a descriptive interface markup laggubetween a dialog creating environment
(dialog engine) and the VR player and it synchresiall steps of dialog-generation. In the firspste
very common representation of the dialog is geedrai the next step, additional information (e.qg.
emotion, timing for lip-synchronization) augmente tdialog-skeleton. In the third step, the dialog i
enhanced by using fitting animations like mimic asttier animations. The result is a script with
abstract commands to the player which is sent &wgtheduler to the player.

The following example shows a slightly simplifiedMP actions script. The animation tags refer to
preloaded animations, which are referenced to ey thame. In complete PML, the tag sentence
would contain a list of phonemes, including thairation, which are mapped by the system to facial
animations, as well as a source URL of an audi fihich contains generated speech.

IST-2004-004150 Page 336



13. Runtime environments for interactive stories

Example for using the PlayerML: A diaglogue of avatarSven

<playerML id="s1">
< actions >
< characterAct id="ca2">
< character refName="Sven"/>
< animation id="a3" refName="pride"/>
< sentence id="s4">

< text >This sentence shall be spoken proudly.
</ text >
</ sentence >

< animation id="a5" refName="progress"/>
< temporalOrder >

< Seq >
< par >
< act refld="a3" begin="0" dur="4000"/>
< act refld="s4" begin="300" dur="3700"/>
</ par >
< act refld="a5" begin="0" dur="2000"/>
</ seq>
</ temporalOrder >

</ characterAct >
< temporalOrder >

< seq >
< act refld="ca2"/>
</ seq >

</ temporalOrder >
</ actions >
</ playerML >

13.3.3 DML - Direction Markup Language

DirectionML represents a XML-based script langutgitialize a scene. It describes all static gcen
items such as background, position and orientatiothe virtual characters and the virtual camera.
The DirectionML is created by the Narration Engamal sent to the Dialog Engine to set up the scene.

Example for using the Direction ML: Scene Initialiion

<directionML>

<object id=" Background "> ....</object>

<user id=" User "> ... </user>

<character id=" Tina ">
<position type="absolute"> <point x="-1" y="1"/ >

< direction > <user id="user"/> </ direction >

</position>

</character>

<character id=" Ritchie "> ...</character>

<light> ... </light> < camera >...</ camera >

<scene name="  greet_user ">... </scene>

</directionML>

13.3.4 StorymodelML and SuspenseML

There are two more XML-based languages in the wlhing runtime-environment: StorymodelML
and SuspenseML. The StorymodelML is based on aa®h of scenes and contains an abstract story
model with all its plot points and dramatic arc.

The Suspense Markup language contains a list aoallexts which occur in a story. In addition, the
contexts listed, can have subcontexts. This dessnithich context belongs to an other context. In
addition, the attributgpermanentcan be added to the contexts, which defines thidegb as input
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parameter, indicated at the beginning of the st@ontexts that appear twice or more times havesto b
listed more than one time an must be different fadhthe other contexts with the same name (for
example different subcontext).

<context contextiD =*“Name*
number = “numberofsontexts”
weight = “weightofcontext”
min = “minvalueofcontext”
max = “maxvalueofcontext” >
<time contextID="min“ ...>
<context contextiD ="N2“  number =*"A2" weight ="W2"...>

</context>

The context tag defines contexts that occur withim story. The < context > tag can occur within
<set> , <needed> and < contextList >. There are fimrameterscontexID contains the context.
numbermarks the number of possible subcontexts. Allgatenumbers are possible, an indefinite
number means 0. Humbershould not be indicated, 1 is accepted as defallie. Withweightthe
importance of this context is indicated. Importanaa take values between -1 and 1. For each context
there can be a subcontext, indicated by indentidh.contexts within < scene > tags are to be
considered according to their priority. The atttésmweight, minand max can be omitted and will
automatically be set to 1. All contexts must alwégscompletely indicated in accordance to their
structure and subcontexts. In addition, thereespibssibility to set two < time > tags as min oxiriia

a time for the context can be calculat&tleightis successively evaluated, so the contexts and
subcontexts are directly dependent of each otterifithe highest context stands on -1, that means
that none of the subcontexts will be set — evahake have a weight of 1. The priority depends not
only on the context itself but also on the priodfithe superordinate context.

Example
<context contextID =“Name* number=“blah“ weight =“weight :-)*>
<context contexID = “X4*  weight ="1"/>
<context contexID = “K2“  number ="2“ weight =*0"/>
<context contexID= “N1*  weight =“0"/>
<context contexID = “N2*  weight =“1"/>
</context>

The first two contexts in the example above (X4 KAyl are both subcontexts on the same level, they
must be considered according to theiighttags. The second subcontext has further subcaentext
whose number amounts to 2. Singeightindicates only 0, meaning, it doesn’t matter wketthe
context is included or not. It also doesn’'t mattéwether none, one or both subcontexts are included
If K2 would haveweightvalue 1, both subcontexts would be usegdighthas avalue between 0 and

1, it depends on the values of the subcontext vendtiey are used. Since these are 0 and 1, 1 riteans
will probably always be used and 0 means it willydpe used sometimes. So we have a relatively
clear description variant, which maintains alsoFezy logical principle.

13.3.5 Cyranus: an authoring tool for interactive s tories

If you want to use a narration engine you also reebl which is easy to use for authoring and Wwhic
creates all the XML-based documents. ZGDV developgch a tool calle€yranus Cyranusis an
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authoring tool, which allows story generating addieg, based on a hierarchically directed grapth an
on rule based systems. The principal goal thateguttle development &yranusis the intention to
combine the established, visually intuitive directgraph approach (“frames, bubbles and arrows”)
with visual support for rule based control. Thisbecause of the shortcomings of directed graphs —
many kinds of complex behaviours are virtually iepible to author and to maintain, if a directed
graph is used. Thus, several technologies shalilshble at once, within a single story, while always
maintaining visual and intuitive support.

Furthermore Cyranusoffers GUIs to control the behaviour of N virtudiaracters, of their virtual
environment and of associated devices.

The combination of rules and the directed gragckieved by the novel use of “frames”: A frame is a
certain kind of “composite state”. Technically skieg, Cyranusoffers a novel kind of integration of
Harel's State Charts (a hierarchic transition nekweith guard conditions) with any kind of rule
based or planning system (currently, the produdimtem “Jess” is fully integrated).

A frame is, looking from the outside, simply a etahat has an encapsulated (hidden) internal
structure. But at the same time, a frame may deftoacerning the elements that are contained
directly inside the frame

a set of rules.
a set of elements to which these rules will beiagpl

Fig. 6: TheCyranusauthoring environment
Thus, a set of rules may be attached to any frame the elements inside the frame (which are states
or themselves frames) may contain metadata thategefiow the rule set will apply to this element. A
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combination of a rule based approach with a dicegraph is possible everywhere (i.e. arrows might
be used everywhere and will have priority over arlg).

Since the frame-approach creates a hierarchy, tshijggide the hierarchy are not accessible from the
outside. Thus, states become hidden and inacoesS$iblenable multiple access to the same state from
different positions of the hierarchy or from diet hierarchic trees (without violating the
encapsulation of composite states), the concemt Hfame reference” was introduced. A “frame
reference” is a reference to an actual frame they be located at any place. A reference may be
viewed as a copy of the actual frame that is autically kept updated.

Cyranusis able to export the story in XML. The storymodéth all acts, plots, avatar information and
the suspense curve of the storymodel, is store@tarymodelML. All scenes with diaglogues,
interactions and animations of the virtual humanesstéored in SuspenseML.

The current development stage @franussupports directly only the meta-data type “patérand
“categories”, and only a single set of rules isdufee chatting. This limitations were introduced the
sake of certain experiments; they are not intribgiCyranus Cyranusis easily adaptable to any kind
of rules and meta data.

13.4 Conclusions

In this document | have tried to give an overviefvddferent available runtime-environments for
interactive storytelling systems. The key comporierthe Narration Engine. The Narration Engine
assumes the control of the story plot. This engmesists of a “Story Engine” and a “Scene Engine”.
The Story Engine plans the plot, which is descridedlaratively as an abstract and exchangeable
model. This is dependent of current and past intenas. The Story Engine delivers to the Scene
Engine the adapted scene to be played at a centaiment.

Several of the presented technologies are desciibearief. For a better understanding of the
capacities of these technologies, their functidpad explained. System requirements are mentioned
and environmental restrictions as well as adveirssummstances for some of the components are
shown. The existing solutions listed in this docaot&re all state-of-the-art, even if they are alyea
established.

Finally, we should also aim to learn from previ@empts to create computational environments for
developing narrative or computational story engiries example Chris Crawford’EBrasmatron and
Facadedeveloped by Michael Mateas and ZGDVs Narratiogigs used for the GEIST and the
VIRTUAL HUMAN projects. Learning from these previewefforts is essential to the success of this
research project.
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