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ABSTRACT

Scenarios are narratives that illustrate future possibilities, such as proposed systems or plans, and help policy makers and
designers choose among alternative courses of action. In view of the decision-making uses to which scenarios are put, it would
be valuable to elaborate scenarios at multiple levels of detal or to substitute detailed eventualities by starting from a common
core of narrative episodes and refining them differently. Although domain-specific techniques and computational environments
exist for encoding simulating and manipulating scenarios, there exist no general-purpose scenario representations between the
extremes of formdity and informality provided by executable simulation programs at one extreme and free-form text or
streaming media descriptions at the other. The challenge is to define a representation for scenarios that supports a wide range
of discussion and comprehension activities while remaining independent of content and access mechanisms. Our approach is to
define a representation based on the morphology of narratives and the activities of storytelling, an approach that separates what
a narrative is from how scenarios are used to support decision making. This paper describes the representation, a markup

implementation (SCML), and their use in the management of simulation experiments.
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INTRODUCTION

System designers and policy makers use scenarios to assist them in making design and policy decisions. Scenarios &
throughout software development to examine alternate design decisions and requirements [5]. Throughout the 199!
design research communities in human-computer interaction, object-oriented software design and business adminis
have paid concerted attention to user-centered design representations that utilize scenarios [1]. Some of these

proposed methods for establishing categories of scenarios as design artifacts in their own right [6].

Scenarios are important in management and enterprise modeling. Scenario-based risk assessment is an effective cost-benefits
analysis technique for determining future directions of an organization. A major technique in business process reengineering is

the creation of scenarios that illustrate how a business actually works and how its operations might be improved.

Within cognitive science, socia science and cultural studies, many writers have elevated narrative to a central position in their
models of explanation, inference and interpretation, and in the application of these modds to professional practices such as
pedagogy and educational technology [11]. In genera, scenarios resemble and externalize menta models and thought
experiments. The decision-maker may test hypotheses by constructing what-if scenarios on top of a baseline description of the
situation under consideration. Whether these scenarios are merely described, enacted through role-playing, or simulated
computationally, whether they faithfully represent areal phenomenon or merely provide the outline sketch of a possible course
of action, the intention is the same: to clarify the relationships among actions and features of a situation and to understand

better the consequences of actions.

The purpose of the research we describe in this paper is to develop a computational representation for narrative to aid policy
makers, systems developers, and trainers who need to ask such "what-if" questions in their decision making. We distinguish
two aspects of narrative representations for scenarios: the static structure of narrative content, and the dynamic unfolding or
"tdling" of the narrative. By separating structure and use, it is possible to construct environments for diverse scenario-related

activities.

To make it convenient to create different presentations of the same scenario content, we introduce the concept of a hypermedia
scenario document, or hyperscenario. As with any other form of content, non-linear links among text, graphics, and other
multimedia elements support multiple perspectives and ways of discussing scenarios. Going beyond this generic feature of

hypermedia, however, hyperscenarios are aso active documents that transcend the standard navigational interaction of much



hyperdocumentation.

The following section of this paper describes the issues involved in designing a hypermedia scenario representation. Our
explanation borrows terms and concepts from the film industry. We justify our choice of XML for the structural aspects of the
representation and illustrate its use in defining SCML (Scenario Markup Language). We then discuss the dynamic aspects and
issues involving where interpretation, browsing and "telling" capabilities should reside in the representation itself or in the
applications that manipulate it. We then illustrate the framework and SCML with what-if decision-making example drawn

from asignificant logistics problem of the kind frequently studied by the US Army in simulation exercises.

THE HYPERSCENARIO FRAMEWORK

In the film industry, the screenplay is a standard format for the document that describes a movie or a play. [4] The screenwriter
does not just translate a novel into a series of scenes, but gives some notion of a relationship between the story eements and an
overall flow of action. The director and film editor then decide what form the story should take. The same screenplay can be
used to create a storyboard, generate a soundtrack, describe costume requirements, forecast the budget, and outline casting

criteria

Itis this separation of concerns between a screenplay's form and its uses in telling its story that underpins our representation for
scenarios. First we describe most of the components and structure of narrative scenarios. In the section that follows, we discuss

how scenarios are "told".

Building a Conceptual Model for Scenarios

The fundamental building block of scenario isthe action. An action is anything that happens in the context of the story. It could
consist of characters communicating, the physical movement of an object, or a change of state. Actions are not the only
components of a scenario, but they are the most important. Although actions are performed by actors and cause changes to

occur in objects, it isthe actions themselves that make a scenario a narrative rather than amere description of a situation.

For our purposes, it is sufficient to treat actions as a basic category and concentrate instead on how actions are combined and
manipulated in the broader and more purposeful context of a scenario.  Our scenario structure derives from the story grammar
or story schema models of narrative cognition that several cognitive psychologists proposed in the 1970s. These story
schemata were developed to explain the differences in ease of story comprehension and recall [10]. According to these models,

a dory is a string of narrative elements. The most conventional and memorable orderings comply with a phrase-structure



grammar, the non-terminal nodes of which include goal-oriented terms such as episodes. While story grammars are no longer
taken serioudy as a model of narrative cognition, they form a useful basis for computational descriptions of scenarios for

design and evaluation purposes.

An important concept intermediate in scale between the entire scenario and the atomic (for our purposes) action is the episode.
What digtinguishes a group of actions as an episode is that they serve a common goal. In each episode, there may be severa

sets of actions that would accomplish the stated goal [9].

Just as stories must contain some conflict to hold the audience's interest, so a scenario is only interesting to the extent that it
illustrates or helps the decision-maker explore situations in which goals are thwarted or endangered. Conditions that imperil

godls are called obstacles.

Participants in a scenario come in a number of varieties that perform specified roles. One such role is the stakeholder, a person
or organization with a stake in the outcome of some aspect of the scenario. While a stakeholder may not do anything to affect
the outcome, a stakeholder can be grestly influenced by events in the scenario. The dient of a feasibility study or policy
evauation is like the audience of any story, but is less disinterested in the outcome of a scenario. In this role of scenario client,
a stakeholder may congtrain the scope of the narrative by defining what may or may not happen or go wrong. These concerns

are represented as exceptions and constraints, which are specific cases of conditions used to limit the scope of the episodes as a

scenario unfolds.

Most characters in a narrative are agents. An agent has the responsibility for performing actions whether or not it has a stake in
the outcome. In planning scenarios, it is so common to encounter situations in which some agents (competitors, opponents,
enemies) oppose the actions of another that these obstacle-raising agents are considered as a specific type, the antagonist. An
antagonist performs actions that may block the successful completion of episodes. It is the inherent conflict between achieving

goas and thwarting antagonists that makes for an interesting narrative, whether afolktae or a business scenario.

A composite role is the actor. An actor is both an agent with responsibilities for actions as well as a stakeholder influenced by
what happens. In most situations, entities in the story are best described as actors, since what occurs in the narrative may

influence the actions that are available.

A more passive role is that of the prop. In theater and film, props are usualy thought of as inanimate objects. More generaly

however, a prop is any target of an action. In military scenarios, a given resource such as a company may be regarded as a prop



at one level of detail and as an agent (or collection of agents) at another. At a still finer level of detail, the company may be

regarded as a stakeholder in the outcome of tactical actions.

Figure 1 shows the conceptual model for scenarios represented as a UML (Unified Modeling Language) class diagram [4]. The

diagram establishes a hierarchy of story elements and the associaions among them. Each dement is a first-order object that

can be manipulated within scenarios like the stock cutst of film editing.

The Storytelling Process: Scenario Navigation

Storytelling can be thought of as a form of purposeful navigation through a set of events. Whether the purpose is
comprehension, learning, entertainment, or speculation about an imagined environment, it is task of the storyteller to weave
these event chunks into a meaningful whole. In filmmaking, the technology and linear ordering of the viewed events has given
rise to the aesthetics and terminology of film editing. Although scenarios are liberated from the pre-planned linearity of film
narrative, we adopt the same terminology because it is so useful in distinguishing narrative ements from the sequencing and
continuity of their presentation. In the case of screenplays, a critical pair of concepts in this transformation from plot to
implemented narretive is the scene and the cut. A scene is a sequence of clips that take place in a particular location [3]. In a
scenario, the "location” that distinguishes a scene need not be a physical place, but it retains the place-like notion of state. Cuts
are edited transitions between scenes. Several kinds of cuts are distinguished in film theory because of their contribution to
narrative impact. One type is the transition cut which is necessary to move from one scene to the next. Overlaying transition
cuts is difficult because they mediate the continuity of a narrative. Another style of cut is the reaction cut. These are responses
to some change in the state of a story. Reaction cuts are used to alow characters to interact and to dlicit some leve of
engagement from the audience. By "viewing" a character's reaction to some situation onscreen, the audience can infer their
emotiona state. Effective use of reaction cuts decreases the amount of exposition or explicit narration. Finally, a jump cut isa
sudden switch of viewpoint within the same scene. Navigation through a scenario, unlike the cutting of a film, does not have to
result in an unchanging or pre-planned sequence of events. There are many examples in literature and filmmaking where non-
chronological presentation of a story enhances its impact. Each showing of a film or reading of a text yields the same
presentation of the events. Our model for scenario navigation is influenced by Murray's [8] concept of multiform stories and
their implications for computational narrative. A multiform story presents a single plotline with multiple tellings. These

versions could be same story told from different perspectives or variants of the story with some significant detail modified. In

1A stock cut consists of previously created footage of actions that can be retrieved from a library and pieced together and used as a placeholde
filming.



addition to multiformedness, scenario navigation requires support for both procedura (rule-based) and participatory

interactivity [8].

Figure 2 illustrates the linking strategy between scenario elements. The links are the method for moving through the scenario.
V1 and V2 are variants of the same scenario from different viewpoints. S2 represents a different scenario. The first type of link

isthe setup. Thiswould originate from an episode or event that initializes the story.

Changing viewpoints requires the presence of a cut. The episodes and actions in V2 are the similar to V1 but told from a
different perspective. Actions enclosed by an ova are egquivaent to each other. This equivalency relationship establishes a

class or set of actions. The choice of any action within the set has the same effect on the flow of the episode.

Dependency is the second relationship among actions. Given an action, the possible next moves can be determined through
breadth-first search of dependency links. The notion of a flashback, rewind, and transition link were developed from the
filmmaking modd. A flashback link allows an entry point in the story to exist a any point, with the ability to review
background information if necessary. Flashbacks would generally be on the level of an episode because the level of detall
being sought. Contrast that to a rewind link, which allows for backing up within an episode between actions. Prerequisite and
transition links establish dependencies a the episode level. Post- and pre-condition episodes would have to be completed
before or exist prior to this type of movement. The decision link is the most important from the standpoint of analyzing

alternate paths. Thisis the only type of link that crosses scenario boundaries.

IMPLEMENTING THE FRAMEWORK AS A MARKUP LANGUAGE
Our goal is to represent the structural and linking modds in a form that is general enough to describe the structure of any

scenario, yet expressive enough to support different external views of the data. The choice of a markup language supports both
these objectives. Markup languages describe a document’s structure, leaving presentation details to the capahilities of the

structure-aware applications.

Specific markup languages are defined from XML [12] by creating a DTD (Document Type Definition). The DTD defines
allowable components and structures for documents of its type. Designing SCML therefore involved determining which

entities, elements and attributes to represent and the rules for combining them into a document encoded as an XML DTD.

Figure 3 is an excerpt of the DTD for SCML. Major story components, such as episodes, goals, actions and cuts are all

reflected as elements in the SCML DTD. Another important aspect of SCML is the support for the link strategy. Within an



XML-based language, the developer can define link types using XLL (XML Linking Language). SCML links are bi-
directional. Extended links can target a selection of possible document artifacts, as opposed to asingle file. External programs
can be executed by activating a link using this method. Cut links are therefore implemented as extended links, allowing for
cuts to any location in a corresponding episode. In the following example, we depict the process of creating hyperscenario

documents and using the typed links to navigate a narrative.

SCENARIO-DRIVEN SIMULATION EXAMPLE
So far, we have discussed the design issues that went into constructing our hyperscenario framework. The separation of

concern requires the gpplication domain to present tools for parsing and manipulating SCML-based narratives. The rules and
policies of a domain assign semantics to SCML story elements. To illustrate the approach we have chosen an Army battle
planning simulation. A military domain is extremely well suited for depiction using hyperscenarios, due to the amount of
established doctrine for any activity, particularly battle planning. The decisions making process and participant responsibilities
are described in Army field manual [6], which is essentially a manual for battle planning. It is straightforward to determine
potentid episodes, actors, actions from documents the field manual. We begin with an overview of a specific Army modeling

and simulation exercise used for analyzing command and control issues.

Using Constructive Simulation for Battle Planning

The Department of Defense has focused much attention in recent years to the use of modeling and simulation for developing
and analyzing the military systems of the future. Decreasing budgets, coupled with the necessity of being prepared for multi-
faceted types of military activities, such as humanitarian interventions, joint peacekeeping efforts, and other “Missions-other-
than-War” have created a need to prepare for unforeseen missions. There is also a requirement for the military to attempt to try
out unfielded and evolving weapon systems and technologies to see how they might affect their tactics, techniques, and
procedures. This analysis is being done by means of simulation and modeling, from conventiona (live action) wargaming to
completely virtua simulations. Constructive simulations, the man-in-the-loop style of simulation, are being used by the Army
to determine the affect of new technologies on Command, Control, Communications, Computers, and Intelligence (C4l). These

simulations are generally done as wargames in which participants are given assigned roles.

The Mounted Warfare TestBed at Ft. Knox is equipped to handle battlefield smulations. One of the authors participated as an
observer during a recent constructive simulation experiment referred to as the Battle Command Reengineering (BCR)
experiment at the Mounted Maneuver Battle Lab, also at Ft. Knox. The purpose of the BCR experiment was to gauge the effect

of new technologies on a batalion-sized maneuver unit (tanks). An Army tank battalion was set up to fight on a virtua



battlefield using the Army's ModSAF (Modular SemiAutonomous Forces) simulation system. ModSAF is a simulation
environment with virtual objects representing tanks, scout vehicles, artillery units, and other combat platforms. ModSAF
simulates the hierarchy of military units and their associated behaviors, combat vehicles, and weapons systems[2]. An
opposing force (OpFor) was also present in the battlefield and being driven by human participants representing the enemy. The
participants ran the smulation from static mockups of battlefield vehicles, using onboard computer systems with collaborative
technologies (shared whiteboards, digital radios, etc.) to view the battlefield. During a simulation exercise, tank mock-ups and
command vehicles communicate by radio according to standard protocols that govern actual mission interactions. This digital
radio communication data, along with data streams from the simulation software, were recorded as an event trace for

subsequent analysis.

The experiment lasted over a period of two weeks. Each day of the experiment involved several mission scenarios that were
guided by the operationa orders (OPORDSs) of the day. Continuity was maintained between individual simulated missions.
The missions were chosen to try and illustrate specific arrangements of combat forces. Except for the instructions outlined in
the OPORDs, the missions were open-ended; the participants did not known how things would unfold until they occurred.
Many unexpected events happened, some due to the normal complexity of the battlefield (real or virtual) and some due to
technical problems with the simulation software. ModSAF Client workstations displayed 2-dimensional views of the battlefield
within real-time over aterrain map. |cons represented friendly and enemy forces. Each represented a unit within the battle, not
necessarily an individual vehicle, thus giving the commander an abstract view of the simulated battle, not the movement of

individual vehicles, squads, or platoons.

After each day's battle simulation, the participants would discuss the activities during informa "hotwash" sessions. The
facilitator would ask questions of the participants, such as "Did you find the use of robot cameras useful for your situational
awareness?' or "Do you think that we will require as much reconnaissance and surveillance if we have this technology?’
Some of the questions were easily answered by analyzing the data stream for resource utilization, timing of events, and
positional data for troop movements. Evaluative and hypothetical questions, in contrast, are based on the participants
perception and recollection of how the simulation proceeded. Many of these questions have a "what-if" nature that could be
answered during a simulation of different scenarios (for example, removing the amount of resource available during the battle
and then recording the change in tactics). In many cases, just such “what-if” scenarios were explored on subsequent days of

the experiment.



Hyperscenario Support for Battle Planning

This imposition of semantic organization on a mass of raw data resembles the layering of logical schemas on the physical
records of adatabase (see Figure 4). Just as SQL imposes arelationd view on data, so, by analogy, SCML imposes a narrative
structure on the raw event trace generated by the back-end simulation program. In our framework, a simulation system like
ModSAF serves the same purpose as a database management system. Just a SQL database transactions are of three types
(schema definition, update, and retrieval), so SCML can be used for an analogous set of three scenario “transaction” types:

scenario authoring, intervening in arunning simulation, and retrieving the state of arunning or completed simulation.

Problems occur at decision points or when events trigger a change in the course of the scenario. The scenario creates new
obstacles to test the participants' performance. These decision points can include notification triggers, where the scenario
facilitator can stop the action or redirect it, depending on not only temporal ordering of events, but aso occurrence of events or

conditions—e.g. "When at least 3 tank platoons have reached Phase Line Ddta, do the following...”

Hyperscenario authoring is accomplished in the battle-planning domain by analyzing army organizational and planning
documents. The army operations manual [6] describes in detail the phases within a battle according to a specific doctrine.
These phases easily map to episodes. The organization of al units, both in terms of personne required, responshilities,
amount of equipment, are al specified. These documents, in electronic form, could be analyzed to automaticaly generate a
template for a battle. Other data that describes mission objectives can be analyzed for specific data. For example, Figure 5
shows an operational order (OPORD) represented as a graphical overlay map with annotations to explain the mission. The
symbology of the map aong with the shorthand abbreviations for the units, is enough information for a domain expert to create

adetailed scenario.

The hyperscenario generated from the OPORD and other documents become the “script” for the battle. In order to intervene
and recelve notifications, specia markup elements are needed in the hyperscenario. Figure 6 gives an example of SCML
markup for an intervention. In this case, the simulation facilitator wants to find out what the forces will do if significant
portions of the ammunition assets are reduced suddenly a some point. Before the action is performed, the application program
monitoring the ModSAF simulation receives natification of a specific condition. A decision link is then activated to perform
the action requested by the simulation facilitator. The simulation data could be analyzed after that point to determine how

tactics change to absorb the loss of resources.



After the battle is over, amore detailed scenario of the battleis available, which may now be queried to find out how the troops
performed. This document provides a more objective source of information than the participants memories for discussion

during the hotwash sessions.

RELATED & FUTURE WORK

The current status of our work includes a working standard for SCML and a detailed analysis of (scenario-creating)
hypothetical questions that were asked in real hotwash sessions from the BCR exercise. Drivers for ModSAF do not yet exist,
and our first scenario-based applications are being designed on a more manageable and open simulation environment, such as

SimJava[7].

Follow-on tasks for this research involve the design and implementation of an hyperscenario-aware ModSAF client. The
origina simulation was written to be extensible. There is a developer's guide with guiddines for extending ModSAF's
capabilities. The events and notifications that can be used for ModSAF will be represented in an external monitor/server.
Individual client tools to support scenario authoring, interventions, and querying will be written to communicate with ModSAF

through awrapper environment.

Research questions to be examined in further detail include manipulating multimedia objects, handling multiple entry points,

supporting collaborative scenario navigation, and increasing the level of direct interaction.

The present work is firmly grounded in a specific smulation exercise because we believe strongly that the narrative structure
of scenarios should be determined from empirical investigations of how scenarios are naturally used by decision-makers than
from theoretical preconceptions. Nevertheless, we are interested in scenario management more generally and the plotting and
telling of scenarios using hyperscenarios. For example, scenarios are also an organizing principle for simulation-based and
role-playing games. Computer-based games such as DOOM, Tomb Raider, and Myst immerse players in scenarios in which
the ensuing events depend somewhat, but not entirely, on the player’s actions. There may be some leeway in how the player
accomplishes a particular task, but for the most part the system can only respond in limited ways. In the Early 80's, text-based
MUDs such as the Hitchhikers Guide to the Galaxy alowed for a large number of outcomes based on a handful of potentia
moves. We are investigating the arena of games in addition to decision-support simulation because in entertainment

applications, the plot structure and storytelling methods have more potential effect on the value of the user’ s experience.
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Figure 2 Hyperlink Strategy




Figure3 DTD for a Hyperscenario Document




Figure 4 Framework for a Scenario-driven Simulation




Figure 5 Overlay Operational Order




Figure 6 Simulation I ntervention Markup




