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CONVERGENCE BETWEEN REAL AND VIRTUAL WORLDS:
EXPLORING EMERGENT DESIGN IN THE SENTIENT WORLD SIMULATION

ABSTRACT

In this paper, we advocate that Virtual Worlds may serveveabée vehicle for scientific
inquiry in certain modern contexts. We explore the arguments for Virtual Worlds, and
evaluate what it takes to build such a virtual world that may faciliatfeconvergence
with the real world and support rigorous scientific inguik central issue we address is
the need to reexamine the design science paradigm to facilitate the development,
validation, and use of scientifically viable Virtual Worlds. In doing so, we develop a

t heoretical par adi gm o tthifdesige processthroudhetlei gn o an
development of the Sentient World Simulation. We then explore the validation of this
virtual world through a detailed case analysis. We conclude with a discussion of the
generalizability of our work to other contexts aridh@ contributions of this paper and
their implications for informing and guiding future research.

Keywords: Virtual Worlds, Emergent Design, Intelligent Agents, Agbased
Simulation, @&nerativeModels



CONVERGENCE BETWEEN REAL AND VIRTUAL WORLDS:

EXPLORING EMERGENT DESIGN IN THE SENTIENT WORLD SIMULATION

INTRODUCTION
A i Yftual Worldois a computebased simulatednvironmentwhich offersan
increasingly popular and powerful alternative reality for both management research and
practice(JarvenpaglLeidner, Teigland, and Wasko, 200%®jirtual world applications
come in manghapes and sizes (e.g., vidgomesSecond Lifeflight simulators
Internet social networks€omputer modelsetc.) Thesdilternate realitiegscarry the
potential to chang dramatically the wayis whichwe interact with each other in both the
real world as well as in these virtual environmeMtgact, ®me of the promise and
popularity of virtual worldgdiesin their ability tooffer an alternative means to
communicatecollaborate, and evdn organize economic activity (Jarvenpaaal.,
2007). One of the interesting phenomesfavirtual worldsis how the boundary, or
interplay, between theeal and virtuaknvironmentshanges depending upon the
application of the virtual worldFor example, gplicationsdesigned for entertainment
suchasecmputer games require internal consisten
not necessarily a strong correlation with thd vearld. Flight simulatorspn the other
hand are designed to promote learning which will hopefully carry over to a significant
degree to situations the training pitoyencounter in theealworld. Somewvhat
similarly, one can viewacial network site on the Internet as proxies for fetoeface

relationships in the real world.



Alternatively, our focus in this paper is on the use of virtual worlds to supgadrt
world decisioamaking, specifically through the design and implementation of
constructiveor generative modeldn this mode, there is a fairly crisp requirement for
not only delineating virtual and real worlds, but also for aligning them in a way that
allows for analogical reasoning to occdthis process, which in the case of conventional
analytical models, is akin to model validation and verification, is a mucle shygramic,
fluid, and usedirected process when dealing with emergent, computational mddefs.
premise is thativtual worlds ae becoming increasingiwtegral to scientifienquiry, and
by implication, to the science of desigim building a virtual world we arguethat the eal
world is networkcentric, emergent, nereductionist and inherently unpredictable
Thereforeto emulate such real phenometiee ®nvergence of réavith virtual worlds
requires that we captutkis netcentricity, emergence, and noeductionism in our
virtual artifacts Thustheprocess of design itself is significantly more emergent for
virtual worlds than for conventional information system aratlel development
Likewise, hese factorgalso render the processes for synchronizing real and virtual
worlds more complex.

In this section, w@resent an argumetitat thedesignof virtual worlds must be
an emergent procedsater, we illustrate this pcesghroughexploringa very large
scale, muitagent, humain-the-loop virtual environment we call the Sentient World
Simulation We designedhis persistent, dynamic, continuously updatgenerative
social scienceirtual worldto suppormilitary decisionrmakingandthe strategic

planning of military operationsThe major challenge idesignis in the realization that



the social, politicgland economic ramifications dfilitary actionare more far reaching
and long lasting than the immediate efeaf any particular battlefield operation.

A major contributionin this study ighe explication of théi-partite design
procesf generative virtual worlds, consisting of thtaticagentbased, developer
drivenplatformcoupled withthe dynamic usergenerate@xperimentation of emergent
systems. In thetatig softwaredrivendimension agent development is criticaegndthe
construction of agenis driven by and calibrated to align witimicro social science
theory The d/namig userdrivendimensionof emergenprocessesequires a much
morefluid concept of validation which is itself an emergent probasedipon macro
social science theory incorporating equifinality and multifinali®ur overallargument
is thatvirtual worlds are evohlionary, usedriven information eceystems whiclkextend
the boundaries of what we have previously called the science of ddsigrbasic
argument is thataditional system design and development (e.g. Hevner, March, Park, &
Ram, 2004)s required to stablish a platform for facilitating emergent processes, which,
in turn, then transforms design into an emergent process of its own.

This paper proceeds as follows. In the next section, we explore the applicability of
virtual worldsto the process dcientific inquiry and discuss the challenges such
application pose to thieaditionalscience of design. Next, we explore the design and
development of the Sentient World Simulation as a means of illustrating the science and
process of emergent design. Ther, examine the validation process in emergent design
through the application and testing of one of the models in the Sentient World
Simulation.We conclude with aummaryof the contributions of this papehe

generalizability of our work to other contexandtheimplications for informing and



guiding future research on virtual worlds as vehicles for rigorous scientific inquiry and

reaktime decision making support.

VIRTUAL WORLDS , SCIENTIFIC INQUIRY , AND THE SCIENCE OF DESIGN
We begin by exaining the role of modelingsimulation and virtual worldsn the
scientific method Hamming(1997) partitions the evolution of scientific inquiry into
threeeraswhich we depictin Figure 1.In Figure 1a weshow the traditional interplay
between thegrand experiment which earmarked science from the beginning of the

Enlightenment until the advent of digital computers.

The advent ofligital computers in the mid 2@enturyaltered the landscape
dramatically and led to the ascendance of modeling and simulation as an integral part of
scientific investigation ase show in Figure 1blIn this scenario, a Model is a formal
representationf reality which implements a Theory, and a Simulation elicits the
behavior of the Model, usually over time, thus corresponding to an Experiment. Models
in this context have largely been what we call analytical models in that they are primarily
mathematal and equationah nature(e.g.,systems of partial differential equations or
mathematical programmifly We use the term simulation in the larger sense of an
experimental design for solving and analyzing a model using various forms of sensitivity
analysis and/or goaeeking, as opposed to the more specific context of various

simulation technologies such discrete or continuous event simulatioi@nce their

! One may rightfully protest that mathematical models were prevalent in science well before 1950s,

Maxwel |l 6s equations of electromagnetism, Schro°odinger ¢
equations being just a few striking examples. We argue, lenwiaat simulation capabilities other than

direct experimentation were by and large not available.



introduction at Los Alamos over a half century ago for modeling turbulent flow in
hydrodynamicgPasta and Ulam 19h3imulation methoslhave become a pervasive
partof the scientific methadn fact many scholargiew simulation in scientific research
(e.g.,numerical experimentation, sensitivity and process studiesastbg first major
step forward in the basic method since the seventeenth century. (Robinson 1987).

Computers havalsobecomencreasingly indispensable in scientific endeavors,
and in some casesuch as the four color map theoréappel et al 197Y, they enable
proofs that may otherwig®thave been possible&Similarly, virtual worlds, including
those emerging from networks collaboration as we depict in Figure 1c, may very well
be the next transformative stage in the scientific metlfad.example, wjects such as
the LinkedEnvironments for Atmospheric Discovery (LEAD) effort use grid technology
t o execut e ltienodeldssienatedionslad weather foreca@tale et al2005.
Such applications indicate thaietincreasing availability of data and models can nurture
and accelerate the process of scientific collaboration and inquiry.

Computational Modeling and Computational Experimentation

The most widely used technology to date for building virtual worlds based upon
emergent phenomena has been agased modeling and simulation (ABMS). ABMS is
a constructive, or generative, modeling methodology as opposed to the more analytical
descriptive, predictive, or normative modeling paradigms. We assume the reader has
passing familiarity with the fundamentals of ABMS technology; please re{@iltmert
2006; Miller and Page 2007; North and Macal 2d0v any required introductory
material.Virtual worlds rely heavily upon computational modeling and computational

experimentation as shown in Figure MWe make a distinction between analytical and



computational modeling whereby the former we refer primarily to mathematical models
in the discipline®f the physical sciences, management scieamo# operations research.
These typically assume the form of systems of differential equations, multiple regressions
and optimization models, for example. Computational models on the other hand we view
as prmarily simulations whose objective is to capture emergent system properties.
Computational experimentation is a research methodology conducted essentially via
computer simulations to either generate hypotheses and/or, in concert with traditional
field andlaboratory experimentation, to confirm or refute hypoth¢sessen and
Buettner 2003 Virtual worlds and computational experimentation go hardoand and
one of the strengths of virtual world modeling and experimentation is that unforeseen,
counterintuitive emergent system properties and outcomes may arise.

Generative Social Science
Generative social science (GSS) is an exemplar of the use of virtual worlds, in the form

of agentbased simulations, in scientific inquifgpstein 200k GSS isthe attenpt to

Aexplain the emergence of macdeamdralipedi ¢ s ocCi

et

| ocal interactions of heterogeneous aut onomo

argument is congruent with the goals of Wirtual worldswith one notable excepn.

Much of the computational experimentation done in GSS isfdsgan that agents

require only attributes and rules of engagement for interacting with nearby agents and the
environment in order for a simulation to be run. However, many virtual svarlElmore
complex in that they are driven by dynamic data and models supplied in near real time
mode which cause simulations to change in ways even more unpredictable than the static

counterparts typically dealt with in GSS.



Emergence
Sinceemergence ia main theme dhis paper et us beprecise about what we mean and
d o n 0 t abouthgs woncept, particularly in light of the cavalier usage this tgtan
receives.We see emergence as a bottopnapproach consisting ifnctions and
computatios applied tolower level unitghat capture their interactionshe effect of
local interactionst the microscopitevel results in macroscopic patterns, wigenetic
algorithmterms, the resulting behavior is displayed atthenotype rathghanthe
gerotype level Let uselaborateon a few otthe propertie®f emergent systemg) Sel+
organizations acollective phenomena amdpresentsollective behaviofForrest1990);
2) Macro phenomenon may be greater than the sum of its micro comp(Berdsad
Schnier 1995)and 3)An external observer is required to interpret the emergent pattern,
and for whom the emergent pattern makes sense.
Science of Design
ThelnformationSystemg(IS) discipline views itself as positioned at the
aconfluence of peopl@rganizations, and technola@and characterized by the dual
research paradigms of behavioral science and design s¢iéevaer et al 2004 The
former is dedicated to development of theories concerning phenomena related to business
needs whereas thetr is concerned with the construction and evaluation of artifacts
which satisfy these needs. Behavioral science is empirical in nature with a goal of truth,
whereas design science is primarily a constructivist activity whose goal is ultility.
We examine the science of design in the context of constructing and maintaining
virtual worl ds. At first glance, fAdesign of

we ask Ahow can we design outcomes of proces



unpredicth | e f r om t hei r Haweverwhilavirtuacwordslaret i ons ? 0
undoubtedly artifacts in the Simon seiiSenon 1996)they are artifacts which require a
unique, bipartite process to desigie argudhatvirtual world artifacts are a hybrid of
conventional top down design of agents as a first phase amg@ntionary userdriven

bottom up procesduring the emergent second phase.

THE DESIGN ARTIFACT: THE SENTIENT WORLD SIMULATION
The Sentient World Simulation (SWS) isheavily datadrivenvirtual worldwhose
primary objective is to examine how the interrelated effects of nation dynamics, socio
economic geopolitical situations, leader predispositions, and citizen expectations, goals,
and desires for welbeing. The specific purpose for whiShVSwas developed is to aid
strategic decisiomaking inany countries in which the United States is involved
militarily, adopting a holistic, social science perspective of which military operations
constitutes only one dimensiontbke complex landscape.

Requirements of SWS

SWSis an ambitious experimem generative social science, which presents formidable
design challenges. Tinegh levelrequirements of iB complexsystem are:
1 Capture social, political, and economic dimensions of countries.

1 Support strategic military decisiemaking within theaters of operation
providing support for maintaining situational awarenasslgeneratingand
evaluating possible courses of action (COAS).

1 Maintain near realime fidelity. Acrucialgoal ofSWSi s t o exhi bi t HfAne
reattimed a c candtimaliness in its underlying knowledge bases so that
the state o06WSenvironment is not far removed from the gewitical
realities which it emulates. This tight coupling between the real and virtual
worlds kears a significant decisiemaking payoff byshoreningthe decision
loop between problem identification and the evaluation of alternative courses
of action.



T Support multiple levels of spatial and temporal granulantych can range
from regions encomsaing multiple countries to provinces and cities within
countries, and temporal levels of analysis from hours to months.

T Support humaiin-the-loop (HITL) participation.

Design Obijectives

The overalldesignobjectivefor SWSis to derelopa frameworlfor designinghigh-
performance controlled systertsemulatehighly uncertain environmenta which not
only maytherelative, Bayesiaprobabilities of possible outcomes tnknown, but even
the outcomes themselves may not be predictable a pfibis.framework has two
elementd astatic,deep structuréevel for building and testing agen@nda dynamic,
transient usergeneratedevel for generating and interpreting the emergent, mésrel
behavior manifested in the virtual world.

Deep Structure: Synthetic Environment for Analysis and SimulationPlatform

The modeling and simulation component of SWS is supported by the Synthetic
Environment for Analysis and Simulation (SEAS) platfd@aturvedi and Mehta 1999;
Chaturvedi et al. 2005The SEAS pldbrm has served as the support environment for a
number of innovative largscale agenbased simulation&eeChaturvedi et al. 2005;
Drnevich et al. 2006; Drnevich et 2009. For specific information regarding the
technical and architectural detadiESEAS sed€Chaturvedi and Mehta 199€haturvedi

et al. 200%. In Figure2 we depict conceptually the SEAS architecture.



Transient Structure: Sentient World Simulation

SWS is a largascale multi agent model implemented on the SEAS platform (FR)ure
SWS consists of over 12 millidmeterogeneoustelligent agents representing the virtual
populations, organizations, institutions, deaders of over 60 nations. These agents
represent an overall population of approximately a billion people, with an agent

compression ratio of 100:1.

A keyobjective ofSWSi s t o maintain a tightly coupl ed,

between the external geopolitical environment and its SWS virtual counterpart. We

maintain this critical role through the use of an external Net Assessnigh (X

knowledge base to create and sustain this coupling between thweorihind virtual

world environments in SWS. xNA is a very large, highly distributed data repository fed

from three primary sources: knowledge obtained from semantic data and texg min

from the Internet, subject matter expertise provided by analysts and domain experts via

the Analyst Workbench interface, and feedback from SWS simulation updates. Each

atom of data in xNA is tagged by three dimensions: Source, Point of View, and a

Time/Date interval.The society of simulations component comprises the virtual world

dimension of SWS wherein users employ computational experimentation to leverage the

XNA knowledge base by creating and executing either historical or futuristic simulations.
Convergence of SW&nd Second LifeVirtual World P aradigms

SWS and Second Life (SL) are both large scale virtual worlds thanhawe

complementaraspects. Asve show in Tablel, they approach the process of mimicking



the real world from differing pepectives. WhereasSWS focuses on detailed realism of
the world, SL approaches it froamembodiment and self expression perspective. SWS
implements micrdevel theories as a forward problevhere weobserve the emergence

of macro behaviors. It then usaescrelevel theories to calibrate and validate the
emergent phenomena. It is a dynamic dhtaen system that continuously ingests data
from thousands of sources, including real time sensor feeds, to parameterize entities
within SWS, de dactdrs anidl o lassesdtite @kconde ofcevents, actions,

and interactions.

Second Life, in its current form, is primarily an environmentfuared immersive
experience. Itis a social place where people meet other people through their respective
avatars in the virtual world. People indulge in self expression through the embodiment of
their avatars, their names, appearances, profiles, staptens (dancing, laughing, etc.),
presents an experimental setting to study a wide range of-tei@bbehaviors in the
areas of communication, psychology, social psychology, economics, etc.

Peering into the future, largeeale Dual Reality is not th&r away. In Dual
Reality an entity ceexists in the real world and the virtual world simultaneously and can
have tweway communicatiorbetweerboth the worlds. A convergence of SWS and SL
can lead to the development of such dual reality. For examglee context of a
homeland security scenario, an island could be built in SL based upon direct feeds from
SWS. Individuals, organizations, institutions, and infrastructure could be configured in

SL. First responders, wired with sensors and actuatmug] continuously feed their



location, movements, and actions to their corresponding avatars in SL. Avatars in SL
could then fly over a building, walk through fire and report 360 degree surveillance

information back to the responder in the real world.

AN APPLICATION OF THE SENTIENT WORLD SIMULATION
Because of limited space and the research nature of the paper, we provide only a
truncated, capsule version of SWSO6 overall
thumbnail use case.

Upon a request from ¢hcommander of International Security Assistance Force
(COMISAF), SWSAfghanistan was field tested in Afghanistan from March 1, 2007 until
March 31, 2008. The purpose of the field experiment was to assess the applicability of a
comprehensive modeling aniengilation system with a readiack capability and to
provide detailed analytical support for planning and decision making in execution of
Stability Operations in the theatre. SWS provided a planning and decision support
framewor kK appr opplex aperational@nvirohnemnt with éegard ¢oo
Diplomatic, Information, Military and Economic (DIME) actions on Political, Military,
Economic, Social, Informational, and Infrastructure (PMESII) dimensions of operations
using the comprehensive WhateGovernrment Approach (WGA). SWS incorporated
multi-scale, multisided perspectives of the combined operational environment to
highlight the economigolitical, and cultural factors that influence military and non
military outcomes at the district, provinegtional,and the regional levels. Over 6,000

events and 53,000 actions were executed on 398 Afghanistan districts with a total of



approximately 18,000 named entities and over 2.5 million agents representing citizens of
Afghanistan.

The remainder of this seon presents a case study of the efforts to rapidly deploy
SWS to support a mulhational stafthatrotated every & months in the operational
theatre. The discussion focuses on the challenges related to business process, project
management, technologlgployment, and operational support as well as on the solutions
to these challenges. COMISAF concluded from the field experiment that SWS is
sufficiently robust to support course of action (COA) development and analysis from
multiple, culturally relevantiewpoints SWSrovided institutional memory of plans as
well as the persistence of results to explore alternatives when assumptions or conditions
changed. The insights gained in this effort to prototype and field a dynamically updating,
web-based syntheatienvironment can serve to enhance support to operational
commanders as well as make contributions to the art and science cbageaht
modeling and computational social sciendéere are two general modes of usage in
SWS (1) assessing situatiorelvareness by searching for, and possibly updating,
knowledge from the xXNA knowledge base, and (2) gafaging decision scenarios in
the form of Excursions which allow decissoma k er s t o i nhabit SWSO vi
any combination of past, presentdduture timelines.

Assessing Situational Awareness iSWS

The use case described in the following tables and figures describes a subject
matter expert (SME) located in USCENTCOM who has been tasked by his commander
provide 1) a situational understandinggpr what 6 s happening in CENT

recommendations for what should be done n&xuational awareness is provided via a



number of visual displays available in SWS, coupled with the ability to search and
annotate relevant headlines gathered dyndiyifram the Web and stored in the xNA
knowledge baseln Tables2 and3 belowwe present a simplified use case for this mode
of operation.In Figure 4we show representative SWS user interfaces for assessing

situational awareness and understanding.

Excursions: Decision Scenarios irBWS-Afghanistan
The full virtual world aspect of SWS comes into play in the form of ExcursionsrsUs
can embark upon Excursions into any country supported by SWS and can designate
either an historical or a futwtgased timeline for the simulatioW/e describe aample
use case in Tabke In Figure5 wecapture the major user interfaces for this mofl

operation.

In this section & have provideglist a brief overview of ase case to help ground
the decisiommaking context for whiclsWSis used, and to show how this agbased

system is deployed to support the strategic component of efffesesl military decision



making. In thefollowing sections, we address the formidable challenge of the underlying

design of this dynamic, datiiven agenbased simulation.

MICROLEVEL DESIGN: THE SIMULATION OF AFGHANISTAN
Capturing the socipolitico-economic climates in nations has until recently been beyond

the capabilities of most simulation technologies. Although economies lend themselves
readily to mechanistic and quantitative representations, the social and political
dimensions of countries do not. The ability of ABMS to better capture the fuzzier, more
gualitative aspects of social relationships, i.e. to support generative social science, is
becoming recognized and embraced, and is amply demonstratedSW3nin order to
support the strong requirement of near real time verisimilitude between thebagedt

virtual world simulatiorof SWSand the real world, it is of critical importance to model
the agents accurately and raetlasimicoteveldsal | vy .
essential if we are to have any chance of meaningfully interpreting the macro level
behavior of the emergent simulations. Agent behaviors must be well grounded in theory,
while simultaneouslgatisfying the age old modeling requirent of representing

structure and behavior at the appropriate level of abstraction. For a simulation this large
with millions of agents, it would be disastrous from a performance standpoint, for
example, to adopt too fine a spatial or temporal granylagually critical in this phase

of the design ishe calibration of agents so that their behaviors align with how the theory
predicts. In this section & describ&SWSagents in terms of the underlying theory,
structural design, and subsequent calibratWe have designeitvo broad classes of

agents irSWS social agentdesigned t@apture the socipolitical dimensions of a

country, and economic agents to represent



Social Agents
There are three major classes (I0l) of synthstigal agents: Individual (Citizens and
Leaders), Organizations, and Institutionich are hierarchically arranged
Organizations and Institutions consist of Citizens and one or more Leaders, and may
themselvede comprised ofther Organizations. Eaduacial agent is a 4uple {G, T, S,
A(T)} where
G purpose in the form of one or more goals

T a set of traits or attributes, the values of which determine action(s)
the agentakes,

S one or more sensors through whahagenforms perceptions of
the external sociapolitical and economienvironment

A(T) actic_)ns, or rules of engagement, whichagentnay take within its

environment.

Thegeneralpverridinggoalfor all agents, regardless of their respective level of
aggregation, i$0 mantain and enhance theirell-being. Employing themodelof
subjective welbeing identified byKahnema 1999, we code an agentos
well-being based upaibs desire foninebasic needs, and the degree to wiiigierceives
these desires as being fulfille@ensors provide information from the sepialitico-
economic environment from which each agent assesses its perceivéeiwg)|
measures the degree to which its basic needsoalbeing met, and dependingarpthe
magnitude othis discrepancyin concert with the particular traits of the agent, may take
one or more actions in an attempt to reducedifisrence In Table5, we provide an

overview ofSWSsocial agent structures.

p |



Economic Agents

The other majoclass of agents issed to model the economy in each coutitag
populatesSWS A synthetic economy provides a model of a domestomomic system
and of an international economy within SW#Bidis represented by fifteen sector agents,
thirteen of which ar@roduction sectors. These include oil, power, natural gas, water,
telecommunications, transportation, manufacturing, agricyltun@nce, education,
military-industrial, labor and capital, and all but the last two are also modeled as
infrastructure. The final two sectors, consumers and government services, represent
consumptionsectors. A macreconomy emerges from the interaais of these fifteen
sectors. A synthetic economy can represent either a country or a province within a
country. In addition, synthetic economies can engage in bilateral trade with other
economies.Each sector is interdependent with the other sectarsexieral propagation
mechanisms through which effects percolate throughout the systemorBest
dependencies are present whenever one sector uses thedoetlytfrom another

sector as an input into its own production process. Seemlthirdorder effects as

well as indirect causeffect relationships emerge.

SWS presents a mechanism for exploring the rrficumdations of macktevel
economic phenomena (which themselves proceéskttback anthfluence
microeconomic behavior). Once consumer, government and business infrastructure
agents begin to stimulate demand within an economy, the production sectors begin to
produce output according to their production functions. Economic agents within an

economy engage in international trade if they cannot satisfy their demand and/or sell all



of their supply domestically. International trade patterns change as domestic and
international conditions fluctuate, and matzwel variables (such as GDP) emefgen
micro-behavior while also influencing the latter in an iterative procbs3.able6, we

provide an overview ddWSeconomic agent structures.

Media Agentsas Sensaos
Media organizations consist of television and radio stations, newspapers, and magazines.
They make choices about what information to cover, who to cover, what statements to
report, what story elements to emphasize awd toareport it. Media organizations are
able to set the agenda for domestic and foreign politiesdents are framed on well
being components, and formalized in a media
is to arouse the public against the gowveent and if basic needs are below a certain
threshold level, then the media may frame relevant stories in a manner that blames the
government for the dire conditions of the peoplitizens subscribe to a media
organization based on their ideological beBubscription to a particular media is
dependent upon the congruence of the ideology of the matlizhe ideology of the
citizens subscribing to itMedia organizations are primarily focused towards framing the
issues for their audiences in such awheat they increase their viewership as well as their
influence. When the media infrastructure agents are reduced in their capacity to report,
then the media conglomerates have a reduced capacity to spin reports.

Summary

Webve descr i b etdicturelurderlpirsdgdMS cThisigtieermbre s



traditional part of the virtual world design process, but one that is critical to the eventual
verisimilitude of the simulation, and central to verification and validation. In the next
section, we discuss the tahtion of these agents as well as the dynamic validation
processes necessary to maintain the evolving knowledge base and support meaningful

excursions in to SWSO virtual countries.

MACRO -LEVEL DESIGN: EMERGENT PROPERTIES AND VALIDATION
We have argueso far for the value of virtual worlds in the process of scientific inquiry,
and the use of emergent design as necessary instrument in the modeling of-network
centric living systems. We have shown how the development of agent structure and
behavior is ctical to this modeling process, but this aspect is not sufficient unto itself.
Although it will help us build a system with emergent properties, it does not in and of
itself ensure that these emergent properties are relevant to our application. Iodeed, h
do we know that our emergent system is any gpadicularly with respect to capturing
such a complex, interdependent environment as a country and a population

There are two key differentiatobgtween the validation of agents and the

validation of the overall system behavior to which they give regmtinuous dynamic
data and model updating, and the iterative participation of a large community of interest
in performing these dynamic activisieThe datadriven nature oSWSdistinguishes it
from the more localized agebaised simulations such ag typically find in generative
social science researcRontinuous validation, as we refer to it, is tightly coupled with

the concepts of multifiddy and equifinality described below.



Multifinality and Equifinality

In order to grasp the complexities associated with maalidation it is necessary to
grapple with the conditions of equifinality and multifinalitiquifinality is the
phenomenon fen a specific emergent end state of an open system can result from
multiple, different sets of initial conditions. For example, the Linux operating system is a
single emergent operating system which has converged from the inputs of hundreds, even
thousand, of open source contributorstultifinality is the converse situation wherein
differentopen system end states may afisen identical initial conditionsFor example,
thedissemination of a single version of Unix source codg result in thgenerain of
multiple versions of the operating system as users adapt it to their specific requirements.

One of the greatest challenges of validating emergent systems is that cause and
effect chains between open system initial conditions and end states iatgt difinot
impossible, to traceThis forces us to rely upon interpretative rather than positivist
analysis. Inthe SWS environment, oesdleratumsfic onstr ai ned emer gence
facilitated by continuous validatiomheren users leverage a deep struetptatform
(SEAS inthis case) to generate dynamic alternate realities, but within a finite bandwidth
of possibilities arbitrated by a community of subject matter experts.

Continuous Validation for SWS - Afghanistan
Theemergenvalidationprocessas appkd to SWS Afghanistanconsisted of a two tier
process: a) validation of the initial configuration of Afghanistan,@ntbntinuous
validation of SWS&Afghanistan, with data updated, refresheslibrated and validated

within one month of the current dat®nce thessteps were completed (with step b



occurring iteratively), various courses of action were submitted, evaluated and refined as

necessary (sdeigure6 below).

The first stage consisted of the configuration and validation of provilesiel
data, which included demographic data (traits such as ethnicity, religion, sect, tribe and
subtribe, wellbeing and attitude), data on key leaders and organizations (types and
attitudes), and data on information and infrastructure nodes (capacity). An important
aspect of the configured data set was the attitudes of leaders and organiaaiods t
key chosen entities. Fi ve s-intheli of o pcoa nptl asyi edress:
Government of USAGovernment of AfghanistatSAF, Taliban(Afghanistan) andAl
Qaeda (Afghanistan)This stage also consisted of validating aggregate entergen
statistics at the provincial level.

The second stage focused on continuous validation, specifically tracking changes in
Afghanistan inSWSfrom its initial configuration in March 2007 and comparing it with
actual data, while attempting to ensure ti@more than 30 days separatie
simulation output antherealworld data. SignificanDiplomacy Information, Military,
EconomicgDIME) events were injected weekly along the simulation timeline, and the
resulting simulation outputs were evaluatediagt reported field/third party data.

Validating system outputs also required that we validate system inputs. While
inconsistencies between synthetic and-veald data may be due to the calibration of
variousmodels it may also be due to a reliance @ nonrepresentative set of DIME

inputs across all HITL players used to run the system forward. Thus, validating the set of



DIME actions injected into the system was also a critical aspect of the continuous
validation processTracking Afghanistan hasome inherent challenges, such as the
paucity of data on Afghanistan as well as inconsistencies in the formatadfatifele
data. Nonetheless, available field data was used to configure and validate data in both
stages of the continuous validation pes. We begin with a description of the first stage
of this process: the initial configuration of the reference world.
Creatingthei Ref er ence Worl do Starting Point
Creating fAvi rétsudlnd tAfad h amindtian ons required |
economic, political, and demographic data for Afghanistan as well as the initial emergent
statistics. The goal was to provide a valid explanation for SEAS parameters and outputs
based on the beknhown field/third party data and subject matter expert (SME)
conclusions.We collected data at the national, provincial (34) and district (398) levels
for all PMESII categories that were then mapped to SEAS IOIIG (Individual,
Organization, Information, Imdstructure and Geography) categories. The type of data
that was collected and verified consisted of economic data (GDP, production, sector
output, etc.), demographic data (population, ethnicity, religion, triberfgady income
class, etc.), politicalata (national and provincial government ministers and officials,
insurgent groups and leaders, strength of government institutions, etc.), public opinion
data (public attitudes towards central and provincial government, Taliban, USA, etc.),
and informatioron key organizations and infrastructure nodes (public and private
organizations, Kajaki dam in Helmand province, etc.).

Gathering and verifying all of this data to initially configure the reference world

at different granularities was the critical fistep, which essentially required the



successful completion of three main tasks: (1) identifying and documenting relevant
sources of data and information; (2) developing a parameterization methodology to
configure the traits and parameters of SEAS ageBitsind the validation of the initial
emergent data. It should be noted that the amount of data that was initially collected and
configured numbered in the thousawdslata pointsand therefore we were not able to
validateeachdata point produced by SESAto initially configure the reference world.

Thus, our validation efforts in this stage were focused on validating profiles for each of
Afghanistand6s 34 provinces.

The first step in creating the initial configuration of the reference world was
identifying and qualifying useful sources of data and information. Given its status as a
very poor country, Afghanistan has limited capacity and resources to gather, synthesize
and disseminate data. As a result, we relied upon a number of sources to populate the
initial configuration of the reference world. Key sources included the World Bank, the
International Monetary Fund, the CIA World Factbook, Afghan government agencies
such as the Central Statistics Office, academic studies, as well as reports and data
produced by think tanks and research units, such as the International Crisis Group, the
Center for Strategic and International Studies (CSIS), and the Afghanistan Information
Management Service. We also religabn public opinion surveys sponsored by
organkations such as the Asia Foundation, Charney Research, the Environics Research
Group and the Senlis Council. These surveys provided data on Afghan attitudes
regarding the central and provincial governments, the U.S., NATO, the Taliban-and Al

Qaeda at a geific point in time, and they proved to be immensely valuable.



Unfortunately, surveys of Afghan attitudes occur relatively infrequently, and we usually
had to work with only one or two data points per year.

The next step in creating the reference danlolved the development of a
parameterization methodology to populate the traits and parameters of the various agents
within SEAS. There were two key aspects in regards to this step. First, we had to
translate existing field data into SEAS formatsykarameters such as public opinion
towards various entities, and citizen wiedling, are populated on d @ scale in SEAS,
with higher numbers representing greater satisfaction or approval. Most field data,
however, exists in a different format. Fostance, public opinion surveys measuring
public attitudes towards the national government typically report the percentage of those
surveyed that either support or disapprove of the way the government is governing.
These percentages had to be convedeGi 7 scale.

Other examples of mapping survey results into SEAS were less straightforward,
making it necessary to develop explicit ranking methodologies that mapped survey data
to a Oi 7 scale. For instance, the National Risk and Vulnerability Asssass(NRVA)
is a report published by the Afghan Ministry of Rural Rehabilitation and Development (in
conjunction with various international agencies) that contains a plethora of demographic
and socioeconomic data on Afghanistan at the provincial |&asters questioned
Afghans regarding the amount of travel time required to reach public transportation, with
responses ranging from Aln the communityo an
AMor e t h dameddm oflMoyement needs in SEAS wasytaied based upon the
reported distribution of a provinceods popul a

hi gher the percentage of a provincedbds popul a



access public transportation, the lower the paramaten for the Freedom of
Movement needs fulfilled for the agents representing citizens in that province. Thus, one
of the challenges that had to be overcome in configuring the initial instance of the
reference world was the development of an apprapnegthodology that mapped
reported field data into a format usable by SEAS.

AData triangul ationod was another i mportarl
process. We compared data from a variety of sources with multiple perspectives to
overcome the weaksses and/or intrinsic biases that may exist in singdéhod, single
observer, and singiheory studies. Parameterization of traits, attitudes, and other
parameters proceeded after multiple sources of information and data were compared,
qualified,and sythesized.For example, we reliedpon a number of public opinion polls
to parameterize attitudes towards the Taliban. For instance, a December 2006 poll
published by World Public Opinion.org noted that 90% of Afghans have a negative
attitude towards th&aliban, while 94% have a negative attitude towardQaéda and
its | eader Osama Bi n [INaaybdmo percenfofithesAfghae por t not
people saidheir opinion of the Taliban was unfavorable, up four points from 88 percent
in 2005.Thenmb er s expressing a 6very unfavorabl eb
pointsfrom 62 percent to 71 percent. Only 7 percent expressed somewhat (5%) or very
favorable (2%) views of the Talibban. Ot her surveys conducted by
and the Unitecdbtates Institute of Peace showed disapproval by approximately 72% of the
population. From these three sources, data triangulation was used to deduce that between

72 - 92% percent of the population opposed the Taliban.



We also consulted other surveys tiotfier parameterize attitudes across
ethnicities, sects, and tribes/suibbes. For instance, a February 2007 CSIS report noted
t h anbstofithe (Taliban) leadership is from the Ghilzai Pashtuns, including the
charismatic leader MullaiMohammed Omar, ants principle areas of operation
coinci des wilargest gopulatiorCcentrés maiuzgan, Zabul, Ghazni, Dai
Kundi, and Paktikah This information was wused to
Taliban for norPashtun ethnicities, such as KajiHazaras and Uzbeks, rGiilzai
Pashtuns (i.e. Durrani), and Pashtuns located in the northern parts of the cobuogy.
the consultation of numerous sources of information facilitated data triangulation as well
as parameterization at a fine leveldetail.

Validation of generated data was the final step in the creation of the reference
world starting point. This step was critical, because much of the detailed data produced
by SEAS to populate the reference world does not havevadd counterpés for
Afghanistan.We focused or validation efforts at this stage tre macrclevel outputs
for each of Af gh d&ariexampehigure? bdléwshows the SEAS e s .

provincial profile for Helmand province.

We validated macrtevel synthetic data usirgeparatesources that wdid not

rely oninitially to create the generated data. For instamve initially utilized data from

par a

the CIA World Factbook, Afghanistands Centr a

Geographic maps to determine provindeitel population as well as the religious and

ethnic distribution within each province. Wessreferenced our initial calculations



with the districtlevel profiles produced by the Office of the United Nations High
Commissioner for Human Rights (UNHCR) as well as reports put out by think tanks such
as CSIS. Any notable discrepancies were sdedsr further review and evaluation.
Thus, the creation of the starting point for the reference world required the successful
completion of three main tasks: (1) identifying, qualifying and synthesizing relevant
sources of data and information; (2) deypeng a parameterization methodology to
configure the traits and parameters of SEAS agents; (3) and validating the initial
emergent data. We now turn to a description of our continuous validation effort.
Continuous Validation

Once the initial state dhe reference world was populated, parameterized and
validated, the next step was to run the synthetic world forward in time with the injection
of reatworld events from March 2007 on, followed by an analysis of output data to
determine the consistencytixeen synthetic data drihe actual state of the worldAt
this point the validation phase was continuous, sinceuseds required that the synthetic
environment accurately reflect reabrld conditions within a 3@ay period.The
continuous validatioeffort, as indicated ifrigure8abelow, consisted of two main tasks
Asignificant event o v aMei detfiioredarad Acutgmutf i\va
a diplomatic, informationahilitary, or economidDIME) action taken by one of the five

Humarin-the-Loop actors configured for the SEAS virtual Afghanistaigre8b).

The first step, therefore, was identify and gather as much information as

possible on the variety of DIME actions across all five HITL players. We consulted a



number of sources to obtain data on significant events, such as the ISAF Press Office, the

websites of the U.S. Embassy ialul and the Afghan Embassy in Washington, DC.,
Afghan government websites (Ministry of Foreign Affairs, Office of the President, etc.),
Afghan news services (Pajhwok, Bakhtar News Agency), and Afgpeaific websites

(Afghanistan page of IRIN-Ariana,Agha.com, etcf. In addition, we utilized daily

situational reports from consultants based

~

Al o (informational) actions for each of
It quickly became apparent, though, that even withbast research efforts, we

would not be able to capture every single significant event across all DIME actions and

HITL players. The main problem was that many events, particularly those related to

Taliban and Al Qaeda actions, are simply not reporteld avgufficient degree of

specificity by news servicegjebsitesand other sources of information. For instance,

the following excerpt from a May 2007 article in tdew York Timeroted how the

Taliban were able to siphon off profits from the opium triad&fghanistan to fund their

act i viatmers groawing poppies in Talibarontrolled areas pay a tax to the

insurgents, who then hire Aday fighters.

t

0

F

for securityééln Ni mr uanistpnrtioevialiban demanded s out hwe

that traffickers provide $4,000 a month and a Toyota Land Cruiser to supparath0
fighting units, according to United Nations officials. An Afghan official said Taliban
forces were given five Land Cruisers for attackingAfighan border police so traffickers
could move drugs more easilyo.This excerpt does provide some detail as to the location

of these extortionist actions by the Taliban (Nimruz province)pbuanalysts deduced

2 The Integrated Regional Information Network (IRIN) is the humanitarian news and analysis service of the

U.N. Office for the Coordination of Humanitaridtffairs.



that these actions were likely to bedespread in opium growing areas controlled by the
Taliban. Based on an extensive review of available research and news reports, we also
determined that other actions, such as Al Qaeda technical/media support to the Taliban,
as well as the Taliban engagiagd receiving support from friendly stifibes, were also
likely occurring with a high degree of frequency despite the lack of media coverage or
specific information in the media reports that did address these topics. Thus, the set of
DIME actions usedatrun the referent world forward in time was adjusted to take account
of events deemed kyur analysts to occur with a high level of frequency, despite the fact
that such actions, due to their secretive nature, did not receive extensive media coverage.
Thenext step in the continuous validation process was to upload and translate
these events into a formadmpatible withSEAS. Formal procedures were established to
handle both of these tasks. We uploaded events into SEAS using the SEAS Significant
Event hject tool and the SEAS Action Planner. Both were used to create a number of
discrete and continuous events in SEAS for which information was collected. For
instance, the website of the Office of the President of Afghanistan disseminates news
releases deribing meetings between President Hamid Karzai with a variety of foreign
dignitaries and officials. These types of events were entered into the SEAS Action
Plannedescri bed in the Use case as an fAEngagebo
The insertion of a significant quantity events was handled by the SEAS
Significant Event Inject tool, a spreadshbased database of specific classes of events
and their associated metadata. This tool was designed to work with databases providing
information on thousands of significant et® For example, on the website of the

Afghan Ministry of Rural Rehabilitation and Development, one can access files showing



the status of thousands of development projects carried out fror2P082 The SEAS
Significant Event Inject Tool was designedhandle files such as these as well as similar
files and databases from other sources.
We also needed to develop procedures for translatingvadéd events into
comparable SEAS actions. As previously noted, the website of the Office of the President
of Afghanistan provides information regarding meetings between President Karzai and
foreign | eaders. These events were transl ate
actions are also characterized by thhe numer.|
the case of the AEngageod action, the resourc
tries to sway another actor to adopt attitudes favorable to the former). Each action
resource level has been calibrated for a specifiewedd semantic, so eadvent was
mapped to a resource level in SEAS accordingly. For example, if three or more
di pl omatic engagements occurred within a wee
action for that week represents a 2; otherwise it represents 1. Similarly, we also
developed procedures to overcome other types of translation issues as well, such as
all ocating responsibility for military actio
U.S., ISAF, or the Afghan government.
The final, iterated stage of the continuousdaiiion process was the evaluation of
the goodness of fit between synthetic data and actual data and, if necessary, the
recalibration of models and the resubmission of SEAS Action Planners for subsequent
simulations over the desired timeframe. The key@sgiehis step was the comparison
of synthetic data from March 2003@ the presenwith actual data, and as a result the

major challenge presented during this phase was the paucity of detailed, current data



describing the economipplitical, and social conditions in Afghanistan, both nationally

and at the provincial levelSome of the critical values that we reserved for closer

scrutiny included GDP growth and public opinion. We were not able to find GDP growth
data for individual provinceso we were left with validating GDP growth at the national
level. We used real GDP growth rates from IMF country reports as our benchmarks, and
calibrated the synthetic Afghan economy so that synthetic growth rates matched the
growth rates reported bize¢ IMF. There was also a paucity of public opinion data. As
previously noted, we relied upon surveys sponsored by several organizations, but these
surveys occurred relatively infrequently (about evefy28nonths). Therefore, we had to
rely on only oneor two data points per year, and as a result our strategy of validating
public opinion data essentially consisted of comparing trends in synthetic data with those
seen in what actual data was availabteFigure9 belowwe show a comparison of
syntheticpublic opinion data with actual public opinion nationwide in Afghanistan as

well as in Kabul, Kandahar and Helmand provinces

Inconsistentrends between synthetic and actual data were set aside for further
review. If the synthetic data could not be validated, subsequent iterations of model
recalibration and the resubmission of courses of action ensued, with the current iteration
of the coninuous validation process ultimately ending only upon the validation of the

generated data.



CONCLUSIONS

This paper describes home used VirtualWorld as an instrumerdf scientific inquiry
for near reatime decision making in a theater of conflithe tirteen month of field
experiment in Afghanistan marked the first ever application of a Virtual World in a
theater of military operatioand effectively demonstrateldet value of SWS as a decision
support virtual world fothe U.S. military The teamthe tool, and the underlying
database developed during the project reached the level of sophistication needed to
support military and nemilitary operational planning. Planninglaternational
Security Assistance ForcedSAF), where SWS was used, lagce a scientific endeavor
a computational experimentatisrherenumeroudessons learned developed
demonstrating an effective convergence between real and virtual worlds

Planning as scientific investigationSWS is a high fidelity synthetic
environment that enabled military and amilitary planners to rapidly acquire a
significant domain knowledge related to social behavior, military operations, and the
model process and procedures to generate meaninghgl fotan different perspectives
(US, Taliban, Afghan Government, etc.). The planning process involved users to
translate operational plan (OPLAN) planning guidance, course of action design, or
requests for information from graphics and written word to SYg6rse of Action
(COA) plans. These plans were then executed in SWS. Different branches were created
in order to refine the COAs and alternative options were presented to the commander.
Based on commander ds orders, olphesecaders on or der
were executed in the field as well as in SWS. The desired and actual outcomes were

monitored and data were collected. Actual and SWS outcomes were compared. More



than 50% of the variables tracked showed significant convergence betweeal therld
and the virtual world. Much of the divergencasea s soci ated to the plann
anticipate the other sidesd6 (Taliban, Al Qace
Virtual World sas a vehicle for organizational learning and memoryVirtual
worlds play a significant role in organizational learning and provide organizational
memory in a situation where teams rotated in and out of Afghanistan egamoaths.
SWS provided rapid, edemand projections to enable planners to confidentigider
impacts outside their areas of expertise (for military officesscial and economic
impacts) and, for all planners to discover and anticipate potential unforeseen
consequences of planned actions.
Emergent Design:Virtual worlds require capturing nonlinear, n@aductionist,
networkcentricbehavioroo f  fi r e ahtitiesyand thed idterrelationships. Virtual
worlds by definition address the needs of a diverse group of users. Individual users are
both consumers and producefsontent. Requirements are not known a priori assuser
dynamically reveal current requirementghichalso evolve over time. Building a virtual
world requires ficitizen pdata,gnodelsmyetenards) t o cont
courses of actions, amatervention plans. While traditional IS is developed by a few
expert programmerghe bulk of the content of virtual worlds come from the end users.
As such the discipline dhestructured methodology must come from the platform itself.
Emergent degn extends the science of design to enable the development of interacting
components by fAcitizen programmers. o0 Using a
down and bottom up views, SWS provides a platform on which large numbers of users

can build and sha their own custom content.



Stability : Despite its size, (over 12 million interacting agents), SWS is
remarkably stablé/Ve can explainhis behaviothroughthe principle of complexity
theory that postulates that systems are ordered, and exhibitritsggiia structure.
Considered over time, SWS entities/agents do not proceed from one random state to
another, but move from one relatively stable pattern of interrelationships among their
components to another. Over time, SWS exbdbsubset of poterati patterns of its
subcomponents such as economy, social networks, and organizational membership.
These particular patterns are reference states. Probabilities of changes of system
components toward those present in reference states are greater thaihtpslodb
changes away from them. A given system may oscillate between two or more reference
states; the intervening patterns that are less likely are "boundary" areas. This principle has
also been observed in social and psychology.

Multifinality and Eq uifinality: Open systems exhibit characteristics of
multifinality and equifinality. That is, a given set of system conditions can lead, over
time, to a multitude of end states (multifinality), and many different system conditions
may lead to the same enal&t (equifinality). These principles are applied to virtual world
design, as one way to integrate data on different trends and individual differences.
Intervention pathways, in this view, show characteristics of multifinality and equifinality,
whether thé'start" states consist of a set of environmental and / or-gsgichological
conditions, and whether the "end" states consist of normative and/or individual or group
well-being desires. The influences of internal and external interventions on users may

also occur through multifinal or equifinal pathways.



Continuous Validation: Deployed ora NATO Secret Wide Area Network
(NSWAN) SWS supported NAT®ed ISAF from March 2007 until March 2008 for
operational planning. One of the goals in support to the thwateto continuously track
the current political, economic, and cultural climate of the observed world by keeping
SWS data current. In order to accomplish this, a process of continuous validation was
devel oped and i mplemented tnawhedhthbher BRETf @
extracting data from multiple heterogeneous sources on a daily basis, injectwgndal
events into SWS over the recent timeline, and using referent data sources to provide
assessments of SWS outputs.

Virtual worlds and the wmiti agentbased simulation platforms on which they exist
are becoming integrab the process of scientific inquirfWe hope this paper may

encourage and motivate other scholars to join us in this pursuit.
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Table 1. Comparison of SWS and Second Life Virtual Worlds

Property

Second Life

Sentient World Simulation

Focus

Embodiment

Detailed realism

Construction

User created

Automated, semi-automated foraging of textual content

Primary Use

Self expression, social place,
entertainment, fantasy

Decision making, Situation understanding, information

Convergence Behavior, social interaction High fidelity reconstruction of the real world

Primitives Land, Avatars, Objects, and Scripts Individuals, Organizations, Institutions, Infrastructure,
Geography

Social Emergent, real-time, initiated by Hybrid i may be mapped from real world data mining;

interaction people generative at the run time, multi-scale

Avatar/Agents User created Named agents | represent their real world counterparts;
large number of profile based agents

Execution Primarily human in the loop Primarily self executing, with human in the loop

Size 9 million registered, 50K online Over 12 million artificial agents

anytime




Table 2. Use Case for Situational Awareness via Map Visualization

User Intent

SWS Action(s)

Develop situational understanding: Option 1

At the beginning of my (work) day | look at the reference world interface and see what is

happening in my theater

- I want to |l ook at the fAhoto areas in CEN

- | start with the map visualization.

- | want to get the most recent situational awareness, so | click on the timeline to the most
recent time.

- The map visualization allows me to overlay statistics from the world on this map over
time.

- Here we see the popul at i-beingbokthe®5ceuntdeg ia thip e r
configuration from the reference world database.

- Selecting Attitude towards National Govt shows the average public opinion of the
population towards their national government.

>fAiMapo & fASt
panes;
> fiFeb 1,200
timeline;

> fVBeelilngo;

> fANational
titudeo

Now, to providemyc o mmander a r e rt on whatds happ

what és happening of sig ficance in USCENT

- One Answer: I can |l ook at whatodés happeni
Headlines statistic to see relatively where the news sources are reporting

- | note that in USCENTCOM that Irag, Afghanistan, and Pakistan are being reported on
more than other countries in my area, since they are a lighter shade of orange

- I look at Afghanistan in order to gain a little better situational awareness. Here, a
dashboard, or GeolnformationPanel pops up (Figure 4A) which shows more specific
information on a geographical region

- I see the distri but i-beingfroniextternely umhappyudvery i o n
happy.

- | see some trend statistics over time, such as well-being

- | also see trend statistics and the latest data on the average perceived well-being needs
values. For example, the populationédés av
now is a 1.93.

| also note that each population agent evaluates his/her own well-being across nine well-

po
ni

being components.

> fAHeadlines

>0Af ghani st a

>0Geol nfor ma




Table 3. Situational Awareness Via Headline Tag Search

User Intent SWS Action(s)
Develop situational understanding: Option 2
Anot her Answer for how | can asses

to look at the Events pane

The Events pane lets us look at storylines that have been automatically
mined from the web over time. Here we see real headlines that have been
mined from sources such as AP, Reuters, and CNN.

Each headline is |listed in the fAHE€¢
headlines through the search menu
For example, if | ensemnridAf gbanbsat

tab, | see many results that match either in the plain text or the machine
and human-tagged information.

Now, | etds consider the other tabs
filter headlines based on the selected tags

The ACountryo and ACityo are tabs
allow us to see headlines with just the selected country or city.

The APersond tab has to do with =g
tagged in news reports.

The fASubj exnd ,i Gib/jeerchtodo t ags are al
us to filter the headlines.

Now, the fATago tab is reserved for
shows me the human-generated tags.

| also see that one of my SME co-analysts, Tom, in USCENTCOM has
tagged another article as important. | want to see what he has tagged that
is important to him.

Now | go to the fiHeadlineso tab an
31 percent, an important headline indeed.
- So now | have been able to get

happening recently in the headlines. | can provide my commander a
good situational understanding of Afghanistan in CENTCOM as well
as report on several of the headlines.

>0Events pahieoneoft

> type AAfghanista

>fiCountryo tab
>0Cityo tab
>0Persono tab
>0Subjecto
>00bjecto
>0Verbo

> ATagod tab.

>USCENTCOM_SME_Tom_important
tag

>0Headl inebo
>provide a cursory narration on it




Table 4. Use Case for Excursion into Afghanistan 6 Months into the Future

User Intent

SWS Action(s)

Develop situational understanding: Option 2

| would like to create an Excursion from the Reference World database in SWS from the perspective
of the Afghanistan National Government from the current date out six months into the future. | would
like also to play from the perspective of my greatest adversary in country, the Taliban

| create an Excursion by selecting the geographies, player perspective, and time. From this, | get a
generated Excursion Portal pane. This pane shows us how historical and current news stories have
been parsed into events that can be injected into a SWS excursion. It reports that Afghanistan has
taken 40 actions internally within their country as well as many other actions elsewhere in the world.

| use these events if | were to take a historical simulation, or if | want to continue and inject actions
from players into the future using the status quo from historical activity. Since | am projecting into the
future and | would like to develop my own intervention strategy, | choose not to use these events.

| select Afghanistan in the Activity Summary, and it shows up Afghan Government events that have
been automatically parsed and are available for SWS excursions.

| use the Excursion Portal to access SWS visual tools. In February 2009, overall well-being in
Afghanistan is very low. The southern and eastern provinces are slightly lower in well-being
compared to the northern provinces. The Afghan state has little presence in the south and east, and
attitudes towards the national government in those areas are low.

Acting from perspective of the GoA, | see that my adversary, the Taliban, are deeply unpopular in
most of the country. The main exception is Helmand province (and, to a lesser extent, Kandahar),
where frustration with civilian casualties and kinship/tribal loyalties generate more positive attitudes
towards the Taliban.

In February 2009, Poor Sunni Pashtuns constitute the largest population subgroup in Paktika
province. Overall attitudes of Poor Sunni Pashtuns in Paktika towards GoA and the Taliban are
slightly negative.

The media nodes that Poor Sunni Pashtuns in Paktika heavily subscribe to include Pajhwok Afghan
News, Radio Afghanistan, Radio Liberty, and BBC.

As GoA player, | want to develop an overall intervention strategy of Armed Nation-Building by building
the capacity and legitimacy of the Afghan state, while defeating a revolutionary insurgency. Goals:
Enhance well-being, Build popular support; Deter, dissuade and/or Engage Taliban (especially fence
sitters), Extend presence of government beyond provincial and district capitals, Rebuild, reconstruct
infrastructure.

As Taliban player, | anticipate my adversary has the following overall objectives: Overthrow the
Karzai government, dismantle its political and social institutions, Disrupt Afghan nation-building
efforts, Delegitimize Afghan government, and Build popular support, especially among friendly sub-
tribes.

Run simulation 6 months into the future. GoA public opinion sees a marked improvement in northern
and eastern provinces but mixed results in southern provinces. Targeted media campaign (Pajhwok
Afghan News, Radio Afghanistan, Radio Free Europe, etc.) and economic reconstruction lead to
improvement in well-being and attitudes to GoA in Paktika.

Refine Course of Action:

Observe relatively little combat in Paktika province; more intense kinetic activity in Oruzgan and
surrounding provinces; economic reconstruction and relief aid in Oruzgan and nearby provinces not
sufficient to compensate for higher level of military activity. Conclude that ore aggressive media
campaign required: some, but not all, of the main media nodes in Afghanistan targeted. Candidates
include BBC, Afghanistan National Radio, and Radio Arman. More extensive use of information
operations and shuras should be attempted to counter Taliban night letters and other propaganda.

Refine Action Plan and rerun simulation.
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TABLE 5. Traits, Goals, Sensors, and Actions for Social Agent Entity Types

Agent Entity Type Traits Goals Sensors Actions
1 Citizens 1 Age 1 Maintain | § Leaders 1 Demonstrate
1 Income and 1 Organizations/| 1 Riot
1 Education enhance media 1 Join
1 Ethnicity personal | § Institutions organizations
1 Religion well being 1 Leave
1 Ideology organizations
1 Leaders 1 Type f Maintain | Fol | owe|Y External
(Power oriente( and being Consensus
Affiliation enhance | 1 Organizational Collaborate
oriented, personal power base 1 Internal
Responsive, influence| §  Control over Set agenda
Individual Ideologye f  Maintain resources Unify
9 Ethnicity and Coerce
1 Race enhance
1 Income the
f  Education influence
1 Attitude of their
towards organizati
group, on
state 1 Maintain
and
enhance
well being
of their
members
1 Informal 1 Type 1 Survive |1 Memberwell | Demonstratior
groups (political, 1 Maintain being 1 Riots
1 Formal religious, socia  Increase | 1 Other 1 Attacks
organizatiol economic, members organizations | § Set agenda
T Networks | media hip {1 Collaborate
1 Size 1 Seek 1 Unify
Organization 1 Control influence 1 Seek
over consensus
resources q Coerce
1 Ideology
1 Ethnicity
1 Nationalisn
1 Religion
1 Governmern 1 Type 1 Policy T Popul at|f Collaborate
1 Political implemen welbeing 1 Unify
1 Military tation component 1 Coerce
1 Economic | T Policy T Publ i c0|q Enforce
{ Spatial adjudicati Confidence/leg| § Respond
Institutions 1 Central on- macy 1 Prepare
T Provincial | T Policy | Publ i cd|q Recover
1 Local enforcem| §  Resource 1 Reconstruct
1 Power ent availability 1 Attack
Resource | 1 Policy 1  Other 1 Ally
Competen formulatia i qst i tu q Defend
n actions
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TABLE 6. Traits, Goals, Sensors, and Actions for Economic Agent Entity Types

Agent Entity Type Traits Goals Sensors Actions
1 Oil 1 Maximum 1 Maintain Current 1 Produce goods
1  Power production inventory at availability and services
1 Natural gas 1 Maximum target Global 1 Trade
9 Water exports levels imports and
1 Telecoms 1 Maximum exports
f  Transportation ; tnpolfts -tl)-lradlf §
. i ocal ockade
Production 3 X;?g:ﬁﬁtrgmg inventory Capital flight
q  Finance target Trade
q Education T Unit _ embargo
1 Military- production Boycott
industrial Freeze
] Labor assets
1 Capital
1  Consumer 1 Initial 1  Satisfy all Consumer 1 Rebuild
1  Govt services demand demand spending infrastructure
 Unmet 1 Improve
demand productive
1 Total efficiency
consumption 1 Negotiate
Consumption trade
contracts

1 Regulate the
black market

1 Stimulate the
economy

1 Change tax
rates
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Figure 5. Reference World displaycontaining Excursion Creator, Excursion Portal,
Activity Summary panes in the foreground and Geolnformation Panel, Event Pane,
and Map Visualization display in the background



