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ABSTRACT

As non-kinetic warfare evolves, simulations arertgkrevolutionary steps forward to keep pace. Gulyea vast
majority of attrition simulations synchronize onusal effects associated with tactical interaction3ruly
revolutionary approaches bridge kinetic actionshwtieir correlations outside of the tactical redbmprovide a
holistic view.

Modeling these interactions pose significant cimglés for simulation developers. This paper dessrébéridging
technology explored by J9, the Experimentation @oete of USIJFCOM, to interface aspects of aritiattr
simulation, JSAF, with a behavior simulation, thgn®etic Environment for Analysis and Simulatiorc{ss).
Enabled by this shared virtual environment, gedgegpand events from the real-world are generasesd on
published scholarly research and open source his.research provides the means to develop astieatnodel of
population behavior consisting of population dgnsiemographics, culture, and beliefs.

Virtual agents are programmed with characteridtieg replicate the behavior of individuals in givesmmunities.
Curious or volatile crowds emerge through microdmdmkages of individual and group behaviors. Wt group
behaviors trigger macro-micro linkages that affedtvidual behaviors.

JSAF is used to provide the kinetic aspects of/itiets at the entity level within a city. SEAS geates the Political,
Military, Economic, Social, Information and Infrastture (PMESII) impacts of such activities at locetional, and
global levels. A SEAS-JSAF bridge facilitates thiitary decision-making process in complex urbariemments,
providing situational awareness of urban warfarg thre effects of crowds on military operations. igas paths to
outcome can result from a planner's inputs ancthergent behavior of agents. Additionally, decisaperiority is
enabled through rapid and enlightened experimemtativolving military and civilian operations. Byl@wving
planners to conduct a virtual rehearsal, innovativerses of action can be developed to influenowrarbehavior
and implement effective countermeasures.
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BACKGROUND

A nation can potentially achieve its political godly
influencing the behavior of the civilian populatjoas
opposed to relying solely on conventional combat

operations. The Effects Based Operations concep

(EBO) defines four factors of a Nation’s influence,
referred to as DIME: Diplomatic, Information, Maity
and Economic. The DIME factors can be directed
against an adversary’s political and cultural
underpinnings, as well as used to leverage theped
behaviors of key leaders and fighters in an etfmelign
such individuals with a nation’s political aims.

The pressure points where DIME factors can be egpli

Daniel R. Snyder
Booz Allen Hamilton
Suffolk, Virginia
Danid.Snyder @jejfcom.mil

impacts on the PMESII nodes. The model must tatce in
account the fact that these nodes may also be
simultaneously leveraged by the population cerdacs
the adversaries operating within these centertheh
ecomes the focus of SO to help separate the alyers
rom legitimate local governance and populationeen
Such a comprehensive model is missing among the
state-of-the-art simulations.

The State of the Art Modeling Environment

A vast majority of attrition simulations synchroainn
causal effects associated with kinetic interactioos
model conventional combat operations. The JointiSem
Automated Forces (JSAF) is the primary modeling and

under the EBO paradigm are categorized as Political simulation component used by the United Statest Join

Military, Economic, Social, Information and
Infrastructure nodes (PMESII). The infrastructurel a
networks used by the civilian populations, whicle ar

Forces Command (USJFCOM) to  conduct
experimentation of conventional combatant operation
for the Department of Defense (DoD). JSAF can be

also leveraged by the adversaries, can be directlyused to evaluate different combat systems within a

impacted by applying DIME to specific pressure p&in

Stability Operations (SO) are often required evitara
achieving a nation’s political goals. SO are defirses
the process of providing security, initial humania
assistance, limited governance, restoration ofnéisse
public services and any other reconstruction assist
needed to facilitate a transition to a legitiméteal civil
governance (DoD 2004).

In order for a nation to have a stronger influewithin

a foreign community, and to allow unobstructed 80 t
occur, the population’s support for the adversamest
be diminished. Without population support, adveesar
cannot easily hide or disguise their actions, aray m
become more readily targetable in a preventive miann
by a nation using the EBO construct. For exampla, i
population decides to reduce its support of an iEdve
hiding within its borders, then that population may
increase the frequency of timely and relevant
information reports to security forces. Armed with
current information, the opportunity exists for the
security forces to better anticipate future actitiret an
adversary may wish to execute. This ability to dvett
anticipate future possibilities falls into the mealof
predictive analysis and course of action (COA)gool

There is a compeling need for a model that

virtual battlespace. JSAF represents components of
military  organizations at a granularity where
fundamental processes of target identification and
kinetic actions associated with inflicting damagaiast
targets can be measured. Individual sensors and
munitions can be represented as distinct entities.
Additionally, the processes of acquiring and engggi
entities in the virtual environment are modeled as
independent and explicit occurrences, enabling a
quantified comparison of engagement protocols.

The virtual, urban terrain used by JSAF is constdic
using real-world data acquired via satellite imgg&he
terrain database is capable of representing pathnti
millions of buildings in detail (Ceranowicz, 200&Each
building is uniquely identified within the three
dimensional environment so that emulated pedestrian
and combat platforms can be associated or pairtd wi
particular buildings at particular locations, catesnt
with actual locations.

Buildings are modeled as Multiple State Objects QWS
each with a Building Function Category (BFC) assitn
automatically according to characteristics diffeised

by the actual data or by hand (Prager et. al., 200g

to a thousand different types of buildings can be
represented. The buildings are then used to help

encompasses both the kinetic and non-kinetic EBO
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differentiate places to perform activities suchvwask, model the kinetic aspects or the behavioral dinwerssi
worship, entertainment, and rest. in isolation. The work described in this paper tias

JSAF includes a ClutterSim federate to emulatdiaivi goalg, .O.f modeling the influence mllltgry deC|S|d|w_ue
on civilian mood, and the effect of civilian behavbn

vehicle and pedestrian entities (referred to agerjuby - i

. ) . . subsequent military operations. In order to meeséeh
modeling three classes of movement: static, dynamic Is. th del v d be mi
and commuter (Haskell, 2004). Commuter clutterlman goals, the model must accuratey. escribe micrormac

. i ' » dependences between local actions occurring within

automatically assigned appropriate places to perfar minutes, in contrast to macro behavior that poddgti
multitude of activities and homes to commute betwee re uires’da s to manifest podiy
based on the buildings’ BFCs. For example, commuter q Y ’
clutter provides the perception that pedestriaritient
get hungry as they move between their places ok wor

and one of many nearby restaurants. SimBridge

As a result, JSAF can now provide a virtual, dense,
urban environment in which to experiment. Withisth
environment, users can set the stage for eventsasia
car bomb detonation and can direct the movement of
clutter entities accordingly. However, all changeshe
daily routine of clutter commuters require manunguit
from JSAF operators. The behavior of the civilian

JSAF
Building repairs:
reconstruct
buildings

VIS

Well-Being: mood

population and the reactions of the populationitetic
actions of a foreign nation or by adversaries atgest
to the JSAF operators’ discretion. SimBridge NRT of)Bridge

Reactions to local
events: Crowd

Timeand Space Challenge

Despite the need to incorporate non-kinetic models
when simulating the outcome of operations, theildeta
modeling required inhibits a computationally fedsib Figure 1. A Full Cycle of Data Exchange between
simulation. A computationally light weight simulai is Kinetic and Non-Kinetic M oddls.

required in order to model a high density of people

moving through urban road networks and interactingLinking JSAF with a behavior simulation, Synthetic
with millions of buildings. Extending the model ah  Environment for Analysis and Simulation (SEAS)isit
individual to include a person’s intentions andsgsent possible to represent a full cycle of military ddons
behavior causes the simulation to become (repairs of buildings under the auspices of theisic
computationally infeasible. The only reasonable force) leading to improved relations between frignd
approach is to simultaneously handle multiple types forces and a foreign culture, which in turn infloes the
models, achieving the goals of each model appriafyia reactions people have to local events (see Figure 1
while meeting the higher goal of accurately capiyri

population behavior in an urban setting. SEAS consists of two types of simulations, NearlRea

Time (SEAS-NRT), and  Virtual International
Often, diverse models are implemented with differen System (SEAS-VIS). SEAS-NRT advances time at a
temporal and spatial granularities. With respect tofine granularity to address the interactions betwee
modeling EBO, DIME actions can take place within civilian individuals and military/security force &fies.
minutes, but resulting second and third order &fen SEAS-VIS simultaneously captures the perceived
the population’s demeanor may take days to surfe@e.  behavior of the population on a larger scale.
example, a first order action to close a bridgelead to
second order effects of riots and cause third ctfects
of unemployment to emerge.

The following case study illustrates aspects of the
correlation between military decisions and civilian
behavior. The underlying technology for bridging
The Unsolved Challenge of Bridging Kinetic and simulations described below will be grown to incua
Non-Kinetic full variety of military and civilian actions, teely on a

Modeling the influence of military decisions in arb more complex behavior model, and used to represent
realistic  situations that warfighters in urban

environments poses new challenges, the most signtfi ; forei i 1 Realism i )
of which is the correlation between tactical combat €nVironments on foreign soil face. Realism is ewéd

actions and non-kinetic behavior. Simulations ekist
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Big City Big City Big City

Public Opinion of Red Public Opinion of Red Public Opinion of Red

N

(a) Angry Crowd
Figure 2. Three Subsequent Scenesfrom the Urban Scenario

(b) Repair Team (c) Curious Crowd

by closely attuning the simulations to the culture * Building repairs was chosen to represent
differences displayed by the populations, the geo- actions taken by military decision makers in
specific nature of the environment, and accurate support of SO.

deli f the military/ ity f " behavior.
modeling of the milltary/security forces” behavior » Bombs were included to cause building

For this case study, JSAF and SEAS were takenfout o damage and provide local events that influence
their preferred SPP (Scalable Parallel Processor) the population.

environment for information assurance issues aatauti
with running the components in a DoD facility. urr,

any performance issues that may be associated with

* The possible reactions of civilian behavior
included the formation of curious or volatile

latency were not measured as it was not a variable crowds.
interest due to the artificialities related to ttrial. This is a reduced model of 0n|y certain types tibas
AN ILLUSTRATIVE URBAN SCENARIO and reactions. This first step represents a fullecyf

interactions between kinetic and non-kinetic while
Specific kinetic actions and non-kinetic reactiovere spanning the time differentials between the miard a
included in this case study with the goal of maugli  macro worlds. Future work describes how to inclatiie
the influence of other than direct combat actions o major actions and issues in the model following the
local civilian behavior. same fashion used for this case study.
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The scenario for the simulation takes place in aEvery detonation is assumed by the population en th
fictitious area called Big City, representing a qbex Right Side to be the result of deliberate Blue Eorc
urban environment. The urban environment is action against their people.

constructed from high detail terrain data, consisf - . .
building structures, building types, streets, aoddr One building .Of each PMESI! type on the ng_ht Jie
o . damaged. Since Blue gets negative credit for the
networks for a specific area of the world. Detailed . . : X
L . destruction, the Right Side becomes generally Bioig-
models of key buildings are also included to mdtel . . .
damage and repair of buildings aljd_ pro-Red. Any new explosmn on the Right Side
el elicits an angry response. Figure 2(a) shows tleeativ
i mood across the city (SEAS-VIS), the location daf th
bomb in the Right Side (JSAF-PVD), and a close up
view of an angry crowd that formed due to the bargbi
of a bank (JSAF-ModStealth). JSAF reflects the
agitated state of the population by clutter erditie
displaying or not displaying protest signs. Themter
used above will be defined in the next sectionhis t
paper.

Since all of the explosions up to this point ocedron

the Right Side, the Left Side has remained neutral.
When an explosion occurs on the Left Side, most
people who choose to crowd are doing so out of
curiosity.

As more detonations occur on the Left Side, thednoo
of the people on the Left Side becomes more faverab

For the purposes of illustration, Big City was died to the Red Forces and less favorable to the Bluegso

into two regions separated by a large river: reféitio
as Left Side and Right Side (see Figure 3). Imytialll Repair teams are sent to the destroyed infrastestin
the people are neutral with regard to the fore@gusty the Left Side and they rebuild the buildings. Jast
forces and any opposing forces seeking to destabili bomb detonations are credited to the presence u#, Bl
the local government. The foreign security forces a the people assume all building repairs to be cabged
referred to as Blue Forces. Opposing forces aeereef ~ Blue’s presence. As the buildings are restored, the
to as Red Forces. mood of the Left Side becomes less agitated ane mor
. cooperative towards Blue. Figure 2(b) shows thednoo
Bo_mp detonations - that cause collgteral damage %t the Left Side being influenced by the actionghe
b.u[I(.jlng structures resuit in react_|ons by nearby repair teams. An additional explosion on the LefteS
civilians. The moods of people are |_nfluenced by th draws only a crowd of curious onlookers, as is ghow
state of the economy and the perception of theeckus in Ei 5

. . . gure 2(c).
the detonations. In this case study, the civiliassume
all bomb blasts to be caused by the presence @f Blu THE SIMULATION ENVIRONMENT

How a person (represented in the virtual envirortinen The above scenario resulted from bridging a JSAF
reacts to the destruction of a building dependshen  federation of simulations with a SEAS society of
relationship the person has to the function of thesimulations. The JSAF simulations modeled commuter
building. For example, the destruction of a bank and pedestrian movement, collateral damage, and the
influences the overall economy which can impact process of repairing a building at the granulaodfy
people’s mood over a period of time; whereas, an achuman and building entities. JSAF also provided the
perceived as violence against a house of worship ca user interface to set off explosions at key bugdiand
ignite an immediate emotional response. to allocate non-combatant repair teams to rebuild
specified buildings. The SEAS simulations modeled

gurthe(;,. an extpr)]logon _cant cau;e pec:jplep to Icrot\r’]\'dt'population behavior at multiple levels of granulari
epending on their curiosity and mood. Feopie acity block, city region, national and internatiomalels.

have become angry crowd at the location of an ewent The behavior and emergent social networks are

prptest or riot.. Other people may crowd out of osiy. captured within the SEAS model, while simulating
Still others will not approach the event out ofrfea people at the fine granularity of a city block eleab
apathy. crowding to be modeled within select areas.
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A bridging technology was developed to enable theDTSim will generate messages to inform the other
SEAS simulations to operate within the same virtual federates of the change to the building’s damags.le
environment and to allow other simulations to iater JSAF-PVD (Plan View Display)

with the . SEAS .b_ehawor models while preserving The PVD is a two-dimensional, interactive visudiiza
causality in an efficient manner. . . S
of the detailed terrain data merged with iconic
The only human involvement required to generate thevisualizations of battlespace entities. ThroughRWD,
above scenario was in deciding where explosionsa user sets up the environment, detonates bombs, an
occurred and what buildings to repair. All otheemts chooses to send repair teams to rebuild certairagath
and social behavior emerged as the various siroakti  buildings.
interacted with and reacted to a shared virtual JSAFE-ModStealth

environment. The ModStealth federate is a three-dimensional
Joint Semi-Automated For ces (JSAF) visualization capable of showing an indication loé t
anger of a pedestrian. This federate visualizestite

JSAF is a collection of simulations, linked togetimea of the other federations.

High Level Architecture (HLA) federation. The JSAF
simulations used in this scenario were ClutterSim, Synthetic Environment for  Analysis and
DTSim, and ModStealth. The Plan View Simulation (SEAS)

Display (PVD) is the JSAF graphical user interface SEAS provides a behavior-based simulation system,

used in this scenario for human-in-the-loop (HITL) : ) : "
. h modeling behavior at multiple granularities from
input. The federates were connected using an.

implementation of a Run-Time Infrastructure (RTI) 'r:;er:zg:'og"g Atg égﬂ';/iggalofptﬁons elg cinsilr:flg?%[r?s
developed by USJFCOM J9, named RTI-s. ' yp ¥

SEAS-VIS models human behavior and SEAS-NRT
RTI-s does not include the overhead required torens model fine-grained human movement to simulate crowd
that interactions are received by each federate information. These simulations are described in Hetai
timestamp order. Rather, all federates are requived below.

synchronize by their simulation times with the wall Virtual International System (SEAS-VIS)

clock t|m§, and occasionally W'th. a f.eder'ate dessig SEAS-VIS is used to examine interrelated effects of
as the time master. Synchronization issues becomé

critically important when bridging JSAF federateshw Inrtézisncc)js;tril;izng?Olga((jj)grlgmélcnsa %?t?ngr:gl,cilxgm’i
other simulations that require timestamp orderifig o b b ’ b

. . goals, and desires for well-being. The SEAS-VIS

events, as will be described below. . . ; .
environment is composed of geographic entities

JSAF-ClutterSim (nations, provinces, cities) and their infrastruesu
ClutterSim has been effectively used to incorporate(electricity, telecommunications, transportationc.)e
crowds and background pedestrian and vehicle ¢raffi political systems (type of government, political
into virtual urban environments (Speicher, 2008eT parties/factions), social  systems  (institutions,
clutter entities move in accordance to road network organizations, groups), economic systems (formdl an
and buildings that are recorded in the terrain lukge. informal sectors), and information systems (print,
Using SPP resources affords JSAF federations théoroadcast, internet).
necessary scalability to potentially model milliook
entities in virtual environments with millions of 30O
buildings (Davis, 2004).

Each nation within the SEAS-VIS consists of fivpag

of synthetic agents or entities: citizens (civiBan
soldiers), non-citizens (rebels, terrorists), leade
With respect to this scenario, ClutterSim was eohdn  organizations, and institutions. To represent ahstic

to receive messages indicating where a crowd isnation each entity type is constructed as a prapat
forming, how large the crowd is, and the averaggean representation of the societal makeup of a reabmat
level of the people in the crowd. Changes in a d'sw and encoded with static and dynamic traits. For
size or mood can be given in subsequent messages. example, a citizen agent is encoded with statiitstra

JSAF-DTSim (Dynamic Terrain Simulation) such as race, ethnicity, income, education, religio

The DTSim federate uses building models for dedaile gender, and nationalism; and dynamic traits such as

simulation of collateral damage to specific buitgin religious, political, societal, and violence origns.
Lo ) g€ b ; The behavior pattern of each of these entitieeis/ed
When a building is being rebuilt by a repair team

' from various theoretical paradigms covering a wide
range of disciplines (Chaturvedi et. al. 2004).
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JSAF lfﬁ“
Federation k"ﬁ{]

JSAF-SEAS
Bridge

Shared Reality

Locations

Figure4. An Illustration of Shared Reality in a Society of Simulations.

SEAS-VIS uses information regarding the collateral understanding of reality. Members cooperate witthea
damage to critical structures to produce the mobd o other to achieve the goals of the society whilesgang
individuals across the city, nation, region, anel\trorld their own local goal.

g;tlee;rgﬁésThe damage is classified under the PMES”The goal of the society in this case study is taehthe

influence of combat operations on civilian behawod
SEAS Near Real-Time (SEAS-NRT) the impact of civilian behavior has on military
While SEAS-VIS runs at faster than real-time clock decisions. The goal of the SEAS-VIS member is to
speeds, certain significant events are modeledfinea = model the impact that actions against and for the
granularity using SEAS-NRT in order to grasp pdssib PMESII nodes have on a population’s behavior. By
crowds, mobs, demonstrations, and riots that mayinteracting with the shared virtual environment,
emerge. Such micro events influence the behavithveof SEAS-VIS achieves its goal and also provides what
synthetic agents modeled within the SEAS-VIS. imfu  other members need to complete their goals.

the reaction of the SEAS-VIS agents can triggerroac In order to link the various JSAF and SEAS simolagi

micro linkages _that affect other |n-d|v|dua_\l behas!at in the above scenario, the JSAF federation is dwatu
a fine granularity, such as recruitment into actést . . . i :
as a member of a society of simulations including

network, or an offensive event in one area of aroiay SEAS-VIS and SEAS-NRT members. From the

allow a militant leader in another location to gain erspective of the JSAF federation. the societea
immediate support. SEAS-NRT is used to model select? € SPES . yeapp
as a single federate that publishes and subsctibes

numbers of individuals at a time, adding movemeiat a L X

. ) 7 HLA-compliant interactions.
awareness of immediate surroundings to these
individuals (Foong et. at 2005, Chaturvedi et2805). Interactions between members occur when portions of
When an explosion occurs, nearby individuals thatthe'r m_odt_als of reality com_cm!e. The portions spects

. . that coincide are placed within a space accesBipk|
sense the explosion are modeled using SEAS-NRT. :

O . relevant members calleshared reality

Once an individual senses a bomb explosion, the
individual can choose to approach the bomb location The shared reality mechanism enables the necessary
The attraction of crowding around the bomb location synchronization among members to emerge as a
for each individual is dependent on the person’sdno characteristic of the data access requirementshef t
modeled by the SEAS-VIS simulation. The techniquesmembers. Each member executes asynchronously until
used to link SEAS-NRT with SEAS-VIS and to link data external to the member is required. A member
SEAS with JSAF are described next. senses shared reality for data it depends onelfitita
is not yet present, the member can conservativelly w
for the data or optimistically continue, dependimgthe
execution characteristics of the member.

The features shared among the JSAF and SEAS
members are explosions, building damage levels,
crowds, the mood of people, and the simulation tese

is illustrated in Figure 4. JSAF-PVD produces bomb
explosions as messages on the JSAF federation

Linking Simulations by Joining a Society of
Simulations

Using the metaphor of &ociety a comprehensive
simulation is composed of the specialized JSAF and
SEAS simulations. Each specialized simulation is
regarded as anember of the society. A member
simulation operates independently on its own
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network. A JSAF-SEAS bridge that is subscribed to The spatial granularity at which a member execistes
bomb explosion interactions will receive a notifioa characteristic of the member. The internal grartigar

of the explosion and will store a bomb event in an of the members that share data do not have to match
internal queue. Since JSAF federates implicitly Each member produces data in a form consistent with
synchronize by wallclock time, the bomb event dosts  its internal representation of the data withouthibheden
include a time value. The JSAF-SEAS Bridge queriesof transforming the data for use by specific other
the JSAF federation time master for the local satiah members. A member that uses data in shared reality
time. Once the time is received, the Bridge plabes may have to transform the data into a form consiste
bomb entry in the shared reality accessible by thewith its own internal representation. Table 1 shans
SEAS-NRT members. approximation of the finest granularity of inteiant

SEAS-NRT members will sense any significant eventsWlth each of the members. SEAS-VIS was designed to

. ; : odel only two regions for simplicity of this case
that influence their movement by accessing Share“gudy—the Left Side and Right Side of Big City.
reality for their local proximity. In this case, eh

significant events are explosions. Once an expiosio  Shared reality allows information to be exchanged
sensed by an individual, it queries shared re#ditthe between the three types of members without foraihg
public arousal level of the locality. simulations to operate at the finest granularity of
interaction. Allowing data to be exchanged across
diverse granularities enables both complex behavior
models and models involving the fine detail of
movement to be applied to individuals in areasighh
population density.

The arousal values for individuals are providedthy
SEAS-VIS member. The events indicating damage to
and restoration of infrastructure entities are nedias
DIME actions on PMESII nodes which are then sensed
by individuals through media, social networks ahd t
environment. The arousal of an individual is detesd Constructing a Society of Simulations
by behavior models that comprise demographics
information sensors, perception of such information
based on the individual's perspectives, memorytard
individual’s goals. 1. Analyze a simulation member's input
dependences and potential outputs.

'In order to construct a society from a number of
simulations, the following tasks must be completed:

The damage of buildings is produced as a message on
the JSAF federation network and is received by the 2. Design the shared reality constructs that will
JSAF-SEAS Bridge just as the bomb detonationsfare. be shared by multiple members.
corresponding building damage entry is placed withi
the shared reality accessible by SEAS-VIS. SEAS-VIS
can sense these entries and categorize the damage o
repair action under the PMESII classification usihg  Analyze the Member

BFC provided by JSAF. A member’s inputs are any way an external action ca
influence the application, such as dynamic inputs,
initialization files, and data. Also take into
consideration the time requirements for each dgtati

3. Build a bridge for each member to connect the
member to the shared reality.

Table 1. Diversity of Reporting Granularities
among Simulation M embers.
JSAF Fed. SEAS-NRT| SEAS-VIS
spatial 0.1 meters, <1 meter 2 regions Design the Types of Shared Reality Entries
temporal < 3 seconds <1 second 14 seconds Data produced by members will be placed in shared
populationcrowds individuals | individuals reality objects, according to the granularity ofeth
producer.

SEAS-NRT individuals decide to approach a nearbyBuild a Bridgeto Link Each Member to Shared
explosion, flee the area, or ignore the bomb, ddipen  Reality

on their mood. The SEAS-JSAF Bridge senses whenFinally, design a member's bridge based on the
SEAS-NRT individuals approach a significant event member's inputs and the available data in shared
and will gather the specifications of the develgpin reality. If the output data is in a format that thember
crowd. These specifications are provided to theRISA cannot digest, a translator must be encoded witrén
federation as a message consisting of the locadiaa, member's bridge. Possible translations include
and average anger level of the individuals in ttosvd. transformations such as scaling, interpolating,sizu,

As the crowd grows or shrinks, the SEAS-JSAF Bridge and aggregating.

will generate an update to the crowd.
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JSAF Fed. Bridge SEAS-NRT SEAS-VIS

| 1: fed. time[t=1] |

2: bomb interaction

3: buildi 1

4: fed. time

5: bomb entry

Y 6: buildi q

7: public arousal

8: crowd entry

9: fed. time
10: crowd form interactio

‘11: update crowd entry

12: fed. time
13: crowd update interactioy

L
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Figure5. Time-Line of Interactions Between JSAF and SEAS Simulations.

The time synchronization among members must be sé&or optimization, the spatial representation of Bigy

up carefully to avoid deadlocks, cascading rollilsack could be decomposed into regions so that one
and serialization. One of the simplest cases iBawe = SEAS-NRT crowd federate would only receive
each member driven by another member. A membenteractions that represent bomb events and public
waits for the time advance from a driving member byarousal values of individuals in its spatial logali

waiting on shared data generated by the driving lneem
If a member has no driving member, it is free tesamte

its time indefinitely. There must be one membert tha
will drive the society without being hindered tosare
that time will progress.

The map of producers to consumers and any
decompositions of the interactions into regions M/dae
explicitly described when the federation is desijne
Additionally, the synchronization of SEAS-NRT with
SEAS-VIS on public arousal interactions would be
In the scenario described in this paper, the JSAkmplemented as an added constraint within SEAS-NRT
member drives the society. SEAS-VIS follows JSAFto enable a proper ordering of the public arousdlies
since it depends on building damage valueswith the decision of an individual to approach sarg.

SEAS-NRT depends on SEAS-VIS to determine theI'he society of simulations approach is in contrashe

mood of people in a crowd and therefore foIIowst ical method used by HLA of keepind a maoping of
SEAS-VIS. The synchronization that emerges fromYP'C Y ping & ppIng
. . o publishers to subscribers and controlling the data
making SEAS-NRT wait on JSAF is illustrated ! . . .
in Eiqure 5 interactions by a centralized management mechanism.
9 ' Though the resulting patterns of interaction among
COMPARISON WITH RTI federates are equivalent to the patterns of intierac
among members in a society, a society approach does
not dictate that all members use a specified time

management mechanism.

Another common approach to linking simulations
together is to construct a federation accordinght®
High Level Architecture (HLA) standard. For the arb
scenario described above, SEAS-VIS and SEAS-NRTnh a society, the publishers and subscribers areage
simulations would become federates in a federatiah  autonomously. The interconnections between publshe
includes the JSAF federates. SEAS-VIS would becomand subscribers emerge as subscribers sense @ata th
a subscriber to building damage interactions and @ublishers produce. A subscriber can change its
producer of public arousal interactions. SEAS-NRTrequirements to sense other data without coordigati
crowds would subscribe to bomb detonations and theith a centralized data management mechanism that
public arousal levels of individuals. owns the map of linkages.
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The society of simulations approach was designed t8imilarly, simulations connected as federates tARIS
enable heterogeneous simulations to interact in anoould influence the PMESII nodes through the Bridge

efficient manner while allowing each simulation to
operate autonomously. A society of simulations
approach implicity enables diverse data access
frequencies among simulation members by allowirgg th
members to manage their own data access requirement

To add the new members to an existing society regui
development of a bridge for each, but does noteplac
new constraints on the existing members. The fofigw
section describes possible future applications of a
simulation society.

JSAF
Individuals
City Blocks 2 ) \ ! / _| .
National =2 o= New
ationa b D,
L e Y -

S -,

Figure 6. Enhancing the JSAF-SEAS Society with
New Members.

FUTURE WORK

A virtual environment in which the same problemsset
can be viewed from multiple perspectives provides a
consistent platform across experimentation, arslysi
and training. Experimenters develop and test new
models within a simulated environment; analysts
validate a model by testing it under diverse pnobsets
and comparing it with other established modelsngisi
Human-In-The-Loop (HITL) components, trainees can
interact with the same virtual environment and lage
validated models in the training process.

A society of simulations consisting of JSAF and SEA
offers a consistent and extensible virtual envirentin
which simulations can incorporate the links between
macro and micro behavior within a global context. A
new member of the society can access shared raglity
level inherent to its model, whether it operateghat
national or individual level. No matter what leuele

new member accesses, the member can cooperate with
other members in an integrated manner acrossvalkle
from individual to global, as is illustrated Figure 6.

Simulations connected as new members of the sagiety
simulations could access interactions publishedhimvit
the JSAF federation through the JSAF-SEAS Bridge.
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The following examples describe ways in which the
JSAF-SEAS society could be extended to leverage new
application areas.

Joint Warfare System (JWARS) provides a
model of military strategy at the campaign
level, taking into account certain “soft factors”
that can be used to determine the will of a
soldier to fight an adversary. While these soft
factors are focused on the morale and readiness
levels of military forces, the values of these
factors could be influenced by the will of the
soldier’'s people to continue to support their
military. Soft factors could also be used to
include the influence of a foreign population’s
continued support for an occupying force.

Using a society of simulations approach allows
simulation members developed according to
diverse standards to interact. Joint Operations
Army Navy Air Force (JOANA) is an
operational level national simulation developed
in Germany to model non-combatant
influences on the stability of a region. The
model incorporates actions such as illegal drug
trafficking, relief efforts, and refugee
migrations. The model involves convoys,
supplies carried by the convoys, and the
disposition of crowds at national and
international levels. Actions can be triggered to
occur automatically dependent on specified
behavior and stress levels associated with the
JOANA aggregates, such as when riots in
refugee camps result from food shortages or
terrorist attacks. Enabling interactions between
simulations developed by the international
community and the  U.S. developed
simulations, such as JSAF, fosters involvement
from international partners.

Process models and commercial multiplayer
games could be added to extend JSAF's
functionality with multiple models based on

different underlying assumptions. Connecting
these extensions within the JSAF-SEAS
society allows the extensions to leverage both
JSAF and SEAS. If such extensions or any of
the proposed member simulations are
connected directly to the JSAF federation,
interaction with the population models of

SEAS can occur through the two-way JSAF-
SEAS Bridge.
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« Additionally, streams of live sensor data could of simulations can be extended to include additiona
be integrated into a society, appearing to thenembers representing new application areas or newly
other simulations as any other data sourcedeveloped models with significantly different
Live sensor data can be used for continuousharacteristics. Using the JSAF-SEAS, a consistent
refinement of simulation data. Operational Netmodel of EBO is provided for experimentation, asaly
Assessment (ONA) utilizes a knowledge baseand training. No other system presents a seamless
consisting of PMESII nodes, possible DIME integration of multiple levels, from global to initiual,
actions, and a corresponding list of probablenecessary for developing comprehensive EBO models.
_PMESII _effects. A simulated wor!d_ REFERENCES
incorporating these nodes and effects, verified
by live data, provides insight into the dynamic Ceranowicz, A., and Torpey, M. (2004). Adapting to
aspects of ONA. Urban Warfare. Ininterservice/Industry Training,

- . . . Simulation, and Education Conference

e By prpwdlng a user an immersive .portal_ into (ITSEC 2004)Paper No. 1554.
the virtual world, a society of Slmu_lat|ons Chaturvedi, AR. et. al. (2004). Agent-Based
COUI(,j alsq be used to addres; t_ra|_n|ng. The Computational Model of a Virtual International
users actlo_ns can produpe realistic _mfluences System. In Proceedings of the Conference on
on thg smulaped enV|ror'1ment,' involving Agent 2004:  Social Dynamics: Interaction,
population behavior and tactical actions. Reflexivity and Emergence Chicago, IL.

Further development of the JSAF-SEAS Bridge is also Forthcoming.
planned to enable more civilian actions to beChaturvedi, A.R. et. al. (2005). Virtual Internated

represented in JSAF that are based on mood. For System. In Interservice/Industry  Training,
instance, a crowd may degrade into a riot in respda Simulation, and EducationConference (I/ITSEC)
a convoy of foreign troops moving through a popatat 2005 Acceptance pending.

center that has been agitated by the media. Davis, D.M., Baer, G.D., and Gottschalk, T.D. (2p04

21 Century Simulation: Exploiting High
CONCLUSIONS Performance Computing and Data Analysis. In
The bridging technology described in this papebéeth Interservice/Industry  Training, Simulation, and
simulations of tactical actions to cooperate with Education Conference (INTSEC 2004)
simulations of civilian behavior, with the goal of  Paper No. 1517.
producing a comprehensive virtual environment forFoong, C.M. etal. (2005). Towards Enabling A

modeling urban operations. A full cycle of acticarsd Distributed And Scalable Society Of Simulations. In
reactions emerges, modeling the reaction of civdlito Proceedings of the 2005 Agent-Directed Simulation
the actions of a military/security force. Manuabir is SymposiumApril 3—7, San Diego: The Society of
required only to perform certain high-level deasip Modeling and Simulation International. 11—18.
such as which buildings to repair and the detonatio Haskell, E., Volkert, J., and Dufault, B. (2004) eR
explosions. Such a virtual environment allows plems Force Modeling in JFCOM Experiment Urban
be tested that incorporate the effects that DIMéoas Resolve. In Interservice/Industry  Training,
have on PMESII nodes. Simulation, and Education Conference

('TSEC 2004)Paper No. 1730.

The SEAS and JSAF simulations represent VeNbrager, S., et. al. (2004). Malls, Sprawl and @hutt
different types of simulations in terms of time ahata Realistic Terrain for Simulation of JUO. In

management, yet, they can interact efficiently and nierservice/industry Training, Simulation, and

effectively through a shared reality. The Bridgénzen Education Conference (ITSEC 2004)
SEAS and JSAF demonstrates the potential benefits Paper No. 1884.

gained by bridging together simulations from dieers Speicher, D., and Wilbert, D. (2004). Simulatingotin

perspectives. The ability to extend a specialized = 1 affic in Support of the Joint Urban Operations
simulation to include interactions from other siatidns Experiment. In Interservice/lndustry Training

without constraining all connected simulations t0 a  gjmulation and Education Conference
single time and data management technique fosters (NITSEC 2604.)Paper No. 1888.
composability and reuse.

Using a society of simulations approach presengs th
necessary environment in which to test current risode
and develop new models for EBO. An existing society
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