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ABSTRACT

Di stributed heterogeneous simulations pose many problenms for representations
of a tenporally and spatially consistent synthetic natural environnent (SNE),
especially if that environnent is dynami c. The generation and distribution of
the SNE in the run time formats of the sinulation applications is one hurdle
that nust be overcome. In a dynamic environment, this data nust be updated in
an efficient, consistent manor as the exercise is taking place. Parallel
Di screte Event Simulations (PDES), such as JSIMS, pose additional problens for
a dynamic SNE. For instance, optimistic approaches may require that changes
made to the simulation environnent be “rolled back” if a sinulation entity
needs to revert to a time previous to the change. Changes to the SNE may
require large amounts of data and processing tinme, so this requirenment has
serious run time inplications. Also, each simulation entity may require a
different view of the environment, depending on its location and notion of
sinmulation tine.

Under the DARPA Advanced Sinul ation Technol ogy Thrust program the Framework
of Reusable Cbjects for the Synthetic Natural Environment (FROST) project is
working to identify and address these issues, in order to provide a dynamc
SNE representation that could be used in a distributed PDES sinulation, such
as JSIM5. The FROST approach is to develop a ground truth environnent
managenent system that uses PDES events for database updates, along with a
comercial object oriented database managenment system This paper will
describe the issues associated with a distributed SNE in a PDES environnent,
how our approach addresses these issues, and our design efforts to date.
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Di stributed heterogeneous sinulations
pose many pr obl ens for
representations of a tenporally and
spatially consi st ent synt hetic
natural environnent (SNE), especially
if that environnent is dynanmic. The
generation and distribution of the
SNE in the run tine formats of the
simul ati on applications is one hurdle
t hat nmust be overcone. Par al | el
Discrete Event Simulations (PDES),
such as JSI M5, pose additional
problens for a dynamc SNE  For
instance, optimstic approaches nmay
require that changes nade to the
simulation environment be “rolled
back” if a simulation entity needs to
revert to a tine previous to the
change. Changes to the SNE nmay
require large amounts of data and
processing tinme, so this requirenent
has serious run tine inplications.
Al so, each sinulation entity nay
require a different view of the

envi ronnent,
| ocation and
tine.

dependi ng on its
notion of sinulation

DI STRI BUTED SNE | SSUES

Al end users and role players in an
enterprise, and thus all applications
in a system should have SNE data,
derived froma comon source, if they

need it. This could be achieved via
pre-distribution, by a central
server, or by a truly distributed
solution. Experience has shown that

(1) defining a comon notion of
gl obal environnental ground truth is
notoriously difficult, even in a
fairly honogeneous context, and that
(2) consuners of SNE data nake | ocal
optim zations to gl obal environnental
ground truth. That is, consumers of
SNE data have application-specific
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Burlington, MA

needs for data content and coverage,
especially in heterogeneous systens.

Dynam ¢ Envi r onnent

In a dynamic environnment, this data
must be wupdated in an efficient,
consi stent nmanner as the exercise is
taking pl ace. One of the mgjor

advances in DoD simulation technol ogy
over the past five years has been the
advent of dynamic SNE data. SNE
objects and their attributes can

change during the course of an
exercise, and new objects can be
created. The range of variability is
enor nous, from highly | ocali zed

changes to the geonetry of terrain or

the articulation of a door or w ndow
in a building, to the fluctuation
with tine of gridded weather data on
a gl obal scal e. A static, pre-

di stributed Synt heti c Nat ur al

Envi ronment is no | onger feasible.

Sone i mredi at e archi tectural
observations are possible. First, the
nmere exi stence of dynamc objects in
the SNE makes a distributed solution
necessary. A central server for
dynani ¢ SNE data would be the easiest
to inplement and mmintain from a
devel oper’s poi nt of Vi ew, but
i ntroduces performance issues that
must be addressed. Furthernore, a
central server can introduce a single
point of failure. One nmjor issue in
designing a dynam ¢ SNE nechani sm has

to do with how changes are
distributed. While distributing them
at the finest level of detail is the
nost obvi ous way to guar ant ee
correlation, doing so can be very
inefficient. A possible optimzation

strategy is to use a generic or
paranmetric description of changes but

having applications inplement these
changes in their own ways leads to
consi stency problems: How does one
ensure t hat al | updat es are

equi val ent ?



Consi st ency

Wil e sone progress has been nade in
mai ntai ning and distributing dynamc
SNE data, the sinulation community
has yet to come to terns with an even

nore difficult set of challenges
sunmed up in the word consistency.
Di fferent applications nay have
different runtinme representations of
the SNE. Sone of these differences
may be historical, having arisen
along parallel devel opnent pat hs.
Sone di f ferences in runtime
representation are nore basic, being
driven by vari abl e per f or mance

requirenents of target applications
and varying system capabilities.
However , t he nost f undanent al

differences in SNE representations
are due to different application
requirenments for content, based on
differing requirenents for
functionality. One obvi ous
fundanental area of mnmismatch is the
need for both textured inagery and
vect or dat a, as required by
vi sual i zation and planning systens,
respectively.

A nore pervasive difference is in the
need for representations of an object
or collection of objects at different

| evel s of resol ution. Aggr egat e
conbat nodel s nay understand a forest
or wooded area as relevant to
maneuver planning for a battalion
whereas a tactical team training
simulator may very well need to nodel
i ndividual trees. The terrain skin

itself may need to be represented at
| evels of resolution ranging from a
gri ddi ng at hundr eds of nmeters
bet ween sanple points down to highly
conpl ex polygonal nodels of sub-neter
resol ution. For every type of object
in the SNE, it is possible to find
applications and wusers wshing to
represent objects of that given type
at different levels of resolution

For system desi gners and
i mpl enent ors, t he need for
consi stency across different levels
of resolution and across different
types of representation presents a
severe chall enge. A server/client
approach would nake it easier to
mai ntain consistency but harder to
retain performance.

Consi derabl e progress has been nade
by SEDRI'S (Synthetic Environnment Data
Represent ati on I nt er change
Speci fication) [ STRICOM  1997] in
bringing a conmon object nodel and
common software interface into the
pi peline between SNE data producers
and consunmers. O course, the SEDRI' S
object nodel is highly flexible, as

it nmust be to support the data
requirenents of a wde range of
consunmers. Thus, while SEDRIS has

been able to provide data from nany
producers to nmany hungry consuners
through a common interface, it has
not solved the probl em of consistency
of dat a anong the vari ous
representations enabl ed by its
fl exi bl e nodel .

Data D stribution
The nechani sns used for distribution

of SNE data may be an issue, since
data distribution nmechani sns used for

ground truth data characterizing
entities, whet her pl at f orns or
aggregate units, may not be adequate,
due to the following fundanental

di fferences of these data types:

Entity data sparsely popul ates the
gam ng area, whereas SNE data
covers the ganming area

Many types of SNE objects are
“large” in spatial extent and
irregularly shaped — The fact that
an entity has a well-defined
| ocation and a relatively conpact

m ni mum boundi ng box nmakes
managi ng such data and queries
about them nuch easier. In the
case of large and irregularly
shaped areal features such as
vegetation or bodies of water, or
essentially unbounded I i near
features such as transportation
net wor ks, support for even sinple

queries is difficult. Performng a
“fence locate” query which returns
all features in a given spatia
wi ndow | eads to dynanmic indexing
schenes.

The quantity of SNE data is orders
of magnitude greater — Detailed
platform |l evel terrain databases,



such as the STOW SW Asia pl aybox,

approach a gigabyte in size.
Coverage at a coarser |level of
resolution of |larger areas, as

planned for JSIMS builds, wll
probably be on the sane order of
magni tude. Dynamic SNE objects,
METOC data in particular, wll
probably be inplemented at JSIM
IOC as gridded fields, requiring
significant resources for storage
and reassenbly.

Owmnership of SNE objects is not
wel | -defined — Distributed systens

enforce consistency by granting
update privileges or locks on
objects or their attributes. In

the case of battlefield entities,
there is typically a single owner

of this privilege, in fact a
single thread  or process is
normally responsible for state
changes to a gi ven entity.
However , in the ~case of SNE
objects, many if not all federates

or processes
change the

nmay be eligible to
state of an object.
This poses challenges for the
sof t war e i nfrastructure,
particularly in light of the large
spatial extent of SNE objects.

PARALLEL DI SCRETE EVENT
S| MULATI ON | SSUES

The JSIMS program plans to use a
Parallel Discrete Event Sinulation
( PDES) i npl ementation for its
simulation engine. The Synchronous
Parallel Environment for Enulation
and Di screte- Event Si nul ati on
(SPEEDES) [Steinman 1991] framework
will be used for this engine. Sinple
event - based sinulations nodel systens

of interest by sequentially executing
and eval uati ng a ti me- ordered
sequence of discrete events, each
representing a change in the system
As events occur, they often create
new (future) events, which nust be
schedul ed according to when they wll
happen.

The challenge in PDES is to partition
this stream of events into nultiple
streams which can be executed in
parallel, while achieving the sane

results as in the serial execution.
To achieve this, each parallel
process is typically assi gned

responsibility for one  or nor e
distinct elenents of the system and
thus processes all events relevant to

t hose el enent s. To ensure
correctness, it is sufficient to
ensure that each process executes all
of its events in tinme order
[ Overeinder 1991]. However , since
each event can spawn additional
events, guar ant eei ng or der ed
execution is non-trivial. A nunber of

techni ques have been developed to

address this “time managenent” issue,
which can be divided into two broad
cat egori es: conservative, and

optimstic. Conservative strategies
use restrictions on the behavior of
events and sinulations to guarantee
that no event is ever executed out of
order. Optinmstic strategies, on the
ot her hand, execut e events
speculatively and “roll back” the
results of any events found to have
been executed out of order.

t hat use an

Sinulation systens

optinmstic tine nmanagenent schene,
such as is planned for JSIMS, pose
interesting problens in sinulating a
dynanmic SNE. In particular, the fact
that SNE data is large, dense, and
difficult to | ocalize make it
especially challenging to nodel in an
optinmistic nmanner. This leads to
three related difficulties. First,
nmost roll back schemes involve sone
form of state copying before each
event is processed; the size of the
SNE data can nmke this inpractical.
Differential state saving schenes

have been developed, but can be
difficult to inplenent for SNE data
due to the non-linear and sonetines
dat a-i ntensi ve nature of SNE changes.

Second, SNE data is difficult to
transmt on demand due to its size.
PDES applications frequently use

i nterest managenent
limt information flow into each
simul ati on process; thus applications
do not receive state wupdates for
objects they are not currently
interested in. As a sinulation’s zone
of interest changes, it nust acquire
t he current state of new y
interesting objects over the network.
Unfortunately, infrastructure
software tuned to the needs of entity

techniques to



simulation is often incapable of

supporting t he vol une of dat a
generated by the transmi ssion of this
state data for the SNE. Finally, even
with interest nanagenment, each tine-
nmanaged obj ect is typically
interested in a large volune of SNE
data at any given tinme. Applications

ai m ng to achi eve fine-grai ned
paral l elism can sinmulate hundreds or
even thousands of separately tine-
managed objects on a given CPU. For
such applications, it is inpractical
to maintain a separate SNE store for
each sinulated object, yet each
obj ect nust see a version of the SNE
consistent with that objects unique
simul ation state.

FROST DESI GN

The  DARPA
ohjects for
Envi r onnent
part of

Framework  of Reusabl e
the Synthetic Natural
(FROST) project, which is
the Advanced Sinulation
Technol ogy Thr ust progr am is
investigating a distributed ground
truth envi r onnent dat abase and
managenment system approach for use in
t he Joi nt Si mul ati on (JSI M)
enterprise of constructive
simul ati ons. FROST is a joint project
with TASC as the prime contractor and
SAI C as subcontractor. The FROST team

is investigating issues associated
with a distributed ground truth
envi ronnent approach for providing
al | SNE dat a to het er ogeneous
simul ation syst emns, i ncl udi ng
platform and unit |evel simulations,
as well as C4l systens. The FROST

design is based on an object-oriented

f ramewor k sol ution. Cl asses and
nmethods are defined to inplement a
ground truth environment nanagenent
system The FROST t eam is
investigating the feasibility of
using existing elements of the JSIMS
infrastructure and/or a conmmercial
dat abase managenent system to
i mpl ement much of this functionality.
W have investigated both relational
and obj ect-ori ent ed conmer ci al
dat abase managemnent syst ens,
including ObjectStore, bjectivity,

and Oracle8. W are working with the
JSI M5 SNE and infrastructure
developers to determine how this
approach fits into t he JSI MB
architecture, especially within the
JSI M5 hject Services (JOS), M ssion
Space Objects (MSO, and Parallel
Di screte Event Si nul ati on time
managenent architecture. The FROST
team is developing a prototype of
this appr oach, which  shoul d be
avai l abl e in Septenber of 1999.

Qound Truth Environnent
System

Managenent

A distributed ground truth
environnent database and nanagenent
system as shown in Figure 1, could
be used to help solve nany of the
probl ens associated with consistent,
dynanic SNE representations. 1In a
system such as this, a distributed
ground truth environnent database is
mai nt ai ned, which contains all of the

source data needed to generate the
run tinme, application specific
envi ronnent representations. The
ground truth environment nanagenent

system provides the data distribution
and real tinme conpilation nechanisns
to mai ntai n consi st ent
representations anong simul ation
applications. Application specific
dat abase content, area extent, and
| evel of resolution are nmanaged using
i nterest managenent techni ques.

interface
interface to

envi ronnent al
consi st ent

A conmon
provides a

all applications, thus constraining
t he design of the application
specific environment representations
and reducing devel oper investment in

i nterface design.

Descri ption of Conponents

The nmaj or conponents of this approach
are the Gound Truth Environnent
Management System (GIEMS), which is
itself conposed of the Gound Truth
Envi r onnent Dat abase ( GTED) and
Appli cation Specific Envi ronnent
Dat abases ( ASEDs) , and t he
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Figure 1: Distributed Ground Truth Environnent

Environnmental Interface. This section
will describe these conponents in
greater detail.

The GIEMS <can be viewed as a
di stributed application that nanages
the ground truth and application
specific environnent databases. The
GIED, which is the heart of the
GTEMS, cont ai ns al | of t he
envi ronnent data needed by any of the
support ed applications, i ncl udi ng
terrain, ocean, and atnospheric data.
The GIEMB supports and manages the
other processes, such as mltiple
resol ution environnental state update

nodel s and nmmnagenent routines for
initialization and dynam c updates.
Future simul ation syst ens wil |

require that SNE data be changeable
at run tine. This nmakes it inpossible
to guarantee that data wll always be
avai l able locally for each query, and
i ndi cates t hat sinpl e pre-
distribution of all SNE data is not
enough to ensure availability.
Furt her nor e, t he requi r enent to

Distributed

GTEMS Unit CGF App

Dat abase and Managenent System

tinme modi fi cati on
necessitates the existence of a
mechani sm for propagating changes
from the originating application to
all other interested applications.

support run

The Ground Truth Environnent Database
(GTED) is a dynamic repository of
data used to create consistent SNEs
for use by the simul ation
applications. The GIED interface to
t he ASEDs provi des a spati al
organi zation which is inplenented

efficiently for wuse by the ASED
conpi l ers, utilizing the spatial
i ndexi ng organi zati on mechani sm
within the SEDRIS data nodel as the
main  organi zation construct. O her
organi zati on nechani sns, such as
| evel of det ai | and state
i nformation, could be used as
secondary organi zation constructs.

Since the GTED will be Il arge and need
to be persistent, portions of it wll
probably be stored on disk. In order
to provide data to distributed
applications, latencies from disk



access and the network will have to
be accounted for. Steps can be taken
to aneliorate the latency issue. In
particular, the GIEMS system can
maintain a |ocal cache of relevant
GIED data in the process space of
each application. The GIEMS nanhages

these caches to ensure consistency
and timeliness. In exercises in which
occasi onal | ong | at enci es are
unacceptabl e, the local caches can be
nade very | ar ge, ef fectively
elimnating net wor k | at ency for
static dat a, at t he cost of
i ncreasi ng application menory
requirenents. In order to help
satisfy conposability requirenments,

the GIED would be designed to allow
sub-sanpling both by spatial extent
and by SNE content, through the use
of an off-line pre-exercise process

and by the GIEMS at exercise
initialization. This capability has
design inplications such as how the

data are spatially organi zed and the
| ocalization of indices within the
data structures.

The Application Specific Environnment

Dat abases (ASEDs) are the run tine
ver si ons of the SNE that t he
supported applications will use. The

ASED object nodel could be a subset
of the GIED object nodel, tailored to
the run time SNE requirenents of the
specific applications. The ASEDs may
also contain data derived from GIED
data, if the derivation of that data
is nore efficient than storing it in
t he GTED representation.

A question that may be asked about
this approach is why ASEDs are needed

at all, i.e. why not use the GIED as
t he run tinme f or mat for al |
applications. The sinple answer to
this is that different application
types require very different run tine
SNE data representations. A good

exanple of this are the differences
bet ween conputer generated forces and
conputer inmmge generator run tine
formats, where the former use the SNE
nostly for planning and the latter
use it for di splaying textured
pol ygons. The al gorithns t hese
applications use are closely coupled
to the run tine data formats, for
efficiency reasons. Since future CG-
systenms will need to federate wth
other sinulation systens, but still

require correlated and consistent
envi ronnment al representations, t he
GITED representation will have to be
different from any of the ASED

representations in order
all of the ASED formats.

to support

The  Environnent al Interface (El)
conponent can be divided into four
mai n cl asses of functions:
envi ronnment al state queri es,
envi ronnent al effects, ASED
managenent, and environmental state
updat es. The environnental state
queries would provide direct access
to the geonetry, features, topology,
and METOC data in the ASEDs. These
functions <could be inplenented as

met hods which can query data in the
ASED. Exanples of functions in this
cl ass are elevation | ookup and
tenperature at a location. The
environnental effects functions are
algorithmc nethods that typically
access multiple environnental state
vari abl es. Exanples of functions in
this <class are |Iline of si ght,
transm ssi on | oss, and nobi lity
anal ysi s. The ASED managenent
functions provide an interface to the
GTEMS dat a nanagenent routines. These
functions provide support for |Iloca
data caching, interest nmanagenent,
and search space nmmnagenent. The
environnental state update interface
functions allow the nodification of
SNE data. Sone of these functions

nodi fy the GIED data directly, while
ot hers will | aunch non-trivial
processes t hat af f ect mul tiple
envi ronnent al state vari abl es.
Exanpl es of functions in this class
are snoke, hydrology, and cavitation

nodel s.
Desi gn | ssues

One of the mmjor design issues wth
this approach is how the ASEDs are
popul ated and distributed. Just-in-
time conpilation fromthe GIED to the

ASED formats, with i nt erest
managenent schenes used to limt the
amount of data that needs to be
| ocal l'y cached wi thin each
application, seens |like the nost
flexible appr oach. Envi ronnent al

dat abases are becoming very |large and
complex, and the nenory demands on
simulation applications are grow ng
enornously to hold these data.



Managing only the areas of the
environnent that are being used by
the application wll decrease the
amount of nmenory required, and nake
dynam ¢ updat es nor e manageabl e
because only the areas being used
will have to be wupdated. Another
benefit to locally caching only the
data that is being used is that the
amount of data conpaction does not
have to be as great as it is in sone
of the run tine formats currently in
use. This nakes the conpilation
process nore nanageable, and nekes
just-in-tinme conpilation possible.

Performance is a key requirenment for
all conponents of nobst sinulations.
For the SNE, perfornance can be
nodel ed as a function of t wo
paraneters: |ocal query response tine
and, for di stributed SNE
i npl enentati ons, network transm ssion
time. Experience has shown that the
nost effective way to optimze |ocal
gquery response tine is to tailor the
data organization both to the data
content and to the nature of the
queries of greatest inportance. For
di verse applications, this can only
be achieved by wusing application-
specific data formats for responding

to local queries. To optimze network
transm ssion tine, the ideal solution
is to store all data locally. Failing
that, it is critical that the data
required for nost queri es be
available locally at the tinme that
the queries are made. This is often

achieved by pre-distributing much or
al | of t he rel evant dat a to
interested applications at exercise

start-up. However, data sets mmy be
too large to nmke pre-distribution
practical, especially if that data
needs to stay be updated based on

changes to the environment. Dynamc
i nterest nanagenent can be used to
reduce the anmpbunt of data that needs
to be pre-distributed.

There are sever al critica
characteristics of this approach to
not e. Firstly, applications would

only access the SNE data through the
ASEDs Environmental Interface. The
Envi r onment al I nterface, in turn
woul d process those requests through
interaction with the ASED, i.e. they
woul d not access the GIED directly.
This helps maintain encapsul ation,

and ensures that each application is
served by an ef ficient
representation, tailored to its
needs. Secondly, all changes would be
made through the update nodels in the

GITEMS to ensure the consistency of
the GIED; allowing changes directly
to the various ASED representations
woul d make ensuring consi stency
nearly inpossible due to wvarying
| evel s of detail. Thirdly, the SEDRI S

data nodel should be used as the
starting point to define the content
of the GIED, since the SEDRI' S nodel
adequately represents the full range
of SNE data. Fourthly, the interface
to the SNE data should have the sane
| ook  for al | applications. Al
queries for the same information
should wuse the sane nethods for
access, but different algorithns may
be run in those nmethods depending on
t he application. And finally,
met adata should be associated wth
the ASEDs which would be used by the
GITEMS to populate them including
information about SNE content and
| evel of resolution

PDES | nfrastructure

As described previously, there are a
nunber of technical challenges when
i mpl enenting a distributed SNE within
an optimstic PDES sinulation. In
this section, we wll describe the
infrastructure designed by the FROST
team to address these challenges

This infrastructure was designed with
two basic assunptions in mnd. First,

that each application wll sinulate
hundreds or thousands of individually
ti me- managed “entities,” each

requiring a tinme-managed view of a
dynamic SNE. And second, that changes
to SNE data within any given entity’s
i medi ate area of i nterest will
general ly be infrequent.

Wth these assunptions in nmind, the
FROST team cane to the follow ng
concl usi on: SNE data cannot be

replicated and separately time-
managed for each entity, but rather
nmust be treated as a shared resource
for all entities sinulated on a given
host. The difficulty, then, is in
ensuring that each entity sees, or
behaves as if it sees, a view of the
SNE consistent with the events it has
processed to date (and no others).



There are a nunber of ways to achieve

this. The nost obvious would be to
run the entire simulation using
conservative ti me- managenent,
resulting in there being only one
“correct” view of the SNE at any
gi ven nonent. However, this solution

was rejected as inconpatible with
JSI M5 requirenents. Another solution
woul d be to nmmintain a conservatively
managed shared base-state for the

SNE, and store and locally apply
change events for each entity as it
accesses SNE data. This seens to be a
reasonabl e solution, but it would be
conputationally expensive because it

i nvol ves perform ng t he sane
operations repeatedly for entities
interested in the sane data. The
alternative that the FROST team

settled upon is to nmanage know edge

Application Process

GTED | Version
Bucket

Fi gure 2: FROST PDES Infrastructure uses Version Databases (VDB) for each
simulation entity

about changes to t he SNE
optimstically with the entities, but
manage the SNE dat a itself
conservatively.

The design that the FROST team
devel oped is shown in Figure 2. The

approach is as follows. The SNE data
is partitioned into “buckets”, each of
which has a current version nunber.
SNE dat a is mai nt ai ned
conservatively, al ong with its
version information, in a GIED cache
and one or nmre ASEDs in each
application process (nultiple ASEDs
are allowed on a host only to allow

the simulation of entities requiring
di fferent ASED formats wthin a
single application). At the sane
tinme, each entity mai nt ai ns an
optimstically managed “version
dat abase” (VDB) of what it believes,

based on the events it has processed,
to be the current version nunber of

each bucket in whi ch it is
i nterested. When an application
requires SNE data, it first checks to
make sure that the version nunbers
for each relevant bucket data, it
first checks to nake sure that the
version nunbers for each relevant
bucket nmatch those stored in its
|l ocal table. If any of the currently
avai l able data has an old version
nunber, then the application stalls
until the desired data is avail able.
Because the SNE data is nmanaged
conservatively, it can never be the
case that data with a newer version
nunber than that desired by the
application is available. | f an
application processes several events

and then receive a nessage predating
those events and specifying a change



rel evant SNE dat a,
then it must roll back to the tine of
the change event, and ensure that it
acquires the specified data.

in version for

Consider the following illustrative
exanpl e: Entity E1 is performng
maneuvers in a region covered by SNE
bucket Bl. El receives an event
notifying it that at tinme T1, Bl's
versi on nunber will change from 3 to
4. So long as E1 has not yet
processed any events wth tinestanps

later than T1, it sinply updates its
version table for Bl and proceeds. |f
at sonme tinme later than T1 it
requires access to the SNE, it wll
check the shared SNE repository to
make sure t hat ver sion 4 is
available. If it is, then E1 wll
continue simulating. If not, it wll
wait until the new data is present

and then proceed. To understand why
the data m ght not yet be avail able,

remenber that the GIED and ASED
repositories are managed
conservatively, and so  will not
process the change event until there
is no possibility that it wll be
rol | ed back.

The inpact of this approach is that

changes to the SNE tend to result in

conservative execution of entities
interested in the affected regions.
In the worst case, frequent and
wi despread changes could cause the
entire si nul ati on to run
conservatively over an entire
execution run. However, in the nore
frequent case of |ess pervasive SNE
changes, nost of the sinmulation wll

run optinmstically nost of the tineg,
wi t hout suffering the massive data or
conput ati on replication costs
associated with providing a separate
SNE representation for each sinulated

entity. The FROST program plans to
prototype this approach, and wll
present experinental results in the
future.

Figure 2 shows the architecture on

the GIED <client side only, and
focuses on elenents relevant to tinme
managenent . Not shown are GTED
servers, whi ch are separate
applications on the net wor k
responsi ble for mai ntaining GIED

“ground truth”. Also note that data
enters the conmponents shown in Figure

2 through two paths: simul ation
events update each entity’'s VDB, and

cache synchroni zati on net hods
popul ate each application's GTED
cache as ground truth evol ves.

One could argue that the tine
managenent schene described above is
i nefficient, and t hat it is
imperative that a neans be found to
manage SNE data optimstically to
avoid stalling applications while

wai ting for
advance after
bel i eve that

by storing
(conservative)

global sinmulation tinme to
changes to the SNE. W
that could be achieved
changes to the
ASED local to each
entity. However, such a schene would
have two primary drawbacks. First, it
woul d involve nassive replication of
potentially | arge dat aset s. For
exanpl e, consider a series of change
messages describing a periodic update
to weather data across the entire SNE

pl aybox. Large portions of this data
would need to be replicated and
integrated into local ASED | ookaside
buffers for each entity; this volune
of data could easily overwhelm an
ot herw se wel | - desi gned system
Second, inplenenting such a schene
woul d add yet another level of data
representation that nust be kept
consistent with the others. Rather
than being able to look to the ASED
for “the” answer to any SNE query,

the Environnental Interface would now
need to keep track of and integrate
data from both the conservative ASED
and the entity-local | ookaside store.
While this could clearly be done, it
woul d add considerable conplexity to
the system Thus, we currently plan

to pursue the Version Dat abase
approach previously descri bed.
Nonet hel ess, should experinentation
show that our ~current design has
unaccept abl e per f or mance
characteristics, we nmay revisit the

decision not to pursue optimstic
storage of ASED changes as descri bed
here.

CONCLUSI ON
Thi s paper describes an approach for
managi ng di stributed synt hetic
envi r onnent data in a parallel
di screte event si mul ati on
envi ronment . The FROST team is



prototyping this approach using an
object oriented database nanagenent
system for t he persi st ent SNE
dat abase and the SPEEDES framework
for PDES. Results of this prototyping
effort will be docunmented as part of
t he FROST project.
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