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1DISTRIBUTED SSIMULATION

This paper presents drategic directions and research challenges in digtributed smulaion.

In searching for these technologies the author polled severd prominent members of the

amulation community and reviewed recent publications that characterized many aress of

amulaion:
- Proceedings of the 1998 Winter Smulation Conference (Medeiros, Watson,

Carson, & Manivannan, 1998),

Proceedings of the Twelfth Workshop on Parallel and Distributed Smulation

(Unger and Ferscha, 1998),

Proceedings of the 1999 Game Devel opers Conference (Yu, 1999), and

Digital Illusions. Entertaining the Future with High Technology (Dodsworth,

1998).

Didributed smulations are those applications that span multiple computer devices,
executables, or geographic areas. These include what are often referred to as parald and
digributed smulations (PADS) and didributed interactive smulations (DIS) (Fujimoto,
1998). These communities vary widdy in ther techniques for implementing a digtributed
smulation, but they both fal under the generd category of digtributed smulation.

Didributed amulation is widdy applied in military traning sysems in which computers
and executables have been joined together through techniques like the Digributed
Interactive Smulation (DIS) protocol, Aggregate Level Simulation Protocol (ALSP), and
the High Leve Architecture (HLA). It is dso usad in andyticd modes in which
networked and paradlel computers divide a problem into smaler pieces that can be solved
more rapidly. The entertainment community has agpplied digributed smulation idess in
atractions like the Batle Tech Entertainment Center and the Internet-based Virtud
Worlds environment. Most computer games dso contain a distributed simulation mode
that alows them to interoperate with other people playing the game on the Internet.
Games like Quake I, Rainbow Six, Command & Conquer, and the entire Star Wars line
arewell know and well sold for this capability.

2 STRATEGIC DIRECTIONS

The draegic directions are areas in which smulation can be agpplied immediately, but
where we have not taken full advantage of the technology that is avalable. These
indude:

- Sygems management,
Redl-time decison making,
Persstent virtua worlds, and
Virtud verigmilitude.

2.1 Systems M anagement

It is possble to embed smulation modes in the operating systems of computer systems.
These systems can feed data about their operations into a data Store that is accessible to
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samulation processes. Periodic execution of these would evduate this performance data
and identify the operationd trends in the data This can then be used to optimize the
system for its most characteristic gpplications.

The PC is a generd-purpose computer that is put to specific tasks once it is in the hands
of the user. If the operating sysem contained a smulaion kernd it would be &able to
evduate the uses to which each machine was being put and optimize that machine for
those gpplications. The smulation would need a database of gpplication characterigtics
such as word processing, accounting, databases, graphic art, sound editing, games, web
serving, web surfing, telephone management, and hundreds of others.

The advantage of smulaion-based adaptation is that the user need not be an expert in
configuring the machine and the dmulation can re-optimize the machine when it is
goplied to a different function. Since most sysems ae used for more than one
goplication, the smulation would dso be able to adjust the configuration to best satisfy
two or three applications - atask beyond the abilities of most PC users.

2.2 Real-time Decision Making

The world is filled with opportunities to goply computer smulations to assigt in red-time
decison meking.  Any place that information is avalable in a digitd form and humans
ae evduding tha information to making decisons based on that information, there is an
opportunity to support the human with asmulation.

These opportunities occur in thousands of fidds only a few of which will be described
here.

Combat Conaultant. Lage military organizations are migrding ther communicaion
and decisonrmaking tools to computer sysems. This provides combat information in a
form that can be accessed and evauated by a smulation. We are lucky to live in an age
in which our citizens are not faced with life-and-death combat decisions on a daily bass.
As a result, soldiers that encounter this kind of event are rdatively inexperienced a
deding with it. Militay organizations mitigate this through extensve training activities
(some of which dso involve smulations), but there is no subditute for experience. A
Combat Consultant is a Smulation mode embedded ingde of the command, control,
communications, computers, and intelligence systems being used by the soldiers (these
are commonly referred to as C4l Systems). The amulation is equipped with the expertise
of previous commanders and the red-time expertise of other commanders currently using
gmilar sysems on the network. The Combat Consultant can monitor the information in
the system and suggest adternatives that may be successful under the current Situation.

Though this may begin as an expert system, it dso includes the red-time experience of
other commanders solving dmilar problems a this moment in time and a smulation
engine to project this situaion into the future. The system searches for the best drategies
for handling each combat Stuation in red time,
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The term C4l evolved from C2 over the last two decades to more accurately describe the
operations performed by commanders and their decison support sysems. It is time to
add smulation to the acronym - C4IS.

Aircraft Navigation. The Federd Aviaion Adminidraion is planning to change the
mechanism for controlling commercid air traffic across the country. Under the new
method, entitted "Free Hight", pilots will have unprecedented decison making authority
in SHecting ther flignt paths and adjuding them throughout the trip. Smulaions can
assg these pilots by evduating environmenta data, arcraft status, data received from
sensors, and data transmitted from the ground. The sSmulation can congtantly study the
current Stuation, looking for the optimum solution for reaching a dedtination. Perhgps
more importantly, the smulation can adso generate customized plans for use in an
emergency. When the unexpected happens, a plan is ready and the flight consultant is
there to support a pilot who is confused, scared, and unable to make decisons.

Crowd Management. All large cities face the problem of managing the flow of people
trying to accomplish their own objectives These people may be driving in rush hour
traffic, searching the madl for a sde, or rushing to the best rides in a theme park. In dl of
these cases, we could optimize operaions by directing this traffic.  Using traffic flow
sensors we can measure the location and dendty of people in the system, feed this
information to asimulation, and look for solutionsin red time.

In the case of the theme park, entertainment events could be scheduled by the smulation
in patterns that push and pull the guests in specific directions. Good theme parks are
desgned to direct the flow of traffic from the time you enter the man gates until you
finish your tour of the atractions These designs would be asssted in red-time by
smulations that recognize overcrowding in one area and schedule activities to pull part of
the crowd to another area.  The "pull" mechanism may be the gppearance of a costumed
character down a dde path; beginning a computerized entertainer directly behind the
accumulating mass, or the sounds of a roaring dinosaur in a different direction. These
tactics are designed to redirect the crowd in a manner that is nonintrusve and that
gopears to be of the guest's own valition. Events may aso be scheduled to direct the
guedt's atention away from the fact that they are waiting in line.

Market Prediction. Banks and financid inditutions are dready usng smulaion and
gaming techniques to andyze past performance and predict future activities  These
gmulaions influence commodity trades, stock speculation, and currency exchanges.
They provide an edge over competitors that can result in millions of dollars in additiond
profits. Simulations of this type can be embedded into many forms of stock sdection and
advice software, including those used by your stock broker, internet stock trading web
page, and persond asset management package (eg. MS Excd, Quicken, MS Money).
These are dso useful tools for teaching a novice how markets work and what to watch for
in future investments.
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2.3 Persgtent Virtual Worlds

The networked world is a naturd host for a persstent virtua world that is accessble to
dl usars. We need to create virtud environments that are persstent over many years and
that form the foundation for specific Sudies, training, and entertainment that will be
conducted within them. The gaming community has dready accomplished this with
online persgent virtud worlds like Ultima Onling, Diablo, and Everquest. These
provide persastent fantasy worlds that evolve as the usersinteract with them.

Similar virtud worlds need to be created by high level sponsors of studies and training
events. These would be the seeds from which scenarios are drawn and the environment
in which distributed interactions occur.  Organization like the Office of the Secretary of
Defense, the Defense Modding and Simulation Office, the Centrd Intelligence Agency,
the Nationa Air and Space Adminidration, and others need to become the hosts for
persstent virtud worlds that support the needs of thelr entire customer base. It should be
possible for globdly digtributed customers to enter these worlds at any time and explore
solutions to current problems.

Commercid versons of this can be used to track the activities of specific individuds in
the population. The popularization of cdl phones and pagers has placed dectronic
tracking devices on the bets of a demographic of people that we are most interested in
tracking. These tagged people can serve as a sample of the generd population, alowing
us to see customer dengty in airports, malls, highways, and large entertainment events.

This could be used to identify potentia witnesses to crimes based on their presence in the
area and predictions of the path they were likely to have followed while in the area. It
may even be possible to identify the perpetrator of the crime using this technique.

24 Virtual Verismilitude

In the smulation business we drive to create virtud worlds that accuratedly represent the
red world. This dways involves a high degree of abdraction to help us experiment with
gysems that are far too detalled to fit into any mode. However, we have been s0
conditioned by our lack of computational power and seduced by our skills a abstraction
that we sometimes avoid extending our Smulations when we have the tools to do so.

There are few amulaions that portray a redly convincing virtud world. With al of the
computationa power now avalable and the increesng maturity of software tools to build
models and virtud worlds, we need to explore a new level of representation. It is time
for the next big advance in modeing detail and the richness of virtua environments

Satidicadly accurate smulations are excdlent for many agpplications, but we need to
begin equipping oursdves with modds that accurately represent individua objects,
events, and interactions without relying on actuaria effects to make them correct.
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3 RESEARCH CHALLENGES

The research challenges are those technologies that are essentid for the progress of the
fidd of digributed smulaion. Though there are many areas of vauable research, the
four liged here are broad enough and essentid enough to be listed as research chalenges.
These arel
- Human behavior modding,

Simulation domain architectures,
Abundant network bandwidth, and
Practical event management techniques.

3.1 Human Behavior Modeling

Many smulations are driven by datistica didributions that characterize the average
behavior of a sysem, but do not cam accuracy for individud events or smdl time
intervals. These didributions represent the activities of machinery, the population growth
rates of animas, and human performance of specific tasks. However, they do not node
indantaneous behaviors of intdligent or resctive beings in the virtuad world. We are in
dire need of techniques for insarting intdligent, reective, unique human behavior in the
virtua world.

Military training Smulations and computer games require interactions between human
operators and automated virtua humans.  In the padt, this has been accomplished through
techniques like Finite State Machines that encode specific behaviors and define the
trangtion conditions from one behavior to another. However, we are discovering the
limitations imposed by this technique. These are very difficult sysems to creste and
maintain. Human operators that interact with them regularly identify their limitations and
teke advantage of them. The entities controlled by these techniques do not exhibit
redigtic behaviors, rather they exhibit correct behavior - "by-the-book™, robotic actions.

We need to discover and creste techniques for representing the behavior of human
leaders, followers, and groups that give them the ability to gopear "live" or "red" to the
humans interacting with them.  Both the militay and the gaming communities ae
augmenting ther robotic methods with "softe” modds that incude human emation,
traning, and faigue. These result in objects that are dl dightly different in spite of being
driven by the same software.

The digtributed smulation community needs a set of behavior libraries that can be linked
into a gmulaion in the same way we currently link in datigtica digributions This will
require the definition of a set of categories of behavior and APl's that are necessary to
gimulate those categories.

3.2 Domain Architectures

Within the Depatment of Defense we have been developing standard protocols for
joining multiple, previoudy independent, smulaions. These methods have included the
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DIS protocol, the Generic Data System (GDS), ALSP, and most recently, the HLA. With
HLA we have begun to identify smulaion functiondity that is generdly necessry for dl
gysems and which should be included in an infragructure rather than within Specific
smulation modds. This approach dlows a smulation development team to reuse some
of the essentid functiondity that is included in the generd infrastructure. It has dso
encouraged us to question the uniqueness of every smulation sysem. We recognize that
gmulatiions fdl into doman aress in which the degree of commondity is much higher
than it is across dl gmulaion sysems.  We begin to imagine a layered view of
gmulation uniqueness Smilar to network protocol layers. Higher layers become more
gpecific until they narrow to a single gpplication.

It should be possble to develop an architecture that supports an entire doman of
gmulaion sysems providing a large common pool of functiondity. These architectures
may include a generd interoperability standard like the HLA, but would go further by
defining a st of doman tools for operaiing the smulations, common interfaces to
connect to externa systems, and object base-classes from which to extend unique object
instances.

3.3 Information Bandwidth

Didributed smulations can not exig without aufficient rdiable communicaions
bandwidth for delivering events and synchronizing execution of the entire sysem. This
bandwidth is currently one of the limiting factors on the sze of a didributed smulation.
Luckily, bandwidth is dso a limiting factor for al applications usng the Internet.  This
has attracted millions of commercid research and development dollars to the problem.
That work can and will be applied directly to smulaion applications. The globd
communicaions indusry will discover methods for providing abundant information
trander. These will incude methods for configuring the physcd medium of ddivery
and efficient protocols for trandferring data  We may productively put our efforts into
smulaionspecific  communications protocols that ae not addressed by other
communities.

3.4 PDES M anagement

For twenty years we have been involved in research to discover techniques for practical
and efficent synchronization of didributed smulation processes. This has resulted in
some very clever and powerful ideas for addressing this problem. However, these ideas
have been embraced by few indusrid and government applications. The condructive
wargaming community has adopted Consarvative Time Management, but Optimistic
Time Management is still searching for an ided goplication.

We mugt identify applications that are wel served by the different methods of event
management. To judify further study, our research in this area needs to find a practica
and vauable home in commercid, government, or military amulaion sysems. By 2010
we should be able to apply the appropriate synchronization technique to a distributed
gmulaion by andyzing the problem, seting configuration variables and ataching the
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event management engine to our sSmulation.  Trid-and-eror and fine-tuning of the
engine must become sandardized such that a smulaion professond can peform these
operations, rather than a PDES specidid.

4 CONCLUSION

The drategic directions and research chalenges presented in this paper emphasize two
different agpects of the future of digtributed smulation. The firg is the need for additiond
devdopment and imagination in gpplying the technologies we dready have. The second
is the need for additional research and innovation in aress that will dlow us to advance
the dtate-of-the-art. . It is the author's opinion that, while the research challenges provide
dimulating problems, the drategic directions for gpplications are much more urgent at
this time.  The world is in the middle of an information, communicaion, and
computational exploson. Thousands of advanced applications are being fidded every
year and many of these could be improved through the incduson of exising smulation
technologies. However, these opportunities are being lost or the technology reinvented
by others because of the lack of communication, marketing, and prosdytization by
members of the "core’ smulation community.

REFERENCES

Dodsworth, Clark. 1998. Digital Illusion: Entertaining the Future with High Technology.
ACM Press. New York, NY.

Ferren, Bran. 1999. "Some Brief Obsarvations on the Future of Army Smuldion”. Army
RD& A Magazine. May-June 1999.

Fuimoto, Richad M. 1998. "Padld and Didributed Simulaion’. Handbook of
Smulation: Principles, Methodology, Advances, Applications, and Practice. John
Wiley & Sonsinc. New York, NY.

Medeiros, Watson, Carson, & Manivannan. Editors. 1998. 1998 Winter Smulation
Conference Proceedings. Washington D.C.

Unger, Brian & Ferscha, Alois. Editors. 1998. Proceedings of the Twelfth Workshop on
Parallel and Distributed Smulation. Banff, Alberta

Yu, Alan. Editor. 1999. Proceedings of the 1999 Game Developers Conference. San Jose,

Cdifornia

ACKNOWLEDGEMENT
The author would like to thank Dr. Tony Vale Chief Architect of the Joint Smulation

Sysem, and Dr. David Pratt, Chief Scienti for SAIC ASSET, for their support in
identifying the Research Challenges listed in this paper.

Strategic Directions for Distributed Simulation 9



