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SIMULATION, COMPUTING, INFORMATION, AND FUTURE WARFARE

by

Gregory H. Canavan

ABSTRACTY

To fully exploit the capabilities that will become possible
through the integration of all of these advances, a laboratory has to
have a strong, fundamental position in each of thern. To fori.ee the
new capabilities possible, it is necessary to be able to think
quantitatively and creatively al} the way from the technologies for
precision to the unthinkable to nuclear deterrence in an amorphous
world. By a combination of foresight and luck, Los Alamos has
such a combinatirn, and is committed to . 2main on the forefront of
the technologies that define the competitive advantage of the U.S.
military and the industries that stand behind it

1. INTRODUCTION

Recent memo:s nn "Computing, Information, and Information in the Futur.” and "Warfare
in the Year 2030" were written quickly and separately, but share certain themes. They are joined
here as backgroun. material for discussions of the future of the Los Alamos National Laboratory.

Certain redundant paragraphs are omitted.

ii. THOUGHTS ON SIMULATION, COMPUTING, AND INFORMATION

Los Alamos has some real surengths. Most people think they reside in our large, hungry
computers. Computers are a resource, but perhaps its smallest one. Its real resource is the people
who are skilled at using them in very large simulations and the contacts we have in the services
who would like for us to use them more effectively on simulations of their virtual reality.



As 1o the latter, the DoD’s DARPA and DDR&E have finally biought virtual reality to the
threshold of virtual respectability. It is now believed that large simulations can do more good than
harm in defining and dcciding between new weapons systems and hierarchies. A big problem in
the past was service advocacy. Most of the big simulations of the past, includiag those that led to
"Air-Lund Battle 2000" and FUFO were tuned up to sell fighters or tanks or both. What is needed
is a neutral group of expert simulators who do not have a stake in the hardware implications of the
simulations--just in doing the best simulations possible. Los Alamos could be such a group.

A general problem in doing simulations is establishing an interface with the military service
uscrs that can translate missions into models with any useful degree of fidelity. Los Alamos now
defines that interface for Army simulation and has been asked to do likewise for the Air Force
Space Commar-!, STRATCOM, and Combat Command. Los Alamos has excellent contacts with
the Navy at all rclevant levels. It is in a position to do excellent simulations of future systems and
organivatioas (vr each of the ser.ices and hencr: for overall combined force operations in the
theaters of int . .st in the future. The Laboratory could simulate integrated operations involving
land, air. rea, and space forces and do them with real fidelity and confidence.

A big part of that capability is the large number of people trained herc, many in the
weapons proJram, who are not afraid to tackle big models, run very large and expensive
calculations, and try to extract very subte messages froin them. That has been their job for years.
They could shift to massive simulations of combined-arms virtual reality in a matter of months.

Los Alamos also has good working relations with the external world in componcnt models.
Contractors would not be reluctant to bring their component models here, as long as the Lauvotatuy
concentrate, on the big picture and lets them eat off of their component pieces. Yeople like to coms
herc, and they have Tound our CCF a nice place 10 send their toys electronically. The Laboratory
has built up a lot of good will that we could count on in our marketing.

Los Alamos has a lot of skill at both conventional and advanced signal processing. The
Laboratory can handle big numixr crunching problems with conventional techniques today. And
the work it did in defining data handling distributed rernote sensing brought us up G the state of the
art in the world 1n data frsion and udvanced signal processing--although our capability in those
esoteric arts is not a« yet fully appreciated in the general community.

Finally, Los Alamas does have computers. Tackling the design of the military forces of the
future is an immense task. We barely have the resources required. No one else docs. We also have
the skills in graphics, presentation, and interpretation that could keep us from drowning 1n bits ar.6
that are needed to communicate the important results to military users. Los Alamos has another



thing, too: the DoD's respact. It may not like the Laboratory's independence or stumbling attempts
at building DoD hardware, but it recognizes the Laboratory's unique ability to tackle large
computer problems c.f this nature as a natural, and has no onc else adequate to the challenge just

now.

IHI. THOUGHTS ON WAR FIGHTING IN 2030

2030 is a long way off. It is hard, but useful, to imagine what technology will be like then.
The military systems of 2010 are those that are in development today. We would be hard pressed
to introduce more advanced technology into them. But those of 2030 are hardly defined, and could
be impacted profoundly by advanced and creative research. Thinking about what the world will be
like is a bit of a guide. For one thing, 2030 is about when even the most optimistic, environraent-
free predictions indicate that the competition for resources will become acute. It will be a mean
world. The rich are getting richer and the poor are getting poorer--and madder.

A. Trends

The DoD thinks current policy and trends are likely to lead to a world some 15-20 years
hence in which there are 20-30 nations who do not like us very much with weapons of mass
destruction and several means of delivering them. By 2030 the naumber could grow to 40-50
nations with access to user-friendly versions of much of the latest military hardware sold to them
by our current allies. Some conclude there is "little likelihood that [proliferation] can be stopped
soon, much less reversed.” This powerful, negative summary of our honesi thinking means that
there will be threats to U.S. security and that future coalitions will hc much harder. Defenses will
be a necessity--not a luxury. We will largely be going it on our own to prolect access o resources
and to maintain the independence of like-minded minor nations without major military facilities to
support our long-range operations.

Over the next 3-4 decades, technology is likely to explode ai a much higher rate than the
present. By 2030 global sensor suites will be alle to find and track almost anything in real time,
and advanced weapons will be able to target those targets with precision in real time They will be
able 1o strike globally, partially from space. The war between the hiders and finders will become a
desperate scramble in the air, land, sea, and space. There will be no sanctuaries.



B. Role of Technology

The question then becomes what ecchnology can do to enable the U.S. to project power
globally in a largely hostile world with at best the previous generation of technology and few
inhibitions about using it. My answer is currently unpopular: the main thing the U.S. DoD will
have going for it is the capability and dedication of its military people; thus, increasingly the margin
of victory will he in using technoiogy to squeeze the maximum of performance from each one.

There will be tremendous advances in electronics, computing, and manufacture, but these
advances will be focused into force multipliers for the man behind every plane, tank. ship, or
spacecraft. The reason for that conclusion is a simple scaling argument. Information processing
capability roughly doubles every 2-3 years, so over approximately the next 40 years, information
processing will improve about a factor of 220 = 106. That will make machines that are "bnlliant-
squared” by 10day's standards, but in absolute terms, they will be about as smart as chickens.
Their main role will be to improve the performance of man, who will still be the fastest and most
versatile parallel processor in the battle.

Getting the most out of man will require getting the most out of every supporting
technology. Electronics will have to be pressed to the nanotechnology region to keep up with him.
Biology will be pushed to the limits of sensing to rcad out his commands, convert them into
signals, and feed back the results of actions or analyses. Computers will be pushed to gigaflop and
petaflop rates to analyze possibilities and control auxiliary sensors and weapons. Communications
will be pushed to the limit to maximize his contribution while minimizing his exposure to hostile
environments and giving him access to the best data and technical and political advice.

C. Simulation, Computing, and Information

Suck a capability is a logical outgrowth of current trends, taken to their logical extremes.
As noted above, DARPA and DDR&E have brought virtual reality to the threshold of virtual
respectability. People now belicve that large simulations can do more good. The challenge of the
next decade will be to make a reality out of decision-assisting systems. The challenge of the next
decade will be to convert those virtual realities into mechanisms for controlling those systems and
hierarchies. The challenge for 2020-30 will be using the limits of bioengineering and computers to
allow man to not only command those systems but to reconfigure them in real time t0 maximize
performance against adversaries almost as capable and flexible as himself.

It is said tha. "Wellington's drills were bloodless battles, and his battles were bloody
drills.” It may be necessary to approach that level of correspondence between training and combat
again (o get maximum performance from the new generations of technology. The path to
maximizing growth in that dimension is to develop the simulations of systems and the simulators
for training together in an integrated system, package, and facility.
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Los Alamos could help in each of these challenges. In the past a big problem in systems
simulations was service advocacy. What is needed now is a neutral group of expert simulators who
do not have a stake in the hardware implications of simulations, which is almost a definition of
Los Alamos’ normal functioning. Los Alamos is working with DDR&E to capitalize on its
expertise in simulation and excellent working relationships with the military services to provide a
capability to do excellent simulations of future systems and organizations for each of the services
and hence for overall combined force operations in the theaters of interest in the future.

Because of its capability in both hardware and software, Los Alamos could also add all-
important hardware-in-loop simulations nceded to rapidly assess the impact of new possibilities.
That is critical. given that the goal is n. * only to put *he best options in the hands of the user, but to
put the best options there faster than the other side can. Now delinquent, that time-to-market could
be the biggest contributor to the mar-in of victory in ...: ‘ncreasingly comp-titive future. Los
Alamos has other real strengths. Most pc ple think they are our large, hungry computers, but we
have another: DDR&E's respect. It recognizes our unique ability to tackle big computer problems.

D. Biologica! Sciences

Computer, software, and simulations skills are dominant through 2000-2010. Thereafter,
the principal areas for competition are likely to be biotechnology and bioengineering, in which Los
Alamos has very strong positions. In those decades it will not be enough to synthesize new
materials and sensors; it will be necessary to grow them through a synergism between matenals
and bioiogical enginecring. The sensors and satellites of 2020 may not have focal planes that are
etched lithographically; they may be grown organically to enormous size and complexity. Satellites
and aircraft of the future may likewise have skins and energy stores that are grown and partly
biological. In designing hybrids to perform such functions, it is essential to have a full-spectrum
research capability that can lear from how living organisms themselves evolve to provide new,
competitive capabilities.

The limits of the fusion of material science, bioengineering, and information technology are
almost limitless, but they surely include smart sensors that can generate their own energy and seck
the enemy, satellites the size of basketballs that can fight or flee and adapt their sensors o new
challenges, and undersea creatures with enough intelligence and resources to track their prey.



IV. SUMMARY AND CONCLUSIONS

To fully exploit the capabilities that will become possible through the integration of all of
these advanccs, a laboraiory has 1o have a strong, fundamental position in each of them. To foresee
the new capabilities possible, it is necessary to have a laboratory that can think quantitatively and
creatively all the way from the technologies for precision to the unthinkable to nuclear deterrence in
an amorphous world. By a combination of foresight and luck, Los Alamos has such a
combination. And it is committed to remain on the forefront of all of these technologies that define
the competitive advantage of the U.S. military and the industries that stand behind it.



