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ABSTRACT

When should we engage the enemy directly and wh
should we maneuver?  Of course, the answer depend
the circumstances and the simulations presented here
simply illustrative.  The purpose here is to describe o
aspect of an on-going Marine Corps research progr
called Project Albert.

This aspect is our attempt to capture, i.e. distill, t
essence of a subject in as simple a simulation as poss
We don’t even call our models simulations, preferring t
word distillations.  Because they are by nature simple, 
can run them many times to try to gain insight into o
questions.  And we have the ability to grow even more d
to explore interesting regions of output, a process we c
Data Farming.

The process of looking at many manifestations of 
operation and then trying to build a deeper understand
of the whole structure is a sample of what we c
Operational Synthesis.  A contrasting approach would be
to increase the verisimilitude up to the limits of computin
power and run a small number of iterations.  Many curre
military applications efforts are in line with this contrastin
approach and yet don’t seem to meet the challen
required to answer our questions.

1 THE CHALLENGES

The following is one question important to the Marin
Corps: when should you engage the enemy directly a
when should you maneuver?  This fundamental quest
will provide a context for this paper. Many analytica
challenges confront us as we attempt to get insight into 
and other questions.  These challenges include dealing 
deterministic chaos in analytical simulations
understanding the nonlinearities of actions and behavi
of combatants, and capturing cohesion, morale, leaders
and other characteristics which will determine the outco
of future military evolutions.  At the Marine Corps Comba
Development Command we don’t claim that we have yet
meet any of these challenges. But we are trying someth
different, because our ultimate task is not to accurat
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simulate warfare in excruciating detail.  It is to provid
answers to our questions in order to help Marines beco
better maneuver warriors.

As our analytic simulations become mor
sophisticated, we are beginning to observe examples
deterministic chaos in the results.  Deterministic cha
refers to irregularity in behavior due to sensitivity to initi
conditions (i.e. the “butterfly effect” where small chang
in input, say a butterfly flapping its wings, may cause lar
changes in output, such as altered weather patterns). 
challenge is to recognize the phenomena, resist temptat
to ignore anomalous results, and begin to understand
reasons behind them. There are, however, regions
stability in current model results which we need to not j
identify but understand.

Another challenge is to come up with models th
more accurately capture the nonlinearities of actions 
behavior of combatants.  Sometimes a small and ostens
insignificant action matters immensely in the larger sche
of things.  The challenge is to begin to recognize su
actions and model them in ways that hypotheses can
tested which may eventually lead to an understanding
what actions are likely to nudge the outcome in a posit
direction.  In order to test these hypotheses, ano
challenge is to develop better visualization a
computational tools that will help us interpret the da
representing the complex, chaotic behavior we 
modeling.

The determining factors in warfare are often t
intangibles and a final challenge is to capture the
General Charles C. Krulak, Commandant of the Mar
Corps, recently stated that we must not only addr
combatant behavior, “but also their cohesion, morale, a
fighting spirit.  If we can model those intangibles an
couple them with advanced technologies and o
philosophy of maneuver warfare, we will be unbeatable!

Our current models and approaches don’t appea
meet the challenges required to answer many of 
military applications questions.  They can not cope w
complex, dynamic processes.  They ignore the domin
variables in combat.  They don’t address the most relev
issues.  At the Marine Corps Combat Developme
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Command we don’t claim that we have all, or even any,
the answers.  But we are pursuing something differ
under the umbrella we call Project Albert.

2 ESSENCE NOT VERISIMILITUDE

Project Albert is a question-based, multi-disciplinar
scientific method of inquiry.  Because our reduction
analysis methods don’t seem to provide the insight i
many of our questions involving complex adaptive syste
such as warfare, we have turned to a process develope
Dr. Alfred Brandstein, Chief Scientist of the Marine Corp
This process, called Operational Synthesis, involv
distillations of the essence of combat, visualization of t
appropriate data, and understanding combat evolutio
This process is a complement to traditional Operatio
Analysis—it supports the study of asymmetries, risks, a
potentials through the use, inter alia, of agent-based
distillations. Operational Synthesis is outlined 
Brandstein (1999).

Casti (1997) provides several examples of agent-ba
computer simulations. He describes how these artific
worlds are changing the way we are able to perfo
experiments that are too impractical, costly, or danger
to perform outside of the computer.  But haven’t we be
simulating military applications for many years?  Wh
now appears to be different is that agent-based mo
show the promise of distilling the essence of a subject 
meeting the challenges outlined in the preceding sec
without the never-ending requirement for greater a
greater verisimilitude.

Hoffman and Horne (1998) describe some initi
efforts by the Marine Corps to understand the poten
mesh of the nonlinear sciences and complex adap
systems with the study of warfare.  One such effort is 
development of an agent-based model called ISAA
developed at the Center for Naval Analyses by Dr. An
Ilachinski.  ISAAC is a mobile cellular automata model 
that the individual fighting entities, called agents, mo
through a lattice and carry information with them as th
go.  The agents are given characteristics which include
default local rule set specifying how to act in a gene
environment, goals directing behavior, sensors genera
an internal map of environment, and an internal mechan
to alter behavior.  An interactive presentation with re
time model runs is a better way of demonstrating the mo
and how we try to distill the essence of a situation.  H
on paper we will present just a snapshot (with arro
added for discussion in next section) from one of o
maneuver warfare distillations called AMY_M and give 
brief description of ISAAC.

For both red and blue agents, the first group 
parameters represents capabilities such as sensor and
1148
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range.  The next group of parameters, or “p-weight
represents the “personalities” of the agents, or how t
will move and select strategies.  This is done by inputtin
set of weights, which are used to rank possible mo
according to the agent’s proximity to the various types
agents and goals.  The other inputs represent another ti
adaptability, perhaps sociology, whereby the defa
personality is altered according to local thresho
constraints.  And finally, below the dark lines we see
tally of alive and injured agents—one “hit” creates 
injury and two removes the agent from the play.

3 MANEUVER VERSUS ATTRITION

In the scenario depicted in Figure 1, a blue force of 
agents starts from the northeast corner and is trying
reach the red goal in the southwest corner defended by
red agents.  The blue agents have been given hig
individual fighting capability than the red agents. The bl
force has also been given a propensity to move away f
the reds (but not as strong as their propensity to m
toward the goal).  This is not to say that they won’t enga
the reds, but their tactic takes on the appearance o
“maneuver” type tactic versus a more “attrition” type tac
of simply barging straight toward the goal with no rega
for what might be in the way.  Who will win when we p
the more capable fighters against the numerically stron
force?  As always, the answer is: it depends.  But in t
example, at time step 75 depicted in figure 1, the blue fo
has already made it more than half way to the goal al
the path of the first arrow.  And the curved arrow sho
that in succeeding time steps the blue agents will exp
the gap between the two lower red groups and make 
the goal.

Before we proceed to the next example, it should 
emphasized that these examples bear little resemblanc
reality.  The opposing “forces” are simply blue and r
dots from a computer screen.  We may be motivated
reality and our questions concerning maneuver warfare,
this work represents simply some preliminary attempts
begin to take small steps in perhaps getting some sliver
insight into our questions.

Figure 2 again depicts two forces opposing each ot
and again the snapshot is taken at time step 75.  The
force is exactly the same as before.  The only difference
the blue force is that the agents now have some propen
to go after the enemy (again, not as strong as th
propensity to head toward the goal).  This change
propensity results in a mad dash straight for the goal 
much more attrition of red in the process. The figure sho
that the blue force has made more progress toward the 
by time step 75.  And they will, in fact, get to the go
much faster than in the first example.
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Figure 1:  AMY_M Snapshot Taken at TIME Step 75

red

blue

red

Figure 2:  AMY_S Snapshot Taken at Time Step 75
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When comparing the two examples above, the fac
that we are looking at just two simulation runs.  Even
we have, in some sense, distilled the essence of mane
versus attrition questions, we would want to explo
many more runs.  And, in fact, research is ongoing in t
area.  In particular, we have developed this family 
scenarios referred to as an Attrition Maneuver Yardst
(AMY) because it serves as a tool to use in the proces
beginning to understand how we might explore the
questions.  In pursuit of these questions we are apply
our data farming meta-technique described in the th
reference, and millions of AMY runs have already be
performed at the Maui High Performance Comput
Center (MHPCC).  Figures 3 and 4 show fitne
landscapes graphed from subsets of about a qua
million runs each.

Figure 3:  AMY_M  Fitness Landscapes

Figure 4:  AMY_S  Fitness Landscapes

The z-axes in the figures above represent “fitness”
the blue force.  In these cases, fitness is a measure of 
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well the blue force accomplished the mission of getting 
the goal in a timely fashion.  A fitness of 1 represen
blue getting to the goal in the fastest possible time, i
the red force unable to slow the blue force at all.  Fiv
values of a parameter representing the aggressivenes
the red force are shown on the x-axis (the lower the va
the more aggressive the force).  Six values of t
parameter representing the maximum number of blu
that red can engage on each time step are shown on th
axis.  For each of the 5 times 6 = 30 values, the mod
was run 100 times.  The top surface represents 
maximum fitness achieved over these 100 iterations.  T
lower surface represents the mean fitness over the 1
iterations.

Figure 3 shows results from a blue force wit
maneuver behavior as previously illustrated in figure 
and figure 4 shows results from a blue force which ten
to move straight toward the goal as previously illustrate
in figure 2.  These landscapes show that blu
accomplishes the mission much more quickly in th
second case across this parameter space.  But notic
the back left corner of the bottom landscape in figure 
when the aggressiveness and the maximum engagem
number of the red force are both high, the fitness seems
drop off.  Thus, in future runs we may want to expand t
range of these parameters.  We may also want to look
other red parameters and, although we don’t depict the
we actually examined 7 values of red shooting accura
4 values of red clustering, and 3 values of re
communication.  The data visualization tool developed 
MHPCC allows us to look at any combination of thes
parameters.

We have shown examples of two basic blue forc
against a variety of values for the red force.  Thus, anot
area of exploration might be to look at changes in outcom
due to changes in the blue force. Other areas to look
would be finer gradations in the parameters, mo
iterations, or different measures of effectiveness.  T
possibilities are numerous, so we will conclude with a bri
examination of this last idea: a different measure 
effectiveness.

Figures 5 and 6 depict the same parameters on th
and y axes as before, but now fitness is minimizing bl
casualties.  We have tilted the graphs to see the noticea
dip in fitness for the blue force, which plows straight ahea
when red has high aggressiveness and ability to eng
many blues.  The two figures when compared show th
against a red force that is not aggressive, both t
maneuver and attrition dispositions fare well.  And if we g
back to figures 3 and 4, we see that moving straight ahe
gets the job done faster.  However, if the red force is ve
aggressive, the blue force could still take minima
casualties if they were willing to use maneuver and have
longer time to goal.
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Figure 5:  AMY_M Minimizing Casualties Landscape

Figure 6:  AMY_S Minimizing Casualties Landscape

4 CLOSING WORDS

In this brief paper, we can only scratch the surface of 
possibilities even for this simple scenario.  For examp
what if blue wanted to get to the goal and also minimi
red casualties?  The blue force with the propensity to pl
straight ahead shown here had more blue casualties 
inflicted more red casualties than the maneuver force.  
outcomes not shown actually include examples of the ot
possibilities: more blue and less red casualties, less b
and more red, and less blue and less red.  In conclusion
research in this paper/presentation merely shows so
initial explorations where actual answers will ultimate
depend on the distillation of the essence of warfare.
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