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ABSTRACT

War is a human phenomenon and the essence of war is a clash between human
wills [Ref 10]. The Marine Corps is applying complexity theory to study the human
dimension of land warfare with the agent based combat simulation Irreducible Semi-
Autonomous Adaptive Combat (ISAAC), developed by Andrew Ilachinski. ISAAC is
designed to allow the user to explore the evolving patterns of large unit behavior that
result from the collective interactions of individual agents. An urban and a desert
scenario were developed to explore command and control issues with ISAAC. Utilizing
a personal computer and the Maui High Performance Computer Center, approximately
750,000 ISAAC runs were completed. The data are analyzed and graphically displayed
using S-Plus generated Design and Trellis plots. The ISAAC data suggest there is some
optimal balance between a commander’s propensity to move towards the objective and
his propensity to maneuver to avoid the enemy in order to minimize time to mission

_.completion and friendly losses. Also, the data suggest that friction can significantly
influence the battlefield but a strong commander-subordinate bond can reduce the effect.
In addition, this exploration demonstrates that fractional factorial designs provide almost
as much information from ISAAC as full factorial designs with only a fraction of the

runs.
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DISCLAIMER

The reader is cautioned that computer programs developed in this research may
not have been exercised for all cases of interest. While every effort has been made,
within the time available, to ensure that the programs are free of computational and logic
errors, they cannot be considered validated. Any application of these programs without

additional verification is at the risk of the planner.
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EXECUTIVE SUMMARY

War is a human phenomenon and the essence of war is a clash between human
wills [Ref 10]. Because war is a violent enterprise, danger is a fundamental characteristic
of it. The human reaction to danger is fear, which has a significant impact on the conduct
of war. No degree of technological development or scientific calculation will overcome
the human dimension of war [Ref 11].

Marine Corps warfighting doctrine encbmpasses the notion that uncertainty and
fear will always be-present on the battlefield. One can not expect to control that human
dimension of war, but one must understand that it is present and function effectively with
it. Marine Corps doctrine proQides insight into these intangible human dimensions and
incorporates these insights in the development of its leaders. Marine Corps doctrine uses
leadership principles to build an effective command and control system that accepts the
turbulence and uncertainty of war rather than try to controi it.

The Marine Corps is applying complexity theory to study the human dimension of
land warfare with the agent based combat simulation Irreducible Semi-Autonomous
Adaptive Combat (ISAAC), developed by Andrew Ilachinski, of the Center for Naval
Analysis [Ref 7]. ISAAC is designed to allow the user to explore the evolving patterns of
unit behavior that result from the collective interactions of individual agents. By
exploring the affects of changing personalities of leaders and subordinates on the
battlefield, insight can be gained in their ability to influence the action on the battlefield.

An urban and a desert scenario were developed to explore the command and control

Xix




ISAAC. Figure 1 is the urban scenario developed to explore the capabilities of ISAAC to
learn about command and control in an ilrban environment. The desert scenario is similar

in all aspects except the terrain has been removed to simulate a terrain-less environment.

ISAAC ! Version 1.8.6

Figure 1: Urban scenario developed in ISAAC. Three squads of 13 blue
forces each with a local commander are up against 200 loosely organized
red forces. The blue forces are maneuvering through the urban
environment to reach the red goal (upper right hand corner).

This scenario provides an opportunity to explore the Marine Corps current vision

of combat and the human elements incorporated in a command and control structure in an

urban environment. Red and blue dots represent the opposing forces. The red forces are

XX




greater in number, less technologically advanced, and have a loosely organized command
and control structure. The red forces use personalities that are held constant throughout
all the runs. The blue forces are smaller in number, technologically more advanced, and
have a very structured command and control system. The blue forces are divided into
three squads, each with a local commander (LC). The blue force LC personality traits
and subordinate personality traits are varied in conjunction with the parameters of the
command and control structure in ISAAC.

Approximately 4000 preliminary runs were completed interactively to explore
many of the parameters in ISAAC. The preliminary runs served three purposes: (1) they
provided an intuitive feel for the fundamental workings of ISAAC, (2) they presented
areas of interest for further exploration, and (3) they collected data on measures of
effgctiveness unobtainable at the Maui High Performance Computer Center (MHPCC).
Four areas of interest were determined for exploration using the MHPCC. The parameter
sets are: (1) the local commander’s command area, (2) the local commander’s
personality weights, (3) the blue subordinate’s personality weights and (4) a mixed
parameter set that consisted of a combination of interesting personality weights and
SEnsor range parameters.

A five factor three level full factorial design and a 1/3 fractional factorial design
were developed and incorporated at MHPCC. Each of the parameter sets was run with
the urban and desert scenan'o for a combined 750,000 runs, including 100 replications per

factor combination. The data were analyzed utilizing the S-Plus statistical software
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package and graphically displayed using S-Plus generated Trellis plots. The Trellis plots
provide a visual means to study the complex interactions amon g the many variables.

The analysis focuses on determining which ISAAC parameters si gnificantly
influence the battlefield and which parameters do not. The urban and desert scenario
results are compared to determine if the significant parameters are globally significant or
scenario dependent. The fractional factorial designs were developed to provide a means
of reducing the number of required ISAAC runs while still retaining the relevant
information obtained from the full factorial designs. This result would allow future
researchers to explore more factors simultaneously while still maintaining a manageable
data set.

The LC’s propensities to move toward alive blues, away from alive reds, and
toward the red goal are significant in both scenarios. Losses are reduced for a LC with
the following characteristics: (1) a strong propensity to move toward friendlies and move
away from the enemy, and (2) assigns the mission of reaching the objective a relative
degree of importance without letting the objective dominate his actions. This type of
movement propensity directly relates to the concept of maneuver warfare.

The influence of the injured red forces is more scenario dependent. In the urban
environment, the injured red forces influence the number of losses of the blue forces. It \
is still important for the LC to have a movement propensity to avoid them. In the desert
scenario, the influence of the injured reds is far less. The blues can maneuver to avoid
engagements and the limited ability of the injured reds in the open battlefield does not

allow them to maintain a rate of advance with the blues. This type of information can

xxii




influence the decision process of the LC. An area of open terrain with nb obstacles might
allow the LC to give less importance to the enemy injured than he would in the urban
environment. It might prompt the LC to weigh more some other aspect of the battle in
his decision.

Friction, that intangible element that is always present in stressful combat
environments, influences the battlefield in both scenarios. Higher friction levels have a
strong relationship to more blue losses. However, the interesting insight in ISAAC is that
certain personality propensities interact to reduce the effect of friction. Particularly, in
the desert scenario, the interaction of bond and friction was prominent. Bond is the
degree of importance a subordinate places on staying close to local commander. When
the friction level was high, a moderate to high level of bond seemed to reduce the effects
on losses. A low bond level and a high friction level reflected increased losses in the
battlefield. In both scenarios, a LC commander, first and foremost, needed a propensity
to move away from the enemy. This willingness to maneuver, with a proportional
propensity to move toward the red goal, minimized blue losses. In an open battlefield, a
strong bond with the unit reduced losses.

The aim of command and control is not to increase our capacity to
perform command and control. It is not more command and control that we are after.
Instead, we seek to decrease the amount of command and control that we need [Ref 10].
How best to do so remains an open question. The results here and in other MCCDC
studies provide some initial insights. The methods studied here should facilitate finding

more.
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I. INTRODUCTION

“The occurrences of war will not unfold like clockwork. Thus, we can not
hope to impose precise, positive control over events. The best we can
hope for is to impose a general framework of order on the disorder, to
prescribe the general flow of action rather than try to control each event.”

Warfighting, FMFM-1

War is a human phenomenon and the essence of war is a clash between human
wills [Ref 10]. Because war is a violent enterprise, danger is a fundamental characteristic
of war. The human reaction to danger is fear, which has a significant impact on the
conduct of war. No degree of technological development or scientific calculation will
overcome the human dimension of war [Ref 11].

Marine Corps warfighting doctrine encompasses the notion that uncertainty and
fear will always be present on the battlefield. One can not expect to control that human
dimension of war, but one must understand that it is present and function effectively with
it. Marine Corps doctrine provides insight into these intangible human dimensions and
incorporates these insights in the development of its leaders. Marine Corps doctrine uses
leadership principles to build an effective command and control system that accepts the
turbulence and uncertainty of war rather than try and control it.

This thesis utilizes the agent based simulation Irreducible Semi-Autonomous
Adaptive Combat, or ISAAC, to explore parameters associated with the human elements

of the command and control in an urban combat scenario [Ref 7]. ISAAC is explored




using advanced statistical designs and the data is displayed in multi-dimensional Trellis
plots and Design plots. During some preliminary simulation runs, regions of the
parameter space that were sensitive to change were determined. These regions were
further explored to gain an understanding of how the human elements of combat fit
together within ISAAC. This may allow the development of ways to exploit these
sensitive regions in combat [Ref 7].

“An effective command and control system must account for the characteristics .
and limits of human nature and at the same time exploit and enhance uniquely human
skills” [Ref 11]. The human element is difficult to study both qualitatively and
quantitatively through simulation. Command and control systems are basically
comprised of two elements. The first element is people and the second element is
informati(;m. It is important to remember that the aim of command and control is not to
lessen the role of people but to help them perform better [Ref 11]. It would be a mistake
to believe that technology will solve all the problems of command and control. An
understanding of the human element or dimension of command and control is essential to
its effectiveness.

One of the human elements that directly influence the effectiveness of a command
and control system is the personality of those involved. fhe personalities of the leader
and of those led directly affect the effectiveness of a combat unit. There is an inseparable
relationship between the leader and the led. “Leaders must have a strong sense of the
great responsibility of their office; the resources they will expend in war are human lives”

[Ref 12]. Individual personality dictates the different reactions to the stress of war. An




understanding of the effects of differing personalities on mission objectives, particularly
through the use of current standard military modeling tools, is a difficult task.

War is a system composed of semi-autonomous and hierarchically organized
agents that are continuously adapting to changing environments [Ref 9]. War has all the
key features of complex adaptive systems. War has combat forces that are composed of
large numbers of nonlinearly interacting parts and are organized in a command and
control hierarchy. There is local action, which often appears disordered, but brings about
long range order. The combatants, in order to survive, must continually adapt to changing
situations. Also, there is no one voice that dictates the actions of each and every
combatant [Ref 7]. Since many of the key features of complex systems exist in warfare,
there may be some link between complex systems and combat. Exploring this link can
provide further insight into modeling the human dimension of warfare.

The Marine Corps has undertaken the study of war as a complex adaptive system
'in an attempt to learn more about the uniquely human qualities that affect combat
situations. The Marine Corps has suggested that perhaps an application of complexity
theory to land warfare includes providing an agent based simulation of combat. The
agent based simulation is formulated on the concept that global behavior of a complex
system originates largely from low level interactions among its primitive agents [Ref 7].
The fundamental question that arises from the study of war as a complex adaptive
systems is this: can an agent based simulation be- used to represent real world systems
composed of individuals that have a large space of complex behaviors to choose from?

ISAAC was designed to explore this question.




The Marine Corps has done some preliminary research using ISAAC [Ref 6,8].

Such works include:

Homne, Gary E. “Maneuver Warfare Distillations: Essence not Verisimilitude.”
[Ref 6].

Horne, Gary. & Captain Mary Leonardi. “Trust on the BattleField.” [Ref 8]

Horne, Gary., Capt Bates and Capt. Bargeron. “Quantitative Support to Decision
Makers using Agent Based Modeling of Conflicts.”

The ﬁrst work [Ref 6] uses a scenario called AMY_S. This scenario is designed
to gain insight into maneuver vs. attrition warfare. By increasing a unit’s propensity to
move away from an enemy, the agent’s tactics took on the appearance of a maneuver type
tactic vice an attrition type tactic. Varying the propensity to attract or repel the enemy
yielded different results. A unit that tended to repel or move away from the enemy
tended to have fewer casualties. Dr. Horne’s scenario was designed as a tool to use in the
process of beginning to understand how these results occurred. In Dr. Horne’s scenario,
creating a maneuver style of warfare resulted fewer casualties.

ISAAC was used in the remaining two studies to explore the effects of trust on the
battlefield. The notion of trust was explored using the communication capabilities of
ISAAC. Communication allows agents to pass on sensor information to similar agents
and to weight the use of that information in the agent’s movement propensity. The
communication was utilized as a form of trust and describes the faith and confidence one
agent has in the information provided by another.

Two scenarios known as EIPP and UPTON were explored in the studies utilizing

the communication ranges and weights. The scenarios differed in terrain and number of




combatants. The mission success in both scenarios varied with respect fo the
communication levels appearing in the scenarios. The number of friendly forces killed
decreased as the communication range and weight increased. However, a level was
reached where the number of friendlies killed increased with further increases in the
communication level. A very nonlinear, even nonmonotonic, relationship existed. The
nonlinear relationship generated new areas of interest and further studies into the notion
of trust on the battlefield.

These earlier works stress the purpose of ISAAC as a tool to explore scenarios.
The outcomes hopefully generate new questions, fuel further research work, and assist in
gaining some new understanding of the human element of combat.

The underlying dynamics of the model ISAAC are patterned after mobile cellular
automata rules. ISAAC consists of a discrete heterogeneous set of individual agents that
move through a lattice and can carry information as they go [Ref 7]. Each of the agents
has its own characteristic properties and rules of behavior. The ISAAC agent is the most
basic element of ISAAC and represents a primitive combat unit. Each agent is equipped
with the following characteristics [Ref 7]:

Doctrine: a default local rule set specifying behavior in a generic environment.

Mission: goals directing behavior.

Situational Awareness: sensors generating an internal map of the environment.

Adaptability: an internal mechanism to alter behavior and /or rules.

With the above characteristics defined by the users, the scenarios can be run using an
initial random or specified placement of forces.

ISAAC is designed to allow the user to explore the evolving patterns of large unit

behavior that result from the collective interactions of individual agents [Ref 9]. By




exploring the affects of changing personalities of leaders and subordinates on the

battlefield, insight can be gained in their ability to influence the action on the battlefield.

ISAAC provides an arena in which to explore the consequences of various essential
characteristics of combat. This thesis uses ISAAC to explore commander/subordinate
personalities and goals within a command and control structure in an urban scenario.

In this thesis, Chapter 2 gives the background motivation and the scope of this
thesis. Chapter 3 gives a detailed description of the ISAAC parameters. Chapter 4
explains the analysis methodology used to explore the ISAAC data. Chapter 5 explains
the results of the analysis. Chapter 6 uses the ISAAC results to examine four
fundamental command and control questions. Chapter 7 provides a list of

recommendations for MCCDC for improvements in the analysis and development of

ISAAC.




II. BACKGROUND

In 1914, F. W. Lanchester introduced a set of coupled ordinary differential
equations, now known as Lanchester equations, as models of attrition in modern warfare
[Ref 3]. The Lanchester equations are the fundamental mathematical models upon which
most modern theories of combat attrition are based. However, the basic Lanchester
equations are applicable only when certain assumptions are made and therefore have
certain limitations. These assumptions, for the basic Lanchester model, include having
large homogeneous forces continually engaged in combat. Also, in the Lanchester square
law equations, units are always aware of the position and condition of all opposing units
[Ref 3]. Additional assumptions of the Lanchester equations include modeling combat as
a deterministic process, and requiring knowledge of the “attrition-rate coefficients” [Ref
3]. Lanchester equations have provided a strong foundation for models when these
assumptions and their limitations are understood. However, Lanchester equations have a
drawback for they do not effectively incorporate the human factor in combat. For this
reason they are not sufficient for exploring the human dimension of warfare.

A. HISTORICAL STUDIES USING LANCHESTER EQUATIONS

Several historical studies have been completed to fit campaign data using
Lanchester equations. Three studies of interest, in which historical data was present,
include the Ardennes campaign by Jerome Bracken, the Inchon-Seoul campaign by Dean

S. Hartley and Robert L. Helmbold, and the Iwo Jima campaign by J. H. Engel. The




Ardennes campaign research results were thought to be the most successful at fitting data
using Lanchester linear law equations. Although initially successful, the Ardennes
campaign provided only one data point from which to assess the validity of the
Lanchester equations [Ref 1]. Ronald D. Fricker soon after refuted Bracken’s Ardennes
findings using liner regression and data from the entire campaign with the addition of air
sortie data [Ref 15]. In contrast to Bracken’s previous results, Fricker concluded that
neither Lanchester linear nor Lanchester square laws fit the data [Ref 15].

In the Inchon-Seoul campaign, Dean Hartley felt that the Lanchester equation
components were ineffective. Hartley voiced his suspicion that, “the Lanchestarian laws
do not describe actual combat.” Hartley further explained that, in his view, “the data
examined are insufficient for any strong conclusions” [Ref 1]. In Engel’s study of the
Iwo Jima campaign, he was successful in fitting the data to the Lanchester square law
equations. However, the fit could not be fully validated since the data could also fit with
other Lanchester equations. These results still leave many concerns regarding the
applicability of Lanchester equations to model actual combat. Bracken concludes, “two-
sided time histories of warfare on battles and campaigns are very rare, so Lanchester
models have not been validated with historical data” [Ref 1].

By historical standards, the modern battlefield is particularly disorderly. In the
past, linear formations and linear fronts described the battlefield. Today’s battlefield can
not be thought of in linear terms. Technological improvements in mobility, range,
lethality and information gathering continue to cbmpress time and space, forcing higher

operating tempos and creating a greater demand for effective command and control [Ref




11]. The Lanchester equations do not sufficiently meet the needs for assessing the
advanced warfighting concepts being explored by the Marine Corps. The current Marine
Corps vision of combat is small, highly trained, well-armed autonomous teams working

together, which continually adapt to changing conditions and environments in a complex

battlefield [Ref 10].

B. PURPOSE AND RATIONALE

“So a military force has no constant formation, water has no constant
shape: the ability to gain victory by changing and adapting according to
the opponent is called genius.”

The Art of War, Sun Tzu

The purpose of this study is to use ISAAC as an exploratory tool with which to
explore and examine the developing behaviors arising from various interaction rules
between commanders and subordinates. ISAAC’s command and control options allow
for the presence of local commanders (LCs) and for the representation of their ability to‘
influence the action on the battlefield. The study investigates the effect of varying the
personality traits of the LC and the subordinates, varying the LC’s information level,
varying the LC’s bond with the subordinates, and varying the friction level of combat.
The emphasis is on the command and control aspects of ISAAC and using ISAAC to
explore the following four questions: |

1. Tradeoffs exist between centralized and decentralized command and control in
an urban environment. Is a centralized or decentralized command and control structure

more conducive to the attainment of mission objectives?




2. When exploring the consequences of leadership personalities, what effect does
varying the LC’s or subordinates personalities have on the attainment of mission
objectives? .

3. When suggesting the likelihood of possible outcomes as a function of initial
conditions, do the same significant parameters apply globally or are they scenario
dependent?

4. When exploring the phenomena known as friction created by the “fog of wér”,
how does a commander’s personality affect the attainment of mission objectives when the
friction between the commander and subordinates is varied?

It is important to understand that ISAAC is a tool that aids in the exploration of
these questions. At this time, the Marine Corps considers the use of ISAAC to be a
means of hypothesis generation for patterns of behavior that are unexpected. Although
the link between ISAAC as a simulation and the behavior of the agents to the real world
is being explored, no doctrinal changes are occurring based on ISAAC’s results.

C. URBAN SCENARIO

Initially, I established a gcenario that was motivated by a real life mission. I
developed an urban scenario that was motivated by my experiences in Somalia. In early
1995, I was part of the 11™ Marine Expeditionary Unit (MEU) that was involved in the
withdrawal of NATO forces from Somalia. During the actual mission Marines were
inserted into an urban environment while NATO forces were withdrawn from the area.
At the conclusion of the NATO withdrawal the Marines were required to maneuver

through the urban environment to an extraction point.
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~ This scenario provides an opportunity to explore the Marine Corps current vision

of combat and the human elements incorporated in a command and control structure in an
urban environment. According to Lt. Gen. John E. Rhodes, “... that battle will take place
in an environment we call the Three-Block War, Marines will be called upon to provide
humanitarian assistance, separate groups of would-be combatants and engage in lethal,
high intensity urban combat - all in three city blocks” [Ref 16]. In ISAAC, the urban
scenario is similar to Somalia. Red and blue dots represent the opposing forces. The red
forces are greater in number, less technologically advanced, and have a loosely organized
command and con&ol structure. The red forces use specified personalities that are held
constant. The blue forces are smaller in number, technologically more advanced, and
have a very structured command and control system. The blue forces are divided into
three squads, each with a LC. The blue force LC personality traits and subordinate
personality traits are varied in conjunction with the parameters of the command and
control structure in ISAAC.

The scenario was run with varied initial random placement of the ISAAC agents.
The time to mission completion and the number of blue agents killed were collected as
data. The regions that deyeloped interesting patterns were further explored to gain
insight into the different LC personalities as applied to command and control on the
battlefield and its affect on mission attainment.

D. THESIS SCOPE

ISAAC has approximately 48 parameters. To explore the effects of varying 48

parameters would be an overwhelming task. For example, a three level full factorial
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design requires 3*® = 7.98 x 10% runs to obtain one data i)oiht for each of the possible
combinations. This number far exceeds the capabilities of all of today’s computers. It
also exceeds the analysis abilities of most analysts to comprehend. Even relatively
simple models, such as ISAAC, contain too many parameters to run all possible
combinations. Therefore to identify the prevalent indicators of LC personalities in the
command and control structure, advance design of experiments were used, such as
fractional factorial designs, that allow the efficient exploration of higher dimensions of a
model space [Ref 2]. The Maui High Performance Computer Center (MHPCC) was
made available to perform the multiple runs necessary for each parameter combination.

This allows analysis on the main effects and the complex interactions that occur between

them.
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III. MODEL DESCRIPTION

A. MODEL OVERVIEW

This chapter explains the design philosophy of ISAAC, which includes the
general penalty movement formula of the agents and describes the parameters in ISAAC.
The input file for the urban scenario is given in Appendix A. It was developed and used
as a base case for the statistical runs. Appendix A can be used as a reference guide as the

model parameters are described.

B. ISAAC DESIGN PHILOSOPHY
1. ISAAC Overview

The battlefield in ISAAC is represented on a two-dimensional lattice of discrete
sites [Ref 6]. Each site of the lattice may be occupied by one of two kinds of agents: red
or blue. The initial state consists of either user-specified formations of red and blue
agents or a random distribution of red or blue agents. Red and blue flags that represent
goals have a user-specified position. A typical goal for both red and blue agents is to
successfully reach the flag positioned in the diagonally opposite corner. ISAAC also has
the capability of defining notional terrain [Ref 6].

2. ISAAC’s Intended Use

ISAAC is not intended as a full system level model of combat but as a conceptual
playground in which to explore high-level emergent behaviors arising from various low-
level interaction rules [Ref 7]. The fundamental principle in ISAAC is not to model a

specific piece of hardware but to provide an understanding of the behavioral tradeoffs
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involved among a large number of variables [Ref 7]. ISAAC allows the. user to explore
multiple scenarios with the idea of discovering and exploring the interesting emergent
properties that develop from the low-level interaction rules established by the user.

3. ISAAC’s Guiding Principles

ISAAC’s design philosophy is based on two guiding principles: (1) keep all
components and rules as simple as possible and (2) treat decisions as personality driven
movement propensities [Ref 7]. The first principle refers to the effort to adhere to a
relatively small set of basic combat and movement rules and to try and give the user an
intuitive understanding of these rules. Therefore, the user can develop scenarios based on
actual occurrences and explore the possible emergent behaviors that occur to gain further
insight into battlefield developments.

The second principle is based on the fact that all decisions in ISAAC are
personality driven decisions [Ref 7]. These decisions are based on a personality, which is
developed randomly or by the user. The personality type attaches a degree of importance
to each factor relevant to making a particular movement decision [Ref 7]. The guiding
rules for each agent follow these three basic questions:

1. What are my immediate and/or long-term goals?

2. What do I currently sense in my environment?

3. How can I use what I currently know of my environment to attain my goals?
To simplify further, an individual agent cares only about moving toward or away from all
other agents and his own and the enemy’s flag [Ref 7]. The movement decision is based

on the weights given to a particular movement propensity of the agent.
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4. The Basic ISAACA

Each individual agent, called an ISAACA, exists in one of three states: alive,
injured or dead [Ref 7]. Injured ISAACAs can have different personalities then when
they are alive but this isnot a requirement. This is a user-defined option based on the
scenario developed and the behavior explored by the user. When an ISAACA transitions
from alive to injured, the agent incurs some penalties on its combat abilities. In the
injured state, the range at which an ISAACA can shoot an enemy is equal to one-half of
the range in the alive state [Ref 7]. In the injured state, the ISAACA’s movement range
is reduced to the minimum possible range of one [Ref 7].

There are five ranges that are asséciated with each ISAACA:

1. sensor range

2. firerange

3. threshold range

4. movement range

5. communications range
These ranges are what the individual ISAACA uses to sense and gather local information
[Ref 7]. The ISAACA personality determines how the ISAACA will respond to its local
environment. Therefore, it is essential to have an understanding of these different ranges
and how they relate to the ISAACA movement penalty formula, discussed in the
following section.

The sensor range defines the maximum range at which the ISAACA can sense

other ISAACAs [Ref 7]. The sensor range defines a boxed area around the ISAACA.
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The sensor range can be a minimum of zero, meaning the ISAACA senses nothing, or it
can be a maximum of the battlefield size.

The firing range defines a boxed area surrounding an ISAACA within which the
ISAACA can engage enemy ISAACAs in combat [Ref 7]. Combat adjudication is very
straightforward in ISAAC. Each ISAACA is given an opportunity to fire at any enemy
that is within that ISAACA’s firing range. The probability of hitting the engaged
ISAACA is user-specified and is further discussed in a later section.

The threshold range defines a boxed area surrounding an ISAACA in which the
ISAACA computes the number of friendly and enemy ISAACASs detected in the boxed
area. The number of friendly and enemy ISAACAs detected plays a role in determining
what move to make at a given time step [Ref 7]. The threshold range differs from the
sensor range because the threshold range becomes a factor in determining when a user-
defined set of social behavioral constraints will be activated. These social constraints are
discussed in more detail in the following sections.

The movement range defines a boxed area surrbunding an ISAACA that defines a
region on the battlefield from which a possible move can be selected on a given time step
[Ref 7]. In this version of ISAAC, the movement options are 0, 1, or 2. Movement
options will be discussed in more detail in the following section.

The communication range defines a boxed area surrounding an ISAACA such
that any friendly ISAACA within communication range of the centrally located ISAACA

communicates the information content of its local sensor field [Ref 7]. If the
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communication option is enabled, each ISAACA can extend its sensor range by

communicating with the other friendly ISAACAs within its communication range.

C. ISAACA MOVE SELECTION
At its movement time, each ISAACA can choose to move from its current
position to any of the sites that are within the user defined movement range. The

ISAACA can also remain in its current position, see the figure below.

. rM——-l
D l’M=2

Figure 2: Set of possible ISAACA moves from its current (x,y) position. The

inner shaded area depicts possible moves with a movement range (ry) of

one. The white area depicts the additional possible moves with a
movement range is two.

Each site or location on the battlefield may be occupied by, at most, one ISAACA

[Ref 7]. The ISAACA’s personality weights are used to rank each possible move

according to a penalty function. The penalty function measures the total distance that the

ISAACA will be from other ISAACAs and from it’s own and enemy flag [Ref 7]. The
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ISAACA moves to the position that incurs the least penalty or the move that best satisfies

the ISAACA’s personality driven propensity [Ref 7]. The movement penalty function:
Z(X,Y) = W1 5™ rea N alive red. Soative red: dli;(x,y)] + 6))
W25 biue N\ ative blue Zative blue; i d[13(X,y)] +
W3 5™ e N itiured red. Tinjuredred:i A[13(%,y)] +
Wy Sb-]blue N injured biue Sinjured biuesi A[1;(%,y)] +
Ws dnew [red flag; (x,y)] / dow [red flag; (x,y)] +

W Gnew [blue flag; (x,y)] / doig [blue flag; (x,y)]

where: w;i’s = the components of the personality weights,
Sred = (2)1/ 2 Tred, T€d scale factor based on red movement range Ired,
Sblue = (2)” 2 Thiue, DIUE scale factor based on blue movement range Ipye,

d[i;(x,y)] = the distance between the i™ element of a given sum and the
ISAACA positioned at (x,y),

N; is the total number of elements within the given sensor range,

drew = the distance computed using the given agents new
(possible) move position,

doi¢ = the distances computed using the given agents old 1
(current) position, !

2ativered;i d[13(X,y)] = the sum of the distances from the position (x,y) to
all red alive ISAACA’s located within the sensor
range box of position (x,y) [Ref 7].

The penalty is computed for each of the possible moves and the actual move is the

one that incurs the least penalty. If a tie occurs in the penalty caléulation, ISAAC
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randomly selects the actual move from among the candidate moves making up the tie set
[Ref 7]. An example of this calculation is depicted in Figure 3. Here the movement
range is one and the next move is determined by minimizing the penalty that will be
incurred by selecting each of the nine nearest neighboring sites. Since there are no

injured red or blue agents w3 and w4 equal zero.

Figure 3: Sample penalty calculation. The given ISAACA (center) is
calculating the movement penalty function from the possible movement
location to the right of its current position.

The penalty function for Figure 3 is given explicitly by:
Z(x,y) = W1 8" rea (1/3) [Da + Dy, + Dc ]+ )
W2 5 T biue (1/2) [Da + Dp ] +Ws (Drogoat / Dregoat) +

We (D5.-goat / D%B.goat)
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where: DRr-goal énd DOR_ oal are the distances from (x’,y’) to the red goal,
g g

Dp_goat and DOB-goal are the distances from (x°,y’) to the blué
goal,

D,, Dy, and D, are the distances from (x’,y’) to blue occupied sites,
D, and Dg are distances from (x°,y”) to red occupied sites,
Sred = (2)” 2 ted, Ted scale factor based on red movement range Ireq,

Sblue = (2)1/ 2 Ive, blue scale factor based on blue movement range Toie,

D. . GENERAL BATTLE PARAMETERS

ISAAC consists of approximately 48 parameters that the user can vary. This
section gives a general description of those parameters. The intent is to give the reader a
sense or intuitive feel for the parameters. This will aid in the understanding of the
parameters chosen for the analysis in this thesis.

Battlefield size (Battle_size) defines the length of one of the sides of the two-
dimensional square lattice on which the run is to be made. The user can specify any
integer number between 10 and 150 [Ref 7]. The urban scenario uses a 100 for battle size
for a 100 x 100 battlefield. This was held constant throughout the analysis.

Initial ISAACA distribution flags (/nit_dist_flag) can take one of three integer
values: 1, 2, or 3. These parameters allow for the initial spatial distribution of the red and
blue ISAACAs. A value of one means the user defines the initial red and blue ISAACA
distribution on the battlefield. If a value of two is used, the red and blue ISAACAs
initially consist of random formations near the lower-left and upper-right corners of the

battlefield. If a value of three is used, the red and blue ISAACAs are initially randomly

20




_placed within a square box at the center of the battlefield [Ref 7]. The urban scenario,

see Figure 4, used a value of one for the initial distribution.

ISAAC ! Version 1.8.6

Figure 4: Urban scenario developed for use with ISAAC. The blocks
represent terrain or buildings. The blue agents are attempting to
maneuver to the red flag in the upper right corner. This urban scenario
is also being utilized for further research in command and control aspects
by the Swedish military.

Start location, R_box_(l,w) and B_box(l,w) define the length and width of the box

or area containing the initial distribution of red or blue ISAACA’s for each of up to ten

squads [Ref 7]. The urban scenario consists of three blue squads with thirteen blue
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ISAACAS each and one red squad with two hundred red ISAACAs. Thé box for the blue
ISAACAEs is in the lower left corner and the box for the red ISAACAs is the battlefield
itself. Centering battlefield coordinates, Red_cen_(x,y) and B_cen_(x,y), provide the
coordinates for the center of the box containing the distribution of red ISAACAs and blue
ISAACAs for each of the squads [Ref 7].

Flag location, B_flag(x,y) and R_flag(x,y), provides the user defined location of
the red and blue flags or goals [Ref 7]. For the purposes of the urban scenario, the flags
are in the upper right corner for the red flag and the lower left corner for the blue flag. In
this scenario, the red ISAACAs are not advancing towards the blue flag since the red
objective is not to reach the blue goal but to destroy the blue ISAACAs. The blue
ISAACAs advance toward the red flag to simulate traversing through an urban
environment to reach an extraction point.

The Termination parameter specifies the termination condition that will be used -
during the run of the scenario. If a one is used, the run is terminated whenever any
ISAACA reaches the opposing flag for the first time. If a value of two is used, the run
continues until terminated by the user [Ref 7]. On a personal computer, the termination
setting of two allowed the simulation to be terminated by the user when all three squads
reached the red flag. However, at the Maui High Performance Computer Center
(MHPCC), it was necessary to submit a specific étop time. Using approximately 4000
preliminary runs on a personal computer, simulation termination times were determined
for each set of parameters that were explored. The stop times were then submitted with

simulation run specifications to MHPCC.
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Move_order is a parameter that allows two ways for individual ISAACA moves

to occur. If using a value one, at the start of each run a random ordered list of red and
blue ISAACAEs is set up prior to the start of the movement. During all subsequent passes,
ISAACA moves are then determined by sequencing through this list of fixed order. If
using a value of two, each time the list starts the sequencing occurs in a random order
[Ref 7]. The urban scenario uses a value of two for the move order. The actual
movement decision formulation in ISAAC will be explained in more detail in the
following sections.

Combat_flag is a parameter that specifies the maximum number of engagements
between enemy ISAACAs that can occur. If a value of zero is used, there is no limit to
the maximum number of possible simultaneous engagements. This means that all enemy
ISAACAS within a given ISAACA’s firing range will be automatically targeted for
engagement. If a value of one is used then each side will be able to simultaneously target
a user-specified maximum number of enemy ISAACAs per sequence [Ref 7]. These
maximums are set in the maximum engagement number (R_maxeng_num and
B max_eng_num) parameter settings at the end of the input scenario. In the urban
scenario, these parameters were constant: two for the red ISAACAs and six for the blue
ISAACAs. This difference simulated the different technological capabilities in the two
opposing forces. A more technologically advanced combat unit would be able to engage
more targets.

Terrain_flag controls the use of terrain and takes either a value of zero for off or

a value of one if enabling the terrain option [Ref 7]. The urban scenario has terrain and
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therefore the software flag is enabled. The terrain is designed to simulaté a basic urban
environment. The terrain was not varied in the multiple runs of this scenario. ISAAC
has a Line of Sight (LOS) software flag that can be used in conjunction with the terrain.
If LOS is enabled, set to one, the ISAACAS can sense through terrain. The urban
scenario used the default setting of zero, thus ISAACAs were not capable of sénsing
through terrain. This option was not explored in this scenario but could be interesting in
follow on research.

E. OTHER NON-ACTIVATED ISAAC PARAMETERS

ISAAC has several parameters that deal with fratricide and the probability that an
ISAACA will hit one of its own when engaging an enemy. ISAAC also has parameters
to allow for the reconstitution of killed ISAACAs after a user-defined time period. This
allows for the equivalent of unit reinforcements to occur. Although more than worthy of
exploration, these parameters exceed the scope of this thesis and therefore were not used .
in the development of this scenario.

The input format also indicates a set of statistic parameters built into ISAAC. The
statistic parameters were utilized by MHPCC in their development of a core engine
statistics package. For this thesis, the scenario data input file was sent to MHPCC. The
statistics core engine developed by MHPCC was used to gather the appropriate statistics,
which will be discussed in the analysis methodology section. The results were sent from
MHPCC for analysis using the S-Plus statistics package. Therefore these software flags

were not activated.
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F. COMMAND PARAMETERS
1. Global Command Parameters

ISAAC was developed with the vision of having a command structure with
multiple levels. Within this structure, a global commander could influence and impact
the decisions made by a LC on his subordinates. ‘At this tiine, the global command
parameters are not incorporated into ISAAC. The software shell has been created but the
logic structure has not been developed. Therefore, the global command parameters are
listed in the input scenario text file, but they do not have an impact in the current version
of ISAAC. At present ISAAC only has one command level; the LC and his subordinates.
This command level was used in the development of the urban scenario.

2. Local Command Parameters

The local command parameters of the input data file consist of flags and variables
defining the local command personality. The following description is explained for the
blue forces since it is applicable to the urban scenario. However, if the red forces were to
have a LC, the same flags and variables could be utilized. In the urban scenario, the red
forces are assumed to be unorganized.

The blue LC flag (Blue_local_flag) is a software flag that indicates whether the
local commander options will be used in ISAAC. When enabled or set to one, the
remainder of the LC variables and flags become activated. The number of blue
commander’s parameter (num_BLUE_cmdrs) is related directly to this software flag.
This defines the number of blue LCs [Ref 7]. The maximum number of LCs is ten and

the entries following each LC refers to that particular LC. Each LC can have an unique
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set of personality parameters. In the urban scenario, the three LCs are given the same
personality wei ghfs and constraints. ISAAC is not capable of recording the results with
respect to the different personality parameters for each individual commander. Therefore
the LC personalities remain constant to gain an insight into the collective behavior of the
group.

The variable patch type (B_patch_typ,) describes a LC’s command area. This will
be explained in further detail in a later section. The command area may be partitioned
into 3x3 or 5X5 blocks of smaller blocks [Ref 7]. These blocks become areas where the
LC makes movement calculations to determine whe;'e the subordinates will be directed to
move. A parameter of one indicates a 3x3 block and a parameter of two indicates a 5x5
block.

The patch flag (B_patch_flag) is a flag that regulates how a LC breaks a tie
between two or more of the sub-blocks that will incur the same movement penalty
calculation. Ifthe patch flag is set to one, the LC chooses a random sub-block out of this
same penalty set. If the patch flag is two, the sub-block that is chosen is the one nearest
the sub-block that was previously chosen [Ref 7]. In this scenario, the patch flag is set to
two. The number of subordinates for each LC is specified by the parameter B_undr_cmd.

Command radius (B_cmnd_rad) defines the radius of one of the sub-blocks that a
LC’s command area is subdivided [Ref 7]. The radius of a command area is determined
by the formula (2r+1). Therefore a patch flag of one and a radius of one make a

command area of 3(2r+1) x 3(2r+1) = 9x9 sub-blocks.
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LC sensor range (B_SENSOR_rng) defines the blue LC’s sensor range [Ref 7].
This is the range at which the LC can detect other ISAACAs. This LC sensor range can
be different from that of the subordinate ISAACA sensor range.

3. Local Commander Personality Weights

ISAAC has six personality weights that can be assigned to individual ISAACAs.
This means that both LCs and subordinate ISAACAs are assigned personalities. The
personality weights of the LC can be different from that of the subordinate ISAACA, and
the personality of a squad of ISAACASs can be different from that of other squads.
However, the ISAACAS of the same squad all have the same personality weights. The
six personality weights can be applied to the movement propensity of ISAACAs in their
alive and injured states. These six personality weights are normalized with each other
and then used in the movement calculations to determine an individual ISAACA’s
propensity to move toward or away from a neighboring ISAACA [Ref 7]. This
movement penalty calculation, based on personality weights, was discussed previously in
the ISAACA movement section.

The personality weights wl and w2 (wl:alive_B and w2:alive_R,) define an
ISAACA’s relative weight afforded to moving toward an alivé blue and an alive red
ISAACA. The weight w3 and w4 (w3:injrd_B and w4:injrd_R) define the relative weight
afforded to moving toward an injured blue and an injured red ISAACA. The last two
weights,w5 and w6 (w5:B_goal and w6:R_goal) represent the weight afforded to moving
toward the blue goal and the red goal by that ISAACA. These weighted numbers can be

any positive or negative number and are normalized with the other personality weights
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[Ref 7]. A negative weight is associated with an ISAACA’s propensity to move away
from that corresponding ISAACA or flag, and a positive weight reflects an ISAACA’s
propensity of moving toward a corresponding ISAACA or flag. In the urban scenario,
these personality weights are varied to examine the effect on mission objectives.

4. Social Constraints

For the LC, there are three social constraints that can be assigned. When a
movement sequence occurs for a LC, the threshold range is utilized to determine if the
social constraints will be applied to the overall movement penalty calculation. These
three constraints are termed social constraints since they directly reflect an ISAACA’s
behavior in the presence of other friendly and enemy ISAACAs within the user-defined
threshold range. When activated, the social constraints effect the implementation of the
six personality weights discussed earlier.

Advance threshold number (ADVANCE_num) defines the minimum number of
friendly ISAACASs that must be within the threshold range for the LC to continue moving
toward the enemy flag [Ref 7]. If this number is zero, this social constraint is not enabled ‘
and the social constraint is not applied. If this number is nonzero and the number of 1
friendly ISAACAs is less than the assigned advance number, the personality weight w6 |
assigned to the enemy goal becomes —w6. If the number of friendly ISAACAs within the
threshold range is greater then the advance number, the ori ginal user set w6 personality
weight is used.

Cluster threshold number(_ CLUSTER_num) defines the LC’s friendly minimum

level. Ifthe LC senses a greater number of friendly forces located within the threshold
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rar‘lge,vit will temporarily set its personality weight for moving toward friendly
ISAACA’s (wl and w3) to zero [Ref 7]. Again, setting the cluster threshold number to
zero does not enable this constraint.

Combat threshold number ( COMBAT _num) defines the conditions for which the
LC will choose to move toward or away from engaging an enemy ISAACA [Ref 7]. This
social constraint defines an ISAACA’s willingness to engage the enemy. This constraint
can be thought of as an ISAACA’s combat aggressiveness. A negative combat threshold
number implies that an ISAACA will have a tendency to engage the enemy even when
out numbered by that assigned value. A positive combat threshold number implies that
an ISAACA will not engage, if possible, unless the enemy is outnumbered by the
assigned value. In the positive combat threshold number case, if the assigned combat
threshold number is met, the movement personalities w2 and w4 are unaffected.
However, if the combat threshold number is not met, w2 and w4 become — w2 and — w4.
In the case of a negative combat threshold number, once the ISAACA is outnumbered by
that assigned value it will behave as above and choose to move away from the enemy

rather then engage the enemy [Ref 7].
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5. Command Area Parameters

The LCs have a user-defined command area, as described earlier. This command
area moves with the LC throughout the battlefield and is partitioned into 3x3 or 5x5
blocks of smaller blocks. The command area blocks are decision points used by the LC
to decide where to order the subordinates to move [Ref 7]. How the orders are given is
discussed below. The size of the smaller blocks is equal to (2r+1) by (2r+1), where 7 is

the user-defined command radius discussed earlier, see Figure 5 below.
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Figure 5: Command Area. With a command radius of 1, the command area
is a 3 x 3 area of blocks subdivided into (2r+1) x (2r+1) or 9 x 9 sub-
blocks. The LC uses the sub-blocks to direct his subordinates to a
location based on his user-defined personality.

If no enemy ISAACAs are sensed in the local command area, the components of

the LC’s personality weight are set to zero, w/ through w5. The only active component is
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w6, which is the LC’s propensity to proceed toward the enemy goal [Ref 7]. When
enemy ISAACAs are sensed in the command area, the local command personality that
drives the movement orders given to subordinate ISAACAs is defined by four weights
alpha, beta, delta and gamma. These weights describe the relative degree of importance
the LC places on various measures of information contained in each block of sites within
the command area. The relative information is the fractional difference between the
number of friendly and enemy alive and injured ISAACA s contained in each block. The

LC weighs each block of sites by a penalty weight Z; given by:

Zi =al ph a ( Fialive _ Eialive) FT-I + beta ( Fialive _ Eiinjured) FT-l +

delta ( Fiinjured - Eialive) F_r—l + gamma ( Fiinjured - Eiinjured) FT-I (3)

where: F{1Y¢ = number of alive friendly ISAACAS in the i™ block,
F;™"d = number of injured friendly ISAACAs in the i"" block,
E;®""® = number of alive enemy ISAACAEs,
EAinjured
1

= number of injured enemy ISAACAs,

Fr = total number of friendly ISAACAs in the command area [Ref 7].
Then based on this penalty weight Z;, the LC orders the subordinate to move in the

direction of the sub-block with the minimum penalty. An example of such a calculation

is represented in Figure 6. The minimum penalty location (xg , yg) determined by the LC
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personality movement propensity will be discussed in the overall movement penalty

function in the next section.

Order =
“Move to Block 3”

o, ® 33-_‘_. ?

=0 zs=0 zs=0 “'-l-.
® @ | ISAACA

o @ @» ]
@320

Figure 6: Example Command Area. This is a simplified 3 x 3 block in which
the LC senses the friendly and enemy ISAACAs. Based on the user-
specified command personality weights, the LC directs the subordinates
where to move.

In general, negative alpha, beta, delta and gamma weights imply that the LC’s

have a tendency to send subordinate ISAACAs away from enemy dominant blocks.
Positive weights imply a LC’s tendency to send subordinates toward enemy dominant

blocks.

G. ISAACA PARAMETERS
1. Defining Numbers and Squads

The ISAACA parameter section of the data input file consists of flags and
variables defining individual ISAACA'’s personality weights. In many cases, the flags
and parameters may be similar to some of the ones explained for the LC. In those
instances, the flags or parameters will be only briefly mentioned. However, there are

some differences that occur in the individual ISAACA case.
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The first three parameters are basically self-explanatory num_blues, squads and

num_per squad. The first parameter defines the total number of blue ISAACAs, which
is limited to 400. The second parameter defines the total number of squads, which is
limited to ten. The third parameter defines the number of blue ISAACAs per squad for
each of the squads [Ref 7]. In the urban scenario, there are three squads of twelve
subordinates and one local commander each.

Movement range (M _range) defines the movement range for each of the ten
possible squads. The movement range can be a zero, one, or two. A zero means the
ISAACA will not move. A one means an ISAACA can move zero or one space in any
direction, based on the minimum penalty function. A two implies that an ISAACA can
move zero, one, or two spaces in any direction, based on the minimum penalty function
[Ref 7]. In the urban scenario, a movement range of one is used and held constant
throughout.

Personality is a software flag that specifies how the ISAACA’s personality
weights, wl through w6, will be determined. A personality of one means the user assigns
the personality weights as described earlier. A personality of two means the weights of
wl through w6 are randomly assigned. In this case, each blue ISAACA is assigned a
different random weight. In the urban scenario, a personality of one is used.

2. ISAACA Personality Weights

The six personality weights for the ISAACA are identical to those described
previously for the LC. However, in the ISAACA’s case, ISAAC allows the user to assign

a different set of six personality weights to an ISAACA when it transitions from the alive
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state to the injured state. This allows the user to assign different personality weights to
injured ISAACAs. In the urban scenario, the personality weights are kept the same for
ISAACASs whether in the alive or injured state. However, the individual weights, w/ -
wo, were varied and will be discussed in later sections.

3. Local Commander Activated Weights

When the LC software flag is enabled, ISAAC _activates two additional
personality weights to the individual ISAACAs [Ref 7]. The first (w7:B_loc_comdr),
relates to the bond that exists between a subordinate and the commander. As the LC
moves about the battlefield, this user-defined weight, zero to one, influences how much
weight the subordinate ISAACA affords to staying close to the commander. If the bond
is one, the ISAACA’s movement direction will be weighted more to stay close to the LC.
On the other hand, if the bond is low the ISAACA will not give much weigh to its
movement propensity in the direction of the commander.

Whether or not the w7 weight is used depends on the LC’s command area
described earlier. If the subordinate ISAACA is outside the LC’s command area, this
weight is activated and the user assigned bond value is applied to the movement penalty
function of the ISAACA. The ISAACA will then tend to move closer to the LC. If the
ISAACA is already inside the LC’s command area, the w7 weight is not appiied to the
movement penalty function [Ref 7]. If the w7 weight is set to zero, there is no change in
the original movement penalty function.

The second added weight is w8:B_loc_goal. This weight is associated with the

friction level on the battlefield. An ISAACA’s ability to listen to the LC’s orders is
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reflected in the friction level. This weight relates to the movement orders given by the

LC based upon the LC’s decision calculations in the command area [Ref 7]. As the
friction level increases on the battlefield, the ability of a subordinate to listen to the orders
of superior’s decreases. Therefore, when the LC gives a movement order, the user
assigned ISAACA’s ability to listen is used to weight the ISAACA’s movement based on
the movement penalty function. A high ability to listen to the LC’s orders isa w8 =1

and no ability to listen to the LC’s orders isa w8 = 0.

When the LC flag is enabled, the movement penalty function is:

Z=Z,+W;(Xic,Yic) + Ws (X5,YB) 4

Where: Z, = general movement penalty function.
(Xic,Yic ) = LC’s (%,y) coordinates on the battlefield.

(Xs,Ys ) = the (x,y) coordinates of the move to block determined by the
command area parameters of the LC.

4. ISAAC General Parameters

This group of software flags and variables are best described as general
parameters since they vary in their applications. The defense_flag is a software flag that
regulates the notional defense option. If the defense_flag=0, this option is not enabled.
When this flag is enabled, defense_flag=1, two additional parameters are defined. These
are alive_strength and injured_strength [Ref 7). These parameters define the defense
strength of the alive and injured ISAACAs. In the default case, when the defense flag is

" not enabled, if an ISAACA is hit once, it changes from an alive state to an injured state.
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If hit again, it will go from an injured state to a killed or removed state.v However, this
option allows the user to alter the default settings to allow more then one hit before an
ISAACA transitions to another state [Ref 7]. In the urban scenario, the default setting is
used and this option was not explored further.

Sensor range (S-range) defines the ISAACA sensor range, as explained earlier,
for each of the possible ten ISAACA squads. The sensor range can be any positive
integer value. If a value of zero is used, then the ISAACA will not sense anything around
itself [Ref 7]. Also, squads can have different user-defined sensor ranges. In the urban
scenario, the sensor range of the blue ISAACAs is set at eight and the sensor range of the
red ISAACAs are set at six. This difference is to simulate a greater technological
advantage in obtaining local enemy information for the blue forces.

Firing range (F_range) defines the firing range for each of the 10 possible
ISAACA squads. Firing range can take on any positive integer value. If firing range is -
zero the ISAACA is unable to shoot [Ref 7]. In the urban scenario, the blue ISAACA
squads are given a firing range of eight and the red ISAACAss are given a firing range of
six. This difference was established, as described in sensor range, to simulate a
technological advantage by the blue forces over the red forces.

The communication flag (Comm_flag) is a software flag that regulates the
communication option for the blue and red ISAACAs. If the communication option is
enabled, ISAACAs communicate with other friendly ISAACAs within a given
communication range (comm_range) as set by the user. This communication consists of

the passing of the location of enemy ISAACAs. This, in turn, affects the movement
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penalty function for each ISAACA since more enemy information becomes available.
The weight afforded by using this information is assigned by the user variable
comm_weight [Ref 7]. The communication weight is usually a number between zero and
one, however, numbers greater then one can be used when the user desires to assign more
importance to information gained through communication then directly sensed by the
ISAACA [Ref 7]. In the urban scenario, the communication flag is not enabled. Marine
Corps Combat Development Command in Quantico, Virginia has been doing extensive
research using the communication option. Therefore, this was not considered a focus of
this thesis, which deals predominantly with the personality differences between
commanders and subordinates.

5. ISAACA Social Constraints

Many of the social constraints for the individual ISAACAs are the same as they
were for the local commander. The one difference is that subordinate ISAACAs can
have different social constraints in an injured state. The ISAACAs have a set of social
constraints when they are in the alive state. They also have a set of social constraints
when they transition to the injured state. In the urban scenario, the social constraints are
set to be the same. However, the user could use this option to explore other areas of
interest.

The movement flag (movement_flag) is a software flag that controls the use of the
social constraints. If this flag is set to zero, the social constraints will not be enabled. If
the flag is set to one, the social constraints become part of the movement penalty function

[Ref 7]. In the urban scenario, the movement flag is set to one and the social constraints
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are utilized. However, these pafameters were not varied in the course of this analysis but
could easily be used to further expand the research.

In the ISAACA social constraints, the threshold range, advance number, cluster
number and combat number are identical to those described earlier in the LC’s social
constraint section. In the urban scenario, the cluster and combat social constraint
parameters are utilized. The cluster for the blue forces is set at twelve to allow squads to
stay together but not have a propensity to move closer to other squads. The red forces are
given a cluster of five. This is meant to simulate the red force as loosely organized units
in a urban environment. The combat parameter for the blue forces is set at negative five.
This means a blue ISAACA will engage an enemy even if outnumbered five to one. The
red forces are given a combat parameter setting of negative ten. This is designed so that
red forces, which are greater in number but less technologically advanced, are more
willing to engage the blue forces on their home soil.

ISAAC has a set of parameters for advance, cluster and combat that can be set to
randomly choose parameter settings with a minimum and maximum level. To have this
option enabled, the personality flag, discussed earlier, must be enabled [Ref 7]. Once
enabled these three parameters are randomly chosen in each successive run between the
minimum and maximum level. This option is not enabled in this urban scenario.

The ISAACA social constraints have three additional parameter settings that are
not available to the LC. These are minimum distance to friendly forces (B_B_min_dist),
minimum distance to enemy forces (B_R_min_dist), and minimum distance to enemy

goal (R_R_min_dist) [Ref 7]. The parameters are simply user defined minimum
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distances. Therefore, if exceeded, the ISAACA’s movement penalty function takes this
into account and attempts to make the necessary weighted adjustments to correct the
distance. ISAAC does this by defaulting to or negating the appropriate wi, w3 or w2, w4
personality weight in the penalty movement formula to obtain the desired movement
propensity. These parameters can also be set to be different for ISAACAs in the injured
state. In the urban scénario, a minimum distance between blue forces is set to be three.
This was to simulate a trained structured unit attempting to keep some dispersion of
forces while maneuvering through the city. This parameter was held constant throughout
the exploratory research done in this thesis.

6. Combat and Engagement Parameters

The probability of a hit on a targeted enemy (shot_prob) defines the blue
ISAACA’s single-shot hit probability. This represents the probability that a targeted
enemy ISAACA is hit [Ref 7]. In the urban scenario, the shot probability for the blue and
red forces is .05. This probability is kept constant since, in an urban environment,
weapons effectiveness can be seriously degraded by the surrounding structures. With the
focus of ﬁﬁs thesis being command and control, the aspect of weapons effectiveness in an
urban environment is left for future exploratory work.

The maximum enemy engagement number (B_max_eng num) defines the
maximum number of simultaneously targetable enemy forces by friendly forces. This
parameter correlates directly to the combat flag parameter discussed under the General
Parameters section. If the user wishes to define this maximum number of engagements,

the combat flag is enabled and the user sets the appropriate number at this time. If the
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combat flag is not enabled then this parameter simply has no maximum 1evel [Ref7]. In
the urban scenario, the blue forces can engage a maximum of six red targets in range.
The red forces are only allowed to engage two blue targets. This is to simulate a more
technologically advanced unit with the ability to engage more targets and a unit with a

superior command and control structure.

40




IV. ANALYSIS METHODOLOGY

This chapter explains the methodology used to explore ISAAC. In this chapter,
the measures of effectiveness (MOEs) and statistical designs used to evaluate the
significance of the parameters in ISAAC are explained. This chapter also explains how
sample sizes are chosen and the statistical techniques used in determining the significance
of the ISAAC parameters. Also, this chapter explains some limitations imposed by the
MHPCC and the affect the limitations had on the statistical designs.

In the urban scenario, the mission of the blue friendly ISAACAs is to maneuver
through the urban environment to their objective, the red goal. There are two measures
of effectiveness used to examine the success of the mission and pr