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ABSTRACT

The ongoing revolution in military effars is trandorming the nature of warfare.
Modern combat systems are increasingly more effective yet more complex to operate.
Nonetheless, their complexities cannot be compared to human behaviors—which reman
the most important factor in combat. Within Project Albert, an agent-based modd caled
SOCRATES has been developed to enable users to explore the emergent behaviors of the
agents. A deep operation scenario is developed to explore the effects of human factors on
combat outcomes. Two experimenta designs are used in this invedtigaion: A Ldin
Hypercube and a Full-Fectorid Design.  Using the computing facilities a NPS, MITRE
and MHPCC (Maui High Performance Computing Center), a tota of 174,960 runs are
made. The data suggest the existence of emergent patterns, and provide some ingghts
into the question of how much more capable a smaler force must be in order to
effectivey battle a larger force. In addition, the analysis shows that the Latin Hypercube
Dedgn is able to identify the same ggnificant factors in the scenario as are obtained by
the Factorid Design, but with much fewer runs.
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THESISDISCLAIMER

The reader is cautioned that computer programs developed in this research may
not have been exercised for al cases of interest. While every effort has been made,
within the time available, to ensure that the programs are free of computationd and logic
arors, they cannot be consdered veidated. Any gpplication of these programs without
additiond verification is at therisk of the user.
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EXECUTIVE SUMMARY

A. INTRODUCTION

The nature and execution of war is a subject that has been studied since men
began organizing for battle. In 1914, the study of warfare took a sgnificant change with
the introduction of the Lanchester models. Since then, these models have served as the
fundamentd mathematicd modes upon which many modern theories of combat attrition
are based, and variants are to this day embedded in many sate-of-the-at military models
of comba. Unfortunatey, what is normaly concentrated on are the easly messurable
aspects of war, such as he firepower, mobility, and lethdity of wegpons sysems. The
human dement, the most important factor in combat, dso the mog difficult to determine,
is often neglected. With the increasing importance of smal-scde, autonomous warfare,

examining the effects of human eements on combat outcomes is essentid.

The advanced warfighting concepts of the Marine Corps envisages future combat
being conducted by smadl, highly traned, wel-amed autonomous teams working in
concert, continualy adapting to changing conditions and environments [Ref 1]. As the
modes of land warfare developed thus far do not adequately represent the Marine Corps
visgon of future combat, a few agent-based models are being developed under Project
Albert in the hope of providing answers to questions about the uncertainties of human
eements in warfare [Ref 2]. Within the Project Albert framework, this thesis uses one of
the agent-based smulations, SOCRATES, to explore the parameters associated with
human eementsin typica Marine Corps operations.

B. MODELING SCENARIO

Usdng the framework provided in the paper, this thess examines how unit
coheson affects combat outcomes with SOCRATES. A scenario, which centers around
the invason of Kuwat by Irag some time in the future, is developed for exploration. In
the scenario, a Marine Expeditionary Task Force is assigned with the misson of
conducting a block in the enemy’s depth as pat of a larger effort to liberate Kuwait. In
its amphibious assault, one of the Infantry platoons is tasked to secure a beachhead
objective by capturing two of the frontal defended sectors while conducting a loca block

XVii



to deny enemy reinforcement (see Figure 1), and this thess examines how unit cohesion
affects the platoon’ s effectiveness in battling alarger force.

Eg_;,aSocrates Yisualization Tool 8 A |E||_)g
File iew Simulation Help
|S’tep || Start ||Stup ||Reset|| Increase Speed”Decrease Speed ||Zuum In|| Zoom 0ut| |Abuut|
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L
144041
Block Force
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or ey
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L] L2
|
q] [ 2 v ]

Figure 1. Start State of Scenario (Small Force Size)

This thess models the factors atributed to unit coheson by varying the sx vaue
components of the movement decison in SOCRATES. To dudy the effects of the
factors, two experimentd desgns ae used: a Full-Factorid Desgn and a Latin
Hypercube Design. In the Factoriad Design, each vaue component is given three leves,
and together with two levels of Pk and overdl force sze, a totd of 174,960 runs are
made, with 60 replications for each combinaion. In the Latin Hypercube Desgn, two
sets of 20 combinations of the parameters are generated and 30 runs were made for each
st. A totd of 4,800 data are collected (2 sets of 20 combinations with 30 runs, crossed

by 2 sets of Pk and 2 force szes) Vaying the leve of the overdl force sze dlows us to
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examine if any emergent behavior that is observed exidts at different force szes. In
addition, running the scenarios usng the two different experimentd designs dlows us to
compare the utility of the designs. To ensure that outcomes obtained are intuitive, a
series of prdiminary runs are conducted prior to the production runs to determine the
appropriate ranges of vaues for the Pk and the six value components to be used. Table 1
below shows the ranges used eventudly, where (the components are defined in more
detail in the section on Overview of SOCRATES of Chapter 11):

Cmdr Trust indicates the leve of trust an agent hasin his superior

Formation dictates the desire of an agent to remain in the formaion given by

his superior

tgtinWpnRng dictates the desre of an agent to keep the enemy within his

weapon’' srange

tgtinSnsRng dictates the desre of an agent to keep the enemy within his

sensor’ srange

outHostWpnRng dictates the desire of an agent to stay out of the enemy’s

wegpon range

cndrinSnsRng  dictates the desre of an agent to reman within the

communication range of his superior

Components Min Value Max Value Delta
Size (totd) 33 68 30
Pk 0.1 0.2 0.1
Cmdr Trust 0.2 0.8 0.3
Formation 0.2 0.8 03
tgtinWpnRng 0.4 1.0 0.3
tgtinSnskng 04 1.0 0.3
outHostWpnRng 0.1 0.7 0.3
cmdrinSnskng 0.2 0.8 0.3

Table 1. Combination of Valuesfor Farmable I nputs

XiX



C. RESULTS

The results from the two experimenta dedgns ae compared in terms of the
ggnificant effects determined. In the Latin Hypercube Design, the Akake Information
Criterion (AIC) method is the primary method used to derive a modd. After the modd is
derived, it is smplified by sdecting only terms of datigicd dgnificance.  In the Full-
Fectorid Dedgn, ANOVA is the man mehod of andyds. For the entire andyss,
instead of using the raw data of 174,960 observations, the mean of every 10 replications
isused in order to work within the memory capecity of S-Plus.

1 Comparison Between Latin Hypercube and Factorial Designs

The outcomes on the dgnificant effects obtained from both the Latin Hypercube
Desgn and the Factorid Desgn ae summarized in Table 2 bdow. The multiple R-
Squared vaue dlows us to compare how much of the totd MOE variation is explained
by the modd. The vaue used below is that would have been obtained if the modd
shown were being used to fit data from a full Factorial Design of 2 scenarios X 2 Pks x 3
levels for the ax vaue components of the movement decison. The results show that the
Latiin Hypercube Desgn can identify the same important effects that are datidicdly
dgnificant and can account for a high percentage of the totd sum of sguares, without
losng much information on the variability of the data, with far fewer runs.

MOE 1: PercentBlueKilled MOE 2: FER

Terms Latin Hypercube Factorial Latin Hypercube Factorial

Size * * * *

Pk * * * *

Formation * *

TgtinWpn *

TgtinSns *

OutHostWpn * * * *

Size:Pk *

Size:Formation * *

Size:OutHostWpn * *

TgtinWpn:OutHostWpn *

Multiple R-Squared 0.7956 0.8595 0.8312 0.8607
Table 2. Summary of Comparison of Significant Effectsfor the Latin

Hyper cube and Factorial Designs
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2. Relationships Between Size, Pk, Formation And OutHosWpn Factors
As the factors of Size, Pk, Formation, and OutHostWpn are shown to have
sgnificant effectsin dl of the models listed in Table 2. The following are noted:

a When the Pk islow: The mgority of the Blue are killed.

b. When the formation factor equals 0.2 and when PK is high: In the smdl
force sSze scenaio, the number of Blue killed is the lowest when the
OutHostWpn is low. The same reault is obtained for mid and high levels
of the Formation factor. However, when the force sze is large, the lowest
percentage of Blue killed occurs a the mid vaue of the OutHostWpn. It
is aso seen (result not displayed) that the lowest percentage of Blue killed
occurs at ether the mid or high levd of OutHostWpn regardiess of the
levels of the Formation factor.

This observation suggests that when the overdl force sze is smdl, and if the Blue
is more capable, it will be to Blue's advantage to be more aggressve in order to optimize
its superior capability. However, when the totd force Sze is large, being over aggressive
may lead to a higher casudty rate for Blue than if it is not, despite its superior capability.
This phenomenon might be dtributed to the reason that when the overdl force sze is
large, after each exchange of fire, there are more Red survivors who can return fire. This
may indicate the exisence of some emergent behaviors that only appear a a larger force
gze

3. How Capable Must Blue Be?

The results provide sufficient indication that by being twice as lethd as the Red,
the Blue can achieve a higher FER (rdative comparison of the gaps between the number
of Blue and Red killed at low and high PK). It is dso seen that a high Pk, the percentage
of Blue killed, or the number of Blue killed, can be reduced by about 50 percent or more
(there are a totd of 16 and 28 Blue agents in the smal and large force size scenarios

respectively.)
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INTRODUCTION

The nature and execution of war is a subject that has been dudied snce men
began organizing for bettle. As ealy as 1914, F. W. Lanchester introduced the
Lanchester Equations (LES) as a modd of atrition in modern warfare [Ref 1]. LEs are
very intuitive and therefore very easy to apply. For the smplest case of directed fire, for
example, they embody the intuitive idea that one Sde's attrition rate is proportiona to the
opposng sde's force level. However, LEs are applicable only under a drict st of
assumptions, such as having homogeneous forces that are continualy engaged in combdt,
firing rates that are independent of opposing force levels and are congant in time, and
units that are dways aware of the podtions and conditions of al opposng units.
Lanchester models dso have some other shortcomings: they are determinidic; they
require knowledge of “atrition-rate coefficients” the vaues of which are very difficult to
obtain in practice; and they are not able to directly account for terrain and suppressive
effects of wegpons. Despite their shortcomings, Lanchester models have served as the
fundamental mathematicd modds upon which many modern theories of combat attrition
are based, and variants are to this day embedded in many date-of-the-at military modds
of combat.

Unfortunately, what is normaly concentrated on are the easily measurable aspects
of war, such as the firepower, mobility, and lethdity of weapons sysems. An agpect of
war, which is more difficult to determine, is the expected effectiveness of a unit. While a
unit's effectiveness depends heavily on its equipment, such as arcraft, tanks, or ships, it
can adso be affected by the human dements that comprise the unit. Predicting battlefield
peformance is exceedingly difficult because it depends so heavily on human behavior.
The human element is often the most uncertain, yet important, factor within any combat
sysem. This is paticularly so in the advanced warfighting concepts of the Marine Corps,
which envisage future comba to be conducted by smdl, highly trained, wdl-armed
autonomous teams working in concert, continudly adapting to changing conditions and
environments [Ref 1. As the modds of land warfare developed thus far do not
adequatdly represent the Marine Corps vidon of future combat, a few agent-based

1



models are being developed under Project Albert in the hope of providing answers to
questions about the uncertainties of human dements in wafae [Ref 2]. Within the
Project Albert framework, this theds uses one of the agent-based sSmulations,
SOCRATES, to explore parameters associated with human dements in typicd Marine

Corps operations.

A. BACKGROUND

Project Albert is a United States Marine Corp (USMC) project initiated to
investigate the intangible factors of combat that impact on a commander’s decison
process. The purpose of Project Albert is to identify emergent behavior by developing
models using a bottomup approach, rather than the traditional top-down approach. By
employing a bottomrup approach the emergent behavior caused by the synergy of the
entities may be observed. Project Albert attempts to address three areas that conventional
models, such as JANUS, are incgpable of handling. These areas are

a Non-linear Behavior: This is where a smdl change in the modd basdine
creates a disproportionate response.  Areas of non-linear behavior can be

equated to opportunities and weaknesses within amilitary operation.

b. Co-evolving Landscapes. The batlefidd is dways changing as each
commander adjusts his plan to the changing circumdance of the battle.
Co-evolving landscgpes atempt to rationdize the “I think; he thinks’
game.

C. Intangibles: Through the use of persondity based agent-based models,
interaction akin to the intangibles of morde, discipline and training can be
observed.  Project Albert attempts to use persondity-based models to

investigate these issues.

Thus far, Project Albert has developed a series of models aimed a providing
different layers of complexity, eg., ISAAC and SOCRATES [Ref 2]. The USMC and
New Zedand Army have used the Project Albert modds in investigating the intangible
edements of combat, such as training and morde. In addition, initid indications are that

these models have the potentid to contribute to the development of Audrdian Army
2



doctrine and decison support processes.  To further the development of the Project
Albert suite of models, Project Albert has been proposed to trangt from the “development
phasg’ to the “use phase” It has been recognized that the most appropriacte means to
further the development of the Project Albert modes is to use them, specificaly
SOCRATES, to investigate “red world” issues.

SOCRATES is a didillation that was developed with the primary god of
producing a fast-running representation of ground combatants to explore emergent
paterns in an urban environment. With ideas adopted from BRAWLER, a modd that is
used to dudy the ar-to-air combat (arcraft and missles), as wel as TRACES, which
usss the BRAWLER methodology in helicopter ar-to-air combat, SOCRATES uses a
vdue-driven decison logic in an agent-based modd that can capture human factors.
SOCRATES is easy to use, modify, and can trace dl the decisons made in the
gmulaion. In addition, its ability to operate in a daafaming environment enables
iterative processes to be conducted to explore the effect of the modd’s parameters. In
SOCRATES, every agent of the three levels of unit hierarchies will exhibit cooperdative
behavior based on some vaue component sets, such as survivd, trust, misson
accomplishment, threat attrition, obedience to order, and unit spacing. These vaue
component sets will drive the various levels of the decisortmaking processes. The three

hierarchiesin the command and control structure, from bottom to top, are
a Frontline agent:
I, Movement
. Employment of Wespon
b. TacticO Leader (e.g. squad leader):
I Maintenance of Formations
C. Tacticl Leader (eg. platoon commander):
I. Accomplishment of Missons

The data-farming inputs include characterigtics of hardware (e.g., wegpon’'s p-kill,
ranges, sensor's ranges and detection duration, movement speed of agents, etc.), vaue
3



component factors for decisonmaking (eg., commander trust, tactics weights,
importance multipliers of the various component factors), and scenario settings (eg.,
initid pogtions and misson description). At the end of a run, a lig of datafaming
outputs is produced. Being easly converted to comma-deimited (CSV) file format, the
output can readily be anadyzed using datidicd software, such as S-Plus. SOCRATES
aso provides the means for users to view the playback of the scenario as wel as to

perform gragphica anayss.

B. OBJECTIVE AND SCOPE OF THE THESIS
The thess has two main objectives:

a To see how SOCRATES can be used to andyze the effects of human
factors on battle outcomes. This will dso serve as pat of the evauation
process for the newly developed SOCRATES modd.

b. To examine the effects of human factorsin various scenarios.

Usng the framework from Russdl’s pgper on human cepita [Ref 3], this thess
explores the effects of human behavior in war. In paticular, unit coheson, which is
defined in the paper as the bonding of members of a unit or organization in such a way as
to sudan ther will and commitment to each other, ther unit, and the misson, are
explored in depth. This includes running some scenarios in SOCRATES to see how the
following factors affect unit cohesion:

a  Disipline

b. Communication—Vertical and Horizontal

C. Leadership
d. Initiative
e Trust

f. Homogeneity of Unit

The primary difficulty encountered in the andyss was how to modd the human
edements in SOCRATES. The present stage of SOCRATES development only alows
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explicit moddling of three of the above factors (commander trust, communicetion, as well
a homogenety of unit). The other three—discipling, leadership, and initistive—have to
be modded implicitly by vaying some of the decisonvaue components of the
movement decison Smultaneoudy.  Rather than usng dl vadue components of dl
decison components (movement/employment of wegpons, tacticO, tacticl), only the
vaue components of the movement decision are used in this thess, since the movement
decison is the only decison that every agent must make in SOCRATES. For example,
the initigtive of the soldier is modded by varying the parameters in such a way that he
has to balance between the need to follow his commander's order to move in formation
and the nead to day dive usng locd information, such as the enemy’s location, he
obtains through his own sensor and the baitlefidd updates he recaives from
communication broadcasts.

However, some conflicts arise when more than one factor are to be modded
samultaneoudy. For example, the component tgtinWpnRng must be sat high for high
initigtive but low for low discipline. To resolve these conflicts, the following gpproach is
adopted: for al scenarios, dl the vaue components contributing to the movement
decison are varied from 0.2 to 0.8, and the output was examined for trends that can be
mapped to each of the human factors.

In dl of the scenario runs, Red is made to be superior in Sze than Blue, but the
ratio of Red to Blue is kept congtant. The purpose is to enable us to determine how Blue,
being a smdler force, can be an effective force agangt Red through better unit cohesion
and enhanced combat capability. It is adso hoped that the series of runs can enable us to
roughly estimate how capable Blue must be to a leest mach Red, if not to win, and
whether the answer depends on the overall force sze. The persondities of the Blue
agents are varied by the different settings of the priorities in the vaue components of the
movement decison, in order to smulate different levels of unit coheson, as explained in
Chapter I11. The Measures of Effectiveness used in thisthess are:

a Percentage of Blue Killed

b. Fractiond Exchange Retio (FER)



The two MOEs reciprocate each other. They provide a good measurement of the
effectiveness of a unit, an effective unit being one that kills more eremies while kesping

it own losses low.

C. ORGANIZATION OF THE THESIS

Chapter | of this thess introduces the thess. It provides the background, the
objectives, and the scopes of the thess. Chapter 1l gives an overview of the modding
tool used, SOCRATES, and eaborates some fegtures that the thess uses in the study of
human factors, in particular those specified in the scope section.  Chapter 111 highlights a
few obsarvations from the initid trid runs usng SOCRATES and discusses how the
scenarios to be dudied are smulated in SOCRATES. Chapter IV then andyzes the
results obtained from the runs and derives some relaionships between the human factors
and the battle outcomes. Findly, Chapter V draws posshble conclusons and makes
recommendations on how the study can be caried further, as well as how SOCRATES

can be improved to enable more effective future anayses.



Il.  MODELING TOOL

A. INTRODUCTION

SOCRATES is a didillation being deveoped within Project Albert with the
primary god of producing a fast-running representation of ground combatants to explore
emergent patterns in an urban environment. With ideas adopted from BRAWLER [Ref
4], a model used to study ar-to-air combat (aircraft and missiles), as well as TRACES,
which uses BRAWLER's methodology in helicopter ar-to-air combat, SOCRATES uses
vaue-driven decison logic in an agent-based modd that can capture human factors.
SOCRATES is easy to use, to modify, and to trace dl of the decisons made in the
gamulation. In addition, SOCRATES's ability to operate in a datafaming environment
enables iterative processes to be conducted to explore the effects of the modd’s
parameters.  This chapter provides an overview of SOCRATES and its vaue-driven

decision process.

B. OVERVIEW OF SOCRATES

1 I mplementation

SOCRATES is written in JAVA, as its classes support an object-oriented
implementation in JAVA. The sdection of objects is based on amilaities in how the
data is used in the decison dgorithms and how information is passed between the
decisons and the physcd modes. The resulting objects are a blend of physicad world
andogs and dgorithm abgractions.  Particular attention in the class design has been paid
to the ability to modify the set of decisons peformed by an agent, the set of avalable
physcd sysems with which the agent interacts, and in some cases components of the
decisions themselves.

2. Moded Environment

The battlefild in SOCRATES is represented on a two-dimensond lattice of
discrete dtes [Ref 5]. Each dite of the lattice may be occupied by an agent of any type.
SOCRATES does not explicitly modd terrain.  The type of terrain to be modded, for
example, whether the terrain is open or closed, is modded implicitly by setting the speed



of the agents. However, SOCRATES does provide the capability to modd obstacles in
the form of obstructions that impede the movement of the agents.

Currently, SOCRATES can modd forces of up to seven different sides, one of

which is non-combatants. Represented in different colors, each side has three hierarchies
of units, with each hierarchy represented by different symbols (see Figure 5). In a
SOCRATES scenario, each dde is given a misson, either a Travel, Search or Vector
mission, and every agent is assgned both physcd and intangible atributes.  All of these
inputs are contained in the data input file, together with the user-specified start state.

3.

Value-Driven Decision Agents

The three hierarchies of unitsin SOCRATES (Figure 2) are asfollows:

a

Frontline Agent: A frontline agent is the lowest levd agent in the
hierarchy. He is able to make movement and wegpon/target decisions
(employment of weapon).

TacticO Leader: Equivdent to a section commander, this leader
commands the frontline agents assgned to his command and is able to
make decisons on the movement formation (tacticd formation decision,
or tacticO decison) for his section, in addition to his own movement and

employment of wespon.

Tacticl Leader: As the overdl commander, he commands the tacticO
leaders directly and can make decisons (misson formation decison) on
how his sub-units should be maneuvered to achieve his misson, in
addition to those decisons tha are made by the frontline agents and
tacticO leaders.



Figure 2. Unit Hierarchy in SOCRATES (From: [Ref 4])

In SOCRATES, each agent is given some attributes, both physical and intangible.
Moreover, the emphass is on the intangibles, and the physcd modding is of low

reolution. Physicd attributes include sensor, weapon, communication device, and speed

of movement.

a

Sensor: The sensor used is a “cookie-cutter” sensor.  The sensor will
detect any enemy agent or other viewable objects that are within the range
of the sensor. A sensor makes its detections periodicaly, and the time
between each detection can be controlled, i.e, via the frame time in the
famable input. The time of the firg detection atempt is randomly
sected between time zero and a full frame time after time zero. This is
done for each sensor, and hence, all sensors detect a different times. A
sensor keeps a track it detects with the agent, and the length of time a track
is kept after the most recent detection can adso be controlled (timeout
input).  After this, the track will be removed. This alows the agents to
forget contacts after a certain period of time.

Weapon: The type of wespon to be modded in SOCRATES is
determined by the range, frame time (i.e, intervad between which the
wegpon makes its effect, or equivaently the rate of fire), and the radius of
kill, provided by the user. For example, an M16 rifle will have a range of
about 350 meters, a frame time of one second (sustained rate), and a radius
of kill of 0.2 meter. If the distance from an agent to its perceived target's
podtion is within its wegpon's range, dl other agents within the circde
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(with a radius equa to the radius of kill) centered a the perceived target’s
postion may be killed. This can rexult in fratricide. A random draw is
made and compared to the weapon’'s probability of kil (Pk) independently
for every agent within the circle. If the Pk exceeds the number drawn, the
agent is killed. This event is performed periodicdly a an interva equd to
the frame time. In SOCRATES, any weapon can fire a any type of target,
induding an anti-tank wegpon firing a a soldier. Therefore, only wegpons
of the same category should be modeled in a sngle scenario in order to
have logicd engagements. For example, smadl arms and wegpons of
larger caiber should not be used smultaneoudy.

C. Communication Devicee A communication device enables an agent to
pass tracks of observed enemy agents to other agents on its
communication channd. Each communication device has a range and an
asociated lig of channels, and agents on the same chame ae on the
same communication network. Whenever a communication device sends
a message, such as an enemy track, the channe puts the message on the
lig of dl other communication devices on the same channd, provided they
ae within the sender’s range. To Smulae communication deays, a
paramneter cdled “commintervd” is used. This intervd is the amount of
time that any new track must remain with the agent who observes it before
he can broadcast it. In SOCRATES, no erors exist in the tracks, and dl
the information fuses well to form an accurate battlefied picture.

d. Speed of Movement: Each agent in SOCRATES is given a maximum
goeed a which he can move. However, in the movement decison, only
the maximum speed or hdf of the maximum speed are consdered. This
feature can be used to modd vehiclesif so required.

In addition to the above physica atributes, every agent in SOCRATES is dso
given intangible attributes, such as ther propensity to obey orders from higher command,
aggressiveness, as well as created aitributes such as initiative and leadership, which this

10



thess tries to modd. Chapter 11l provides more details on how the latter attributes are
being modeded.

4, Value-Driven Decision Making

The most detailled aspect modeled in SDCRATES is the agents decison making,
which employs vadue-driven decison logic. The flow chart in Figure 3 shows how an
agent reaches a decison using the vaue gpproach. An agent receives locd information
via his own sensor and the information broadcasted to him via communication devices.
He then updates and refines his movement modd, using this and physcd daa, such as
the sensor and wegpon range, the probability of kill, etc., provided by the user. After this,
a promisang dternative is sdected for amulation or projection. The outcome is then
evauated, and the process is repeated until the best dternative is chosen and the best
decison is made. For movement decisons, which every agent mekes, a totd of 17
dternatives will be conddered. These dterndives entall ether moving a full speed

adong one of the eight compass directions, or moving at haf speed aong one of the same
eight directions, or remaining Sationary.

> Data Input
Update and
Refine Model
!
Select Promising
Alternative
!
Simulate or
Project Outcome
Evaluate
Outcome
Accept Best
‘ Available Alternative
Figure 3. Flow Chart of the Value Approach (From: [Ref 4])
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SOCRATES employs a multi-atribute utility function to determine the vadue of

each dterndtive

where

V(dt) = & (God Achievement; * utility;)

V(dt) = vaue of dternative dft.

i isthe ' value component of the movement decision.
The god achievement is how much the god of the i vaue component is

achieved.

The utility is the maximum reward that can be obtained in achieving the god of
the i component.

The user defines the utility, which ranges from zero to one. In SOCRATES, god

achievements are measured asfollows [Ref 6]:

a

When a Threshold Requirement is Met: The soring function used here
is a “Smoothed Step Function” (see Figure 4). A “smoothed” rather than a

pure step function is used S0 that an agent achieving a fraction of a god is
aso rewarded. This can further be divided into two categories:

Threshold Reward Function: This function rewards an input
vaue greater than a threshold. A vaue component that uses the
Threshold Reward Function is the “Amass’ component of the
tacticO decison. A tacticO commander is rewarded for having a
locdly superior force ratio. He will be pendized if he has an
unfavorable force ratio. Figure 5 below shows the scoring function
of this component. If the force ratio is 1.1 and the width is 0.63
(chosen 0 that a force ratio of 3:1 will achieve a reward of 0.8),
the reward will be zero. If the force rétio is 2, the reward achieved
will be about 0.65. However, if the force ratio is 1:2, the reward
will be-0.65.
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Threshold Maintenance Function: This function rewards a value
that maintains its value above (or below) a threshold or rewards a
vaue tha is moving up (or down) if it is currently not above the
threshold. The rewarding concept of this Threshold Maintenance
Function is gmilar to tha of the Threshold Reward Function,
except that the equation used to caculate the reward is different.
A this the

“outHostWpnRng”, in which an agent is rewarded for moving out

vdue component that uses function is

of the enemy’ s weapon range.

13



When a Specific Goal is Met: Shown in Figure 6, the “Smoothed Ddta
Function” is used when the god is measured by how close an agent gets to

a particular location in the god space. The rewarding concept is Smilar to
that of the Threshold Reward Function. The measurement of such a god

can be divided into three categories:

Value Reward Function: This function rewards a vaue for being
nearly equa to a reference vdue. Only used in the engagement
component of tecticl decidon, this function determines how well
the engagement component of an dternative scores by having the

agents move toward opposing agents.

Value Seek Function: This function rewards a value for being
nearly equa to a reference vaue and for its derivative to maintain
this equality. Only used as part of the Vector Seek function, the
Vadue Seek Function has inputs that indicate not only whether the
test vaue is close to the reference vaue, but aso whether the test
vaue is moving in the direction of the reference vaue. It returns
high numbers (near 1.0) if the test vaue is close to the reference
vaue and is moving towards the reference vaue.

Vector Seek Function: This function is amilar to the vdue seek
function except that it rewards a three-dimensond vector that
matches a reference vector and its derivative.  Vaue components
that use this function include those that measure spatid gods, such
as the formation component of movement and tacticO decisons

and the posgod component of tacticl decisons.
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Four types of decisons are made in SOCRATES, namély:

a.

Movement Decision

There are a total of 17 aternatives to choose from before a movement
decison is made. The dternatives include moving a full or haf speed, dong one of the

eight compass directions, or remaining saionary. The agent has to decide a what speed
and what direction he should move in order to achieve the highest totd score from his
movement gods (vaue component sets). These gods are controlled by two data
edements an importance multiplier and a width. The importance multiplier indicates the
reldive priority of the component, which is aso the utility (see Section 4 above). The

width indicates the sze of the trangtion region where the component changes from bad to

good, or vice versa.

a

Commander Trust: This factor is a multiplicative factor goplied
to other components that are related orders and communication

from an agent’ s superior. Components affected include:

I. The formation component of movement decision

. The formation, cmdrinSnskRng, and hold components of
tacticO decisons

Formation Component: Rewards an agent for moving into the

formation given by the agent’ s superior.
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C. TgtinWpnRng Component: Rewards an agent for moving to
within its wegpon' s range of the selected target.

d. TgtinSnsRng Component: Rewards an agent for moving to
within its sensor’ s range of the selected target.

e. OutOfHostRng Component: Rewards an agent for moving out of
the hostile wegpon’ s range.

f. CmdrinSnsRng Component: Rewards an agent for moving to

within communication range of his superior.

b. Weapon-Target Decision

A weaponttarget decison involves making a decison on which target, if
any, to engage. This is governed by the target vaue that is assgned to dl agents to
provide some form of priority for engagement. Given two targets that satify the weapon
envelope equdly, the one with the higher target vaue will be preferred.  Higher-vaued
targets farther away may be preferred over closer lower-vaued targets. This dlows the
user to assgn high vaue to targets of dgnificant importance, such as the commander,
section leaders, or agents with a cgpable weapon, sensor, communication, or movement
sysem.

C. TacticO Decision

A tacticO decison is a low-level formation decison designed for low-leve
group leaders.  This decison determines the location and spacing of a group of
subordinates, whose purpose may be to observe and to engage the enemy, but who is not
expected to be leading their own groups of subordinates. The goas, to be achieved

through movement, are
a Formation Component: Same as (b) for movement decision.
b. CmdrInSnskRng Component: Same as (f) for movement decision.

C. Spacing Component: Rewards a tacticO commander for having
his subordinates no closer than 1.5 times its sensor’s range to the
nearest friendly unit.  This heps to prevent the units from
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d.

overlapping.

Observe Component: Rewards a tacticO commander for having
his subordinates a the maximum sensor's range from the nearest
hodtile.

Hold Component: Rewards a tacticO commander for having his
subordinates moving into the hold formation given by the agent's
superior.  This happens only if the superior is given a TRAVEL
misson.

Evade Component: Rewards a tacticO commander for having his
subordinates outsde the maximum wegpon’'s range of known
hodiles. It gpecifies the maximum number of hodtile agerts that a

tacticO commander can dlow to be within the weapon's range of
each of his subordinates,

NotBeSurrounded Component: Rewards a tacticO commander
for having his subordinates avoid being surrounded by hostiles.

Attack Component: Rewards a tacticO commander for having his
subordinates within the wegpon's range of nearest hodile.  This
component can be used as a factor that determines the

aggressveness of an agent.

Amass Component: Rewards a tacticO commander for having a
local force superiority. It caculates the retio of friends to hodtiles
within the maximum of an agent's wegpon range and rewards if

theratio is greater than one.

Tacticl Decision (Mission Formation)

This levd of decison is made by the tacticl leader (highest in the unit

hierarchy) s0 that he can fulfill his assgned misson. There are three types of missons in

SOCRATES:
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a Vector: To move to a misson god location without regard for the
enamy.
b. Trave: To move to the misson god locaion unless the force

encounters and engages the enemy. If S0, the leader must try to
hold his postion.

C. Search: To move to the misson god locaion. If encountering
enemies dong the way, the agents will adopt a wide formation to
try to see dl the enemies While gpproaching the enemies, the
agents then tighten up their formaion to gan locd numerica
superiority.

The type of mission sdected will have an effect on the tacticl decison:

a Engagement Component: Rewards a tacticl commander for

having his troops in an engage position.

b. PosGoal Component: Rewards a tacticl commander for
proceeding to his god postion.

If the agents are given a Vector misson, that is to move to the misson
god postion without regard for the enemy, the engagement component will dways be
disregarded.

5. Data-Farming

A mgor key feature of SOCRATES is its ability to operate in a data-faming
environment. A data-farming environment enables the invedtigation of a wide number of
variables across a wide range of vaues. In essence, the user is atempting to modd dl
possble combinations and variations within the data space. The farmable inputs in
SOCRATES include:

a. Hardware:
I. Ranges of sensors and weapons

il Sensor track timeout (the duration that a sensor keeps a track in its

track bank)
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ii. Pk of weapon and effective casudty radius
iv. Maximum speed of movement
b. Decisons.
I. Importance multiplier (utility), and the trangtion widths of dl
gods
il Tactic weights
ii. Commander trust
C. Scenario:
i. Initid postions
ii. Mission description
Data-faming relies on two key dements reiable models and high performance
computing assets.

Modeds suitable for use by Project Albet were not initidly avalable. Hence,
ISAAC and Eingein were developed [Ref 2], both permitting the user to define the
measures of success variables within eech modd. The input varidbles are then adjusted
over a specified range to generate multi-dimensond data output. More recently,
ARCHIMEDES and SOCRATES were developed, with improved capabilities to mode
agent decision-making.

In order to exploit the full potentid of agent-based models, severad thousand
iterations are usudly run in order to produce datistically sgnificant outputs over a range
of input setings.  Currently, the man resource that supports this high computing
requirement comes from the Maui High Peformance Computing Center (MHPCC),
which has the cgpability to perform four billion calculations a second.

6. Outputs
Currently, for each run, SOCRATES provides a few output files, one of which is

the MOE output file. Thisfile contains 18 MOE vaues and the visudization output file:
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MOE Output File: This is a text file tha contains the results of dl the
MOEs that SOCRATES produced. A sample line from the MOE output

fileisasfollows

660.0,0,12345," Data Farming information”,10,7,-1.0,169.1582665432952,
64.93299348528853,26.123415198210786,-1.0,-1.0,574.39201 72439301,
214.3920172439301,39.502117113588206,19.123415198210786,19,112
Thefiddsare

I. Totd amulation time (660.0)

ii. Index (0)

iii. Seed (12345)

Iv. Datafarming dring ("Data Farming information’)

V. Number of red dead (10)

Vi. Number of blue dead (7)

vii.  Timewhen 100% of red dead (-1.0 meansit did not happen)

viii.  Time when 75% of red dead (169.16)

iX. Time when 50% of red dead (64.93)

X. Time when 25% of red dead (26.12)

Xi. Time when 100% of blue dead (-1.0 meansit did not happen)

xii.  Timewhen 75% of blue dead (-1.0)

xiii.  Timewhen 50% of blue dead (574.39)

xiv.  Timewhen 25% of blue dead (214.39)

xv.  Timewhen first Blue agent killed (39.502)

xvi.  Timewhen firs Red agent killed (19.123)

xvii.  Number of Red tacticO decisions made (19)
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xviii.  Number of Blue tacticO decisons made (112)

A SOCRATES run writes this line a the end of each run. If this file aready
exigs, SOCRATES will append to it, thus enabling outputs of dl runs of the same

scenario to be saved in asinglefile for easy retrieving and processng.

b. Visualization Output File: This file contains the information necessary to
run the visudization playback tool.  Although not visbly dear, five
different types of information are displayed:

I. Agent Initialization Sedtion: This section initidizes dl the agents
defined in the modds.

i. Obgtruction Initialization Section: This section initidizes the
obgtructions built in the scenario. The obdgiructions are composed
of squares of sze defined and podtioned by the users, with the
main purpose of obgtructing movement. This section and the agent
initiaization section occur only at the beginning of the text file.

. Maneuver Decision Section: This section displays dl the
maneuver decisons that every agent makes, a the time when each
decison is being made. It shows dl the dternatives tha the agent
has, each dternative with the score of every vaue component, and
the find score for that dterndtive. It dso shows the find decison
that the agent makes.

V. Agent State Section: This section shows the dates of dl agents,
i.e, pogtion, orientation and whether the agent is dead or dive, a

every 10 seconds of scenario time.

V. Done Line: Being the find line of the file this indicates to the
playback tool that the scenario fileisfinished.

C. Visualization Playback Tool: The visudization playback tool dlows the
user to view the movement and placement of the agents within a SOCRATES run
after tha run has been completed. The optiond playback file (visualization
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output file) produced by SOCRATES records these movements every ten
seconds.  Figure 7 shows a typica playback of a completed run. While the blue
and red icons represent the agents of the two sdes, the grey are the agents that
have been killed. Note: The figuresin thisthesis are best viewed in color.
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Figure?7. Visual Display on a Visualization Playback Tool

During the playback, the user can adways see the movement dternatives of
every agent by dlicking on that agent. For example, clicking on Agent 24 in
Figure 7 indicated by the arrow will reved a screen (see Figure 8 beow) tha
displays the 17 dternaives for Agent 24 with ther respective scores.
Represented by bars congsting of colored segments, each dternative suggests
gther to move a hdf or full speed dong the shown direction, or to reman
dationary (the bars at the center of the two groups). Each colored segment
represents a particular value component (see legend at the bottom of Figure 8) of
the decison, and the length of each segment is proportiond to the score the vaue

component achieved. The total score of each dternative is shown beside the
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dternative.  Figure 8 adso shows that the best dternative, with a total score of
161, is for the agent to move dong its six o'clock direction at full speed. In that
dternative, as the figure shows, the vaue component outHosWpnRng (out of
hogtile weagpon range) achieved the highest score among the value components,
based on the length of the grey segment. A different surface is drawn for the

minimum, maximum, and average outcomes over the multiple Monte Carlo runs.
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M weapon Range In Sensor Range Cmdr

In Sensar Range Min Formation
Out'Weapon Range

Figure8. Showing All Alter natives of Agent During Playback

d. Visualization Toolkit: With this toolkit, the user can graphicdly, in three
dimengons, view the reaionship of any MOE versus any three input variables. Figure 9
shows the three-dimensond grgph of the number of Blue agents killed versus the Red
sensor’s range and Red Pk. By adjugting the vaue of the third variable via a dide bar
(not shown), the output will change accordingly.
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Figure9. Typical Three-dimensional Graph of a MOE vs I nput
Variables
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1. METHODOLOGY

This thess ams to see how SOCRATES can be used to andyze the effects of
human factors on battle outcomes and then to examine the effects of human factors in
various scenarios.  This chapter daborates on the scenario setting and the methodol ogy
used to modd the human factors for which SOCRATES is unable to modd explicitly.

The chapter also summarizes some of the problems encountered during pre-runs.

A. SCENARIO SETTING

The scenario setting used in this thess centers around Irag's invason of Kuwait
and Saudi Arabia a some time in the future. Faced with escdating socid and political
unrest, Saddem Husseln dirs up a series of activities in the name of a holy war againg the
western powers, hoping to srengthen his political postion and to gain support from the
other Arabs nations. In particular, he launches a mgor offendve agangt Kuwat and
Saudi Arabia with the immediate objective of gaining control of their mgor oil refineries.
In addition to an increase in oil prices, he hopes that a quick success will bring the Arab
nations to his side, and perhaps bring about a negotiated peace that would be more to his
advantage. However, the invason is met with drong resstance from the UN forces
defending Saudi Arabia, as wel as the Arab Gulf Codition forces defending Kuwait.
While the UN forces successfully repel the Iragi’s attack at the border of Saudi Arabia,
the Arab Gulf Codlition forces are unable to hold the Iragi forces at the northern border of
Kuwait. The Iragi forces punch through the defense line and advance 110 km southward.
Fortunately, the success of the defense by the UN forces provides sifficent time for the
UN to redirect their air power to the east. Reinforced by the air power of the UN forces,
the Gulf Codlition forces in Kuwat manage to hdt the Iragi’s advance. In fact, the few
days of continud ar drikes inflict subgtantid casudties on the Iragi forces greatly
disrupting their resupply operations. The UN forces thus decide to exploit the dtuation
and launch an offensve to destroy the Iragi forces in Kuwait's territory. The counter-
offengve involves three phases (see Figure 10):
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a Phase |: Insat a Szeable force into the enemy’s depth in the north to cut
off the enemy’ s withdrawad route.

b. Phase Il: Conduct a two-prong attack from the south and the west to
destroy the entrapped enemy.

C. Phase I1l: Mopping and flushing of remaning enemies out of Kuwat's
territory.
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Figure 10. Scenario Setting

As part of the offensive, a Marine Expeditionary Task Force is tasked to conduct
an amphibious assault & the northern beach of Kuwait to cut off the enemy’s withdrawa
route. In order to endble the landing of follow-on forces, a Marine Brigade is inserted by

ar into the enemy’s depth to capture a beachhead. This thess works on the scenario in
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which an infantry plaioon tries to capture pat of the beachhead objective by
dmultaneoudy attacking two of the enemy’s defended sectors while establishing a block
to deny the enemy reinforcements from the third sector.

B. METHODOLOGY

1 Modeling the Scenario

The man am of the andyss is to examine the effects of human factors on
combat outcomes. The emphasis is to consder how the agents behave in the face of the
enemy’s presence and fires, rather than the movement phase. Hence, when modding the
scenarios (see Appendix | for scenario file of smal force sze scenario), a dart state in
which the Red and the Blue are postioned close to each other, specificaly, within each
others sensor range but out of each other’s wegpon ranges, is given. Once the smulation
begins, the agents must immediately update their peers, leaders, and commanders on the
bettlefield dtuation, and dl of the agents must stat making decisons on ther maneuver
schemein order to achieve the overdl misson.

In dl of the scenarios modded, Red is given a VECTOR mission, and Blue a
TRAVEL misson. At the start dtate, the Red force has two of its sub-units defending two
frontal sectors, and a third sub-unit as the reinforcement force in the rear (see Figure 11).
The Red tacticl leader, who is the misson commander, is located in sector 1, as sector 1
is the key objective. The Blue force has two of its sub-units trying to capture the two
frontal sectors with the third sub-unit conducting a block.

To modd the Red force in defense, the two tacticO leaders in the defense sectors
ae made to reman dationay 0 tha the frontline agents under ther command will likely
not sray too far from the designated defense location, that is from their immediate
superior. However, the third tacticO leader, who is the reinforcement leader, can move as

fredy asdl of the frontline agents so that he can reinforce a sector requiring assistance.

Thethesslooks at two scenarios:
a Smal-szed forces, with atotal of 38 agents.
b. Large-sze forces, with atotd of 68 agents.
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In each of the scenarios, the ratio of the Red force to the Blue force is dways
15:1. Both the Red and the Blue forces are given the same vaues for dl parameters,
except for the Blue Pk and the Blue movement decison components.  While the values of
the movement decison components of the Red force are fixed a vaues to reflect a unit
with mediocre persondities, the vaues of the movement decison components of the Blue
force are varied within the ranges shown in Table 4. As will be explained in the next
section, the varidion in Table 4 dlows SOCRATES to modd agents of different
persondities. In addition to the movement decison components, the vaue of Blue PK is
adso varied between 0.1 and 0.2. Through these variations, the thess can examine how
unit coheson (by vaying the vadues of the movement decison components) and
cgpability (by varying the values of PK) affects the overdl capability of a force that is
inferior in Size than its adversary. The increase in the overdl force sze from a totd of 38
agents (smdl force Sze scenario) to a totd of 68 agents (large force sze scenario) adso

enables us to determine if the overdl force Sze affects the outcomes.
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Figure11. Start State of Scenario (Small Force Size)

28



2.

This thed's examines Sx factors atributing to unit cohesion:

a

b.

e.

f.

Modeling of Human Factors

Disgipline

Communication — Verticd and Horizontd

Leadership

Initidive

Trust

Homogenety of Unit

Of these ax factors, SOCRATES can only modd three explicitly: communication

(via communication devices that each agent is given), trust (via the commander trust

component), and homogenaity of unit (by setting the forces equdly).

The other three

factors are composed by varying the combinations of the vaue components in the

movement decison, as shown in Table 3 below:

Components | Cmdr Trust | Fmn totinWpnRng | tgtinSnskRng | outHostWpnRng | cmdrinSnskng
Discipline
Low 0.2 0.2 0.2 0.8 0.2
Moderate 05 05 05 05 05
High 08 08 08 0.2 08
Initiative
Low 08 0.8 02 02 02
Moderate 05 05 05 05 05
High 0.2 0.2 0.8 0.8 0.8
Table 3. Combination of Value Componentsto Model Human Factors Not

Explicitly Represented in SOCRATES

For example, an agent can be modeled as one of low discipline by setting the

values of the parameters shown in bold under the discipline factor.

Regardless of any

amount of trust that the agent has in his commander, the agent who is of low discipline is

envisaged to often disregard what he is being told, such as not maintaining the required

digance from his commander or obeying the movement formation given (low on both




formation and cmdrinSnsRng). He will dso generdly try to avoid any danger (low on
tgtiInWpnRng and tgtinSnskng, high on outHosWpnRng), despite orders for him to close
in and kill the enemy. Smilarly, an agent can dso be modded as one of high initiative
by the vaue settings shown in bold under the initiative factor. Such an agent is expected
to, on his own inititive, do what he deems fit on the ground rather than blindly obeying
every order his commander gives. When he sees some targets, he will make his own risk
and target priority assessments. He will aso decide on his own whether or not to kill the
targets and will decide which target to kill first, even though he may have been ordered to

move somewhere else, perhaps toward the misson goa postion.

However, the above approach contains some conflicts. A conflict of interest will
exis when one tries to modd an agent of low discipline and high initigtive, for example,
which vaues should the components tgtinWpnRng and tgtinSnsRng take—0.2 or 0.8?
Therefore, this thess assumes a reverse-engineering approach. Rather than corrdlate the
st of vaues of the decison components to the behaviors, smulaion runs will be
conducted by Smultaneoudy varying the vaues of the components ranging from the
lowest possble vaue to the highest. The outputs can then be mapped back to the values
of the decison components to derive any possible logicd patterns that can show what
kinds of persondities the agents have. Such patterns, if they exist, can be used in future
samulations to model agents with the appropriate type of characters.

3. Ranges of Parameters Used

While Table 6 proposes modeling three of the human factors by varying the vaue
components of the movement decison possbly between the range from 0.1 to 1.0,
sdecting extreme vaues for some components may cause undesired outcomes.  For
example, if the component outHosWpnRng (out of the enemy wegpon’s range) is given a
high-end vaue, the agents will dways try to avoid any enemy, and the smulation will
not have any engagements. Even if there might be some engagements due to the given
dat date (both sdes with some forces within each other’'s weapon range), the
engagements will be minimd as the agents will bresk away as soon as they can
Additiondly, if the component tgtinWpnRng (a target in wegpon range) is given a low-
end vdue, the agents will avoid dl enemies a dl times A saries of prdiminary runs
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were conducted prior to the production runs to determine suiteble ranges of vaues that
can be used. Table 4 beow shows the recommended ranges of values for the various

movement decision components to be used:

Components Minimum Value Maximum Value Notation Used
Commander Trust 0.1 1.0 Trust
Formation 0.1 1.0 Formation
tgtinWpnRng 0.4 1.0 TgtinWpn
tgtinSnskng 0.4 1.0 TgtinSns
outHostWpnRng 0.1 0.7 OutHostWpn
cmdrinSnsRng 0.2-0.3 10 CmdrinSns
Table4. Recommended Ranges of Values of the M ovement Decision

Componentsfor Intuitive Output in the Scenario

4, M easur es of Effectiveness (M OE)
Thisthess uses two MOES:

a The percentage of Blue killed (PercentBlueKilled)
b. The Fractional Exchange Ratio (FER)

The percentage of Blue killed, rather than the actua numbers, is used primarily so
that the outcomes from the different scenarios, which involve varying force szes, can be
compared on a common yadsick. While the percentage of Blue killed indicates the
amount of casudties, the second MOE, which is the FER, provides a sense of the
effectiveness of the Blue force, given different capabiliies and different levds of unit
coheson. These two MOEs (which will subsequently be addressed as the responses in
this thesis dthough they are computed from the direct output of SOCRATES) are chosen
because achieving one without the other in red operdions is not desrable. A unit
achieving a high FER but having a high percentage of its own troops killed will not be
able to proceed to further missions.
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5. Experimental Design

A Factorid Dedgn was sdected as the primary expeimentd method since it
works well when experiments are peformed to measure the effects of one or more
variables on a response [Ref 7], the response in this thess being the percentage of Blue
killed. Although a large number of runs is required for the Factoriad Design, the
avalability of the super computing power a the Maui High Peformance Computing
Center minimizes the time needed. For this thesis, a 2 x 2 x 3° factorid (or gridded)
design is gppropriate, as there are sx value components in the movement decison of
which the effect on the combat outcome is to be examined. The set of parameters to be
used are asfollows:

Components Min Value Max Value Delta
Size (totd) 38 68 30
Pk 0.1 0.2 0.1
Cmdr Trust 0.2 0.8 0.3
Formation 0.2 0.8 03
tgtinWpnRng 0.4 10 0.3
tgtinSnskng 04 1.0 0.3
outHostWpnRng 0.1 0.7 0.3
cmdrinSnsRng 0.2 0.8 0.3

Tableb. Combination of Valuesfor Farmable I nputs

A totd of 60 replications were made for each set of the above parameters. This
amounts to atotal of 174,960 runs, as shown below.

Tota number of runs = () * 2* 60* 2
= 174,960

Due to some data reading problems a Maui after their upgrading of SOCRATES
to the latest verson (2.2.1), a run of the smdl force-Sze scenario was made as a back up
usng the Virginia Cluster & MITRE, but with only 30 replications. In addition, a series
of runs were dso made usng a Latin Hypercube design [Ref 8] with the facility a NPS.
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In the Latin Hypercube run, two sets of 20 combinations of the parameters were
generated and 30 runs were made for each sat. A total of 4,800 data were collected (2
sets X 20 combinations x 30 runs x 2 sats of Pk x 2 scenarios). These data are andyzed
separatdy and compared with the outputs from Virginia and Maui. We want to see if the
different methods reach smilar conclusons.

6. Analytical Methods

The primary tool used in this thess is S-Plus.  For the Latin Hypercube design,
the reault is andyzed usng regresson and the Akaike Information Criterion (AIC) [Ref
9 method. With the smdl totd number of obsarvations S-PLUS can examine
interacting effects of up to eight leves of interactions before fitting a modd with the
lowest residual standard error. The Anadyss of Variance (ANOVA) [Ref 10] is used to
andyze the effects of each of the components under examinaion for the Factorid Design.
However, due to the memory limitation in S-Plus to handle higher order of interactions
for large data sets, the mean of every 10 replications of the data for Factorid Design is
used as the data input.

a. Normality Assumption of the Errors

For both MOEs, the following transformation is gpplied to responses in
order to meet the underlying assumptions of regresson [Ref 11]: Power transformation of
the PercentBlueKilled of order 2 in the Latin Hypercube Design, and a logarithmic
transformation of the FER by Log(FER+0.1) in both desgns. The latter transformation is
made so that it will be more robust againg the gtuation in which FER equds O, for
example, when none of the Red iskilled.

b. Examination of I nteracting Effects

The AIC and the ANOVA techniques are then used to perform the
andyss to determine the main and interacting effects for the Latin Hypercube and the
Factoriad Design respectively. It was noted that the AIC technique selects terms only up
to two-way interactions. Thus, only two-way interactions were being examined with
ANOVA in the Factoriad Desgn. Moreover, third order interactions and above generaly
are difficult to interpret [Ref 12]. In order to have a data Sze that is manageable by S

Plus, the mean of the every 10 replications for each treatment was used for the andysis.
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C. SOME INSIGHTS
In the process of conducting preliminary runs to fine-tune the scenarios and the

ranges of the values of the parameters, the following ingghts were obtained:

1. Randomization Problem
This problem surfaced when a scenario in which both the Red and the Blue forces

were equa in sze and capabilities was run. It was observed that in the twelve runs made,
the Red force won dl the time, despite the fact that both Red and Blue were equaly
matched. The odds of one side winning al of the 12 battles, if the forces are truly even,
IS
2x (1/2)* = 0.0004883

Thus, we concluded that something was wrong with the implementation. In the
scenario used, the random number seeds chosen were consecutive, and the value of Pk
was 0.8. It was laer redized that the unusud phenomenon was because consecutive
Seeds were used.

SOCRATES uses JAVA'’s pseudo-random number generator. Hence, it generates
random numbers that are based on the previous random numbers generated, thus
generding a dream. A test program written by the program designers found that if
consecutive seeds were used, it generates smilar vaues for the second number in the
stream (the seed being the firgt), and SOCRATES uses this second number to schedule a
wegpon event time for the first agent (AGENT 1). It is only &fter the second random
number that the stream diverges. Therefore, if the Red agent is the first agent entered in
the scenario input, as in the above scenario, and if the second random number so
generated favors Red in such a way that it will be the first to open fire, with a high vadue
of Pk such as 0.8, Blue will dways be unlikdy to survive the firg round of fire. For
example, if the second number generated by a seed 1234567 is 0.3, and 0.3 favors agent
1, which happens to be a Red agent, the Red agent 1 will fire the firgt shot. If a high Red
PK is used, say 0.8 as used in the above scenario, the Blue agents will likely be killed. As
such, Red will dways have the advantage, given a favoreble dtarting condition. If the
seed for the next run is 1234568, the second number generated will ill be 0.3, and Red
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will have the opportunity to fire the fird shot again. This explaned why Blue dways

losssin dl the cases mentioned above.

Further testing showed that if a random number seed of vaue zero is used,
SOCRATES will use the sysem clock as the random seed. This will produce better
randomization for sequentid runs, since the time window for the same Sream to be
produced usng the system clock is probably milliseconds. However, this implies that
any result produced using a random number seed generated from the system clock will
not be reproduceable.

2. Probability of Kill (Pk)

Because of the observed sendtivity to Pk, a separate preliminary scenario was
cregted to see whether the magnitude of the value of Pk used would affect the outcome.
In a test scenario, three Blue agents were made to engage eleven Red agents in a single
file, as shown in Figure 12. The obstruction was constructed to force both the Blue and
the Red agents to move toward each other insead of fanning out into formation, in which
the tacticO leeder and the frontline agents would move to points where the distance
between them and their tacticl commander is 0.8 of the commander’s sensor’s range. A
total of 80 replications were made for each sub-scenario and the results are tabulated in

Table 6.
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Figure 12. Scenario Used to Examine the Effect of the Pk on Combat

Outcome
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conrio| RePk | Bluepk | DR | o e
I 0.02 0.02 29 240
I 0.02 0.01 22 240
[l 0.2 0.2 146 240
v 0.2 0.1 73 240
Table6. Outcome of Single-file Engagement Scenario

Naturdly, if the Pk used is smal, and when Blue and Red have the same Pk, one
would expect that the Blue would have as many opportunities as the Red to return fire
and to inflict more casudties on the Red than when Blue's Pk is less than Red's. This is
exactly what happened in sub-scenarios | and [I.  Even though the Red was clearly twice
& lethd as the Blue in sub-scenario 11 than in sub-scenario |, the total number of Red
killed over the 80 runs in sub-scenario | and Il did not differ Sgnificantly. However, in
sub-scenarios 111 and 1V, when PK’s of a larger order of magnitude were used, there was a
clear difference in the totd number of Red killed. When Red was twice as lethd as Blue,
it killed Blue much fagter than it was being killed by Blue and hence suffered less

casudties. These results suggest that Pks above 0.1 produce more intuitive outcomes.

A related study conducted by MAJ Ashley Fry, CATDC, Audrdian Army, dso
showed that a good range for Pk is between 0.1 and 0.4. His study had two scenarios.
The first scenario was a symmetric one that had the same number of Blue and Red, and
both had the same capabiilities and dispositions. The second was asymmetric in terms of
numbers, capabilities and dispogtion (Figure 13 bddow). MAJ Fry ran the scenarios with
four sets of vaues for Pk, as shown in Table 7 below, each with 100 replications. His
output, dso in Table 7, shows that the number of Red and Blue wins were gpproximately
the same for the symmetric scenario, since the Red and the Blue were equaly capable.
However, in the asymmetric scenario when Red was more cgpable than Blue, the number
of Red wins only exceeded the number of Blue wins with a comfortable margin when Pk
3 0.1, and the results were consstent when 0.1 < Pk < 0.316. This indicates the suitable
range of Pk to be used. As aresult of the above two tedts, the Pk used in this thesis was
selected to be between 0.1 and 0.4.
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Figure 13. Asymmetric Scenario of MAJ Fry's Study
Pk 0.01 0.0316 0.1 0.316 1
Symmeric | #BlueWins 47 50 49 51 47
Scenario # Red Wins 52 48 50 43 38
Asymmdric | # Blue Wins 89 30 11 15 20
Scenario # Red Wins 8 55 86 78 71
Table7. Outcome of MAJ Fry’s Study on the Pk To Be Used

(Note: The unaccounted numbers are the ones with tied outcomes.)

3. Other Findings
The following are some other problems discovered during the prdiminary runs.
Their discovery helpsto improve SOCRATES for future use:

a The wegpon of akilled agent continuesto fire.
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The obgtruction inhibits only the movements of the agents, but not fires.

Whenever there is a tie between some of the movement dternatives, the
firg one consdered will aways be sdected for the agent, hence a biased
decison.

There was a datareading problem in Maui’s configuration when it
upgraded its verson to 2.2.1, which resulted in repetitive outputs, as the

inputs were unable to be read in. The problem was discovered and
rectified.
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V. RESULTS

This chapter presents the results obtained from both the Latin Hypercube and
Fectorid Dedggns. The sgnificant effects are determined, and the results from both the
Latin Hypercube and Factorid Desgns are compared. It should be noted that when
andyzing the data from the Latin Hypercube Desgn, the input varigbles of Size and Pk
were converted to factors in SPlus while the rest remained in numeric form. Wheress in
the Factoriad Dedgn, dl of input variables were converted to factors, except for the
responses.  In both designs, the basdine values for Sze and Pk are small force sze and

low PK respectively.

A. MOE 1. PERCENTAGE OF BLUE KILLED

1 Latin Hyper cube Design

Figure 14 below shows the qg-plot of the modd fitted on the data obtained using
the power transformation of order two on the response PercentBlueKilled. The plot
shows some wriggles that resemble a step function, which indicates that some of the
resduas clump about the same vaues rather than behaving linearly, as they would for a
normda didribution. The resdud plot in Figure 15 reveds further that the resduds
generdly exhibit a decreasing trend with respect to the ftted vaues, that is, the errors do
not have a common variance. Figure 16 depicts the corresponding histogram of the
resduds. From the figure, the resduds are clearly not normdly digributed, due to the
exigence of the two digtinct spikes. The data were broken down to determine the reason
for the anomdies. By breaking up the data according to the Pks, it is shown the talest
oike occurs when the resdua approximately equals zero, a low Pk. In dl of the
scenarios used, we have a smdl Blue force engaging a large Red force, and hence, it is
common to find a Stuation in which dl of the Blue agents are completely killed. This is
epecialy so when Pk is low. Therefore, when fitting a modd, the “best-fit” line tends to
be near large congregations of points, if not passing through them. As a reault, the
resduas a these points are small. This causes the tall spike a low resduds. When Pk
is high, due to the superior force ratio of the Red to the Blue there are ill many
occasons in which al of the Blues are totdly killed, and hence, the smdler pesk in the
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hisogram of the resdud around 0.3. Although the residuds are not normaly distributed,
the andyss will gill be adle to provide good indications as to which factors have
gonificant effects on the outcomes. However, the p-vaues associated with hypothesis
tests that assume normality will be dightly deviated from ther true vaues.

IhcBlueK.Im$resid

Quantiles of Standard Normal
Figure 14. QQ-plot of the PercentBlueKilled Model from the Latin
Hyper cube Design
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Figure 15. Residual Plot of the PercentBlueKilled M odel from the L atin
Hyper cube Design
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Figure 16. Histogram of the Residuals of the PercentBlueKilled M odel

from the Latin Hypercube Design

The modd was run usng the sepAlC function in SPus to include dl interaction
terms that make the AIC vaues low in the modd. Table 8 bdow shows the modd
deived. Of the eght man effects, only five are ggnificant a the 0.05 levd—Size, Pk,
Formation, TgtinSns, and OutHostWpn. In addition, dl the interacting terms are aso
datidticdly dgnificant. It is noted that the AIC method only sdected terms up to two-
way interaction. If we include only sgnificant main effects and interacting terms which
comprises the dgnificant main effects in them, as shown in bold, from Table 8, we will
obtan a modd that has a multiple R-squared vaue of 04676, which is jus a minute
reduction from 0.4738. The RSquared vaue alows us to compare how much of the tota
MOE variation is explaned by the modd. Hence, we can have a smpler modd without
losng much information on the variahility.

Next, anong the bolded terms, we can see that only the factor Size has a postive
coefficient among the ggnificant main effects.  Since MOE 1 measures the percentage of
Blue killed, one will expect to see a negative corrdation between the PercentBlueKilled
and the main effects, snce higher values of Pk, Formation, OutHostWpn, etc., will mean

41



more capable agents who will follow orders to move in formation, and not to stay close to
the enemy. However, when the overdl force Sze increases, Blues casudty rae
increases too, despite the fact that the force ratio between the Blue and the Red remains

the same. Thismay be asgn for the existence of some emergent behaviors.

Coefficients:
Value Std. Error t value Pr(>|t])

(I'ntercept) 1. 0002 0. 0515 19. 4338 0. 0000

Size 0.1202 0.0328 3.6690 0.0002

Pk -0.3881 0.0093 -41.9505 0.0000

Trust 0.0785 0.0435 1.8052 0.0711

Formati on -0.2431 0. 0611 -3.9811 0. 0001

Tgt | nWn 0.0340 0.0533 0.6383 0.5233

TgtInSns -0.0982 0.0478 -2.0550 0.0399

Qut Host Wn - 0. 1608 0. 0491 -3.2780 0.0011
OrdrinSns -0.1203 0.0626 -1.9206 0.0548

Size: Pk -0.0709 0.0131 -5.4216 0. 0000

For mati on: Tgt | nWn 0. 1861 0. 0691 2.6915 0. 0071
Size: Trust -0.0632 0.0240 -2.6333 0.0085

For mat i on: Cndr | nSns 0.1133 0. 0523 2.1683 0. 0302
Si ze: Formati on 0.0524  0.0240 2.1855 0.0289

Si ze: TgtInWn -0.0766  0.0361 -2.1207 0.0340
Trust: CmdrinSns -0.2390 0.0691 -3.4592 0.0005
Tgt I nSns: Odr | nSns 0. 2947 0. 1004 2.9365 0. 0033
Trust : Qut Host Wn 0.1896 0.0752 2.5200 0.0118

Resi dual standard error: 0.2266 on 4782 degrees of freedom
Mil tiple R Squared: 0.4738
F-statistic: 253.3 on 17 and 4782 degrees of freedom the p-value is O

Table8. AlC Mode for the PercentBlueKilled from the Latin Hyper cube
Design

2. Factorial Design

The daa is firs examined graphicaly usng the plot.desgn and plot.factor
functions in S-Plus. Figure 17 shows the plot of the mean of each treatment level. This
plot provides a clear initid indication that the Sze, Pk, TgtinWpn and OutHostWpn have
more digtinguishable effects than the other factors. The effects of the Trust, Formation,
TgtinSns, and CmdrinSns are minima  since the largest variaion of these four is not
greater than 0.5. This amdl variaion in the percentage of Blue killed will generdly not
have any physcd dgnificance, egpecidly in the context of the thess scope which looks
a amdl-scale combat. The followings are dso noted from the plot:

a When the totd force dze is large, the percentage of Blue killed is dso
higher, which seems contradictory to our initid indinct which believes
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that the mean percentage of Blue killed should be about congtant, if not
better, if the number of troops of Blue increases dthough mantaning the
sameforce rétio.

b. The percentage of Blue killed is high when the vadue of the TgtinWpn is
high.

C. The percentage of Blue killed is high when the vdue of the Pk or
OutHostWpn is low.
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Figure 17. Plot of Treatment Meansfor PercentBlueKilled from the

Factorial Design

The boxplot of the factors is next examined, as shown in Figures 18. In addition
to the same indications as the mean treatment plot shows, the boxplot aso displays the
variability of the data. It can be seen that for a large total force size and low Pk, there are
a large number of outliers. As a reault of the numerous low outliers, coupled with the
lack of high outliers, as the percentage of Blue killed is bounded by 1.0, we will expect to
see a negatively skewed digtribution of data and treatment means that are generaly below
the respective medians.
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Figures 19 and 20 shows the qg-plot and the resdud plot of the
PercentBlueKilled modd  respectively.
transformation is required in the Factorid Design. The two plots show that the resduds
ae normdly digributed and non-homoscedastic. the
demondrates a draight-line boundary a the upper right corner, which is a result of

Unlike the Lain Hypercube Dedgn, no

However, resdua plot
having the percentage of Blue killed equals 1, mostly occurring & low Pk. Despite some
unequa variances, we can Hill use the ANOVA technique to determine terms that have
ggnificant effects
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Figure 19. QQ-plot of the PercentBlueKilled Model from the Factorial

Design
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Figure 20. Residual Plot of the PercentBlueKilled Model from the

Factorial Design

The ANOVA reault for the PercentBlueKilled is shown in Table 9 bdow. The
very firs observation that one makes is the 56 percent of the total sum of squares that the
Pk accounts for. The Size, TgtinWpn and OutHostWpn are the other three factors that
ae daidicdly dgnificant and account for the large sum of squares.  Although the
remaning four man effects ae dso daidicdly ggnificant, ther smadl sum of squares
judtify their excluson from the modd. The above four main effects together with the
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SizeOutHosWpn and the TgtinWpn:OutHostWpn, the two sgnificant interacting terms
that have thelr sum of squares greater than 1 (al shown in bold in Table 9), can account
for 85.95 percent of the totd sum of squares. This modd is cetainly a much smpler
modd, losng only about 3.9 percent of information on the variability of the data

ANOVA TABLE FOR PERCENTBLUEKILLED

Terms Df Sum of Sq Mean Sq F value Pr(F) %Sum of Sq
Size 1 39.1286 39.1286 16120.56 0.0000 9.4146
Pk 1 232.8432 232.8432 95928.8 0.0000 56.0234
Trust 2 1.7764 0.8882 365.93 0.0000 0.4274
Formation 2 2.1229 1.0614 437.3 0.0000 0.5108
TgtinWpn 2 9.8187 4.9093 2022.59 0.0000 2.3624
TgtinSns 2 0.4819 0.241 99.27 0.0000 0.1159
OutHostWpn 2 55.0833 27.5417 11346.86 0.0000 13.2534
CmdrinSns 2 0.0632 0.0316 13.03 0.0000 0.0152
Size:Pk 1 0.589 0.589 242.67 0.0000 0.1417
Size:Trust 2 0.5659 0.283 116.58 0.0000 0.1362
Size:Formation 2 0.4378 0.2189 90.18 0.0000 0.1053
Size:TgtinWpn 2 1.6039 0.802 330.4 0.0000 0.3859
Size:TgtinSns 2 0.3031 0.1516 62.44 0.0000 0.0729
Size:OutHostWpn 2 13.8327 6.9164 2849.47 0.0000 3.3282
Size:CmdrinSns 2 0.0653 0.0326 13.44 0.0000 0.0157
Pk:Trust 2 0.0171 0.0086 3.53 0.0294 0.0041
Pk:Formation 2 0.0042 0.0021 0.87 0.4197 0.0010
Pk:TgtinWpn 2 0.007 0.0035 1.44 0.2374 0.0017
Pk:TgtinSns 2 0.0205 0.0103 4.22 0.0147 0.0049
Pk:OutHostWpn 2 1.249 0.6245 257.28 0.0000 0.3005
Pk:CmdrinSns 2 0.0328 0.0164 6.76 0.0012 0.0079
Trust:Formation 4 0.5398 0.135 55.6 0.0000 0.1299
Trust:TgtinWpn 4 0.6049 0.1512 62.3 0.0000 0.1455
Trust:TgtinSns 4 0.1125 0.0281 11.58 0.0000 0.0271
Trust:OutHostWpn 4 2.2263 0.5566 229.3 0.0000 0.5357
Trust:CmdrinSns 4 0.0016 0.0004 0.17 0.9555 0.0004
Formation:TgtinWpn 4 0.7061 0.1765 72.73 0.0000 0.1699
Formation:TgtinSns 4 0.0671 0.0168 6.91 0.0000 0.0161
Formation:OutHostWpn 4 2.3769 0.5942 244.82 0 0.5719
Formation:CmdrinSns 4 0.0054 0.0014 0.56 0.6945 0.0013
TgtinWpn:TgtinSns 4 0.0187 0.0047 1.93 0.1029 0.0045
TgtInWpn:OutHostWpn 4 6.5057 1.6264 670.07 0.0000 1.5653
TgtinWpn:CmdrinSns 4 0.0069 0.0017 0.71 0.5866 0.0017
TgtinSns:OutHostWpn 4 0.1428 0.0357 14.71 0.0000 0.0344
TgtinSns:CmdrinSns 4 0.0152 0.0038 1.57 0.1806 0.0037
OutHostWpn:CmdrinSns 4 0.0169 0.0042 1.74 0.138 0.0041
Residuals 17396 42.2244 0.0024 10.1594
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Total Sum of Sq 415.6177
Multiple R-Squared 0.8984

Table9. ANOVA Tablefor PercentBlueKilled

3. Comparison Between Latin Hyper cube and Factorial Design

A compaison is made between the terms that have sgnificant effects from the
two designs for MOE 1. It can be seen from Table 10 below that the Size and Pk, the two
terms with the grestest sum of squares, are common in both models. The only terms with
a large sum of squares that are sdected in ANOVA but not in AIC modd are the
SizeOutHostWpn and TgtinWpn:OutHostWpn. Based on the smplified AIC model
(see Table 13), the multiple R-squared value that can be achieved is 79.56 percent, if a
Full Factorid design were to be caried out. Thus, the Latin Hypercube Design is able to
fit a model consderably wel for MOE 1, with much fewer runs (4800 runs as compared
to 174,960 runsin Factoria Design.)

Terms Latin Hypercube Design Factorial Design %Sum of Square
Size * * 9.4146

Pk * * 56.0234
Formation * 0.5108
TgtinWpn * 2.3624
TgtinSns * 0.1159
OutHostWpn * * 13.2534
Size:Pk * 0.1417
Size:Formation * 0.1053
Size:OutHostWpn * 3.3282
TgtinWpn:OutHostWpn * 1.5653

Table 10. Comparison of the PercentBlueKilled Modd in Latin Hyper cube And

Factorial Design

B. MOE 2: FRACTIONAL EXCHANGE RATIO (FER)
1. Latin Hypercube Design
Figures 21 and 22 show the qg-plot and the resdud plot of the regresson model

respectively, obtained by applying a logarithmic transformation to FER. The qg-plot
shows that the resduas are normally didtributed except at the tall ends. The resdud plot
shows two digtinct blocks, one block belonging to the group of data with the low Pk, and
the other block belonging to the group with the high Pk. To enlarge the resduds, the
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resduas of one of the blocks (low Pk) are shown in Figure 23.

residuals are not homoscedastic.

It can be seen that the
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QQ-plot of the FER Modd from the Latin HypercubeDesign
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Residual Plot of the FER Mode from the Latin Hypercube
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Figure 23. Residual Plot of the FER Model at Low Pk from theLatin
Hyper cube Design

The gepAlC function is again used to find the modd with the lowest AIC vdue.

Table 11 ligs the terms chosen. It is shown that Size, Pk, and Formation are satisticaly
ggnificant. Of dl the 11 interacting terms liged, only eight are datidicdly sgnificant
(marked with an agterisk). Once again, if we include just the significant main effects and
the interacting terms that contain only the Sgnificant main effects as shown in bold, we
obtain a smpler modd that has five terms, one that has a multiple R-Squared value of
0.5008. This agan is negligibly differently from the full AIC modd that has a multiple
R-Squared value of 0.507.

The postive coefficients of the dgnificant main effects, such as the Pk and the
Formation, show that the FER increases as the vaues of these factors increase, except for
the Sze. In addition, the coefficient of the Pk is shown to be more than two times that of
the Formation, which will yied a higher return in FER. The Size agan has a negative
coefficient, which isin line with the initid observation on MOE 1 in the earlier modd.

Coefficients:
Value Std. Error t value Pr(>|t])

(I'ntercept) 0.2659 0.1438 1.8493 0.0645
Size -0.1326 0.0619 -2.1435 0.0321

Pk 0.7817 0.0296 26.3924 0. 0000

Trust -0.0529 0.0846 -0.6253 0.5318
Formation  0.3362 0.1048 3.2079 0.0013
TgtInWn -0.3240 0.1748 -1.8535 0.0639
Tgt I nSns 0.2068 0.1911 -1.0821  0.2793
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0.4277 on 4780 degrees of freedom

F-statistic: 258.8 on 19 and 4780 degrees of freedom

Table 11.

2. Factorial Design
Smilar to the PercentBlueKilled,
graphicdly usng S-Plus functiondity plots.  Figure 24 shows the plot of the trestment
means of the factors. The effects of Sze, Pk, and OutHostWpn clearly dominate the
others, which show dmost negligible effects.

the p-value is O

the data for the FER

AlC Mode for the FER from the Latin Hypercube Design

is firdg examined
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Plot of Treatment Meansfor FER from the Factorial Design

The boxplot in Figure 25 bdow shows smilar indications as the trestment mean
plot, that is, the Size, Pk, and OutHostWpn have greater effects than the other factors
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have. In addition, the boxplots show that there are far more high outliers than low
outliers, which means we will expect to see amore negatively skewed distribution.
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Figure 25. Boxplot of Factorsfor the FER from the Factorial Design

For the FER, a transformation of log(FER + 0.1) is agpplied to the responses. The
gg-plot and the resdud plot are shown in Figures 26 and 27 respectively. The linear
trend in the qg-plot indicates normdly distributed errors and the resdud plot shows non-
homoscedadticity. As can be seen from the resdud plot, smilar to the resdud plot of
the FER in the Latin Hypercube Design, the resduds are divided into two blocks, each
block corresponds to the responses of each Pk. In addition, there are strips of residual
grouping visudly, each of which might correspond to paticular set treatments.  Infering
that a pattern—reaing to one of the sub-objectives of the thesis to map the outputs to the
inputs to derive possble patens—might exist, a dealed sudy of the data was
conducted. However, only the two groups of data circled in green are didinctly different
from the others, as shown in the text boxes. Those data in the red box are a good mix,
except that they are distinguishable by their Pks.
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Figure 27. Residual Plot of the FER Modéd from the Factorial Design

The ANOVA Table for the FER is shown in Table 12. It is observed that the
Size, Pk, and OutHostWpn have the mogt sgnificant main effects, with Pk being the most
dominating. Its sum of sguares aone composed dmost 79.5 percent of the totd sum of
squares. These three terms account for 86.07 percent of the totad sum of sguares and can
describe the data sufficiently, since the sum of squares for the remaining man effects are
negligibly smdl. Although there are other interacting effects, their sum of squares are
aso smdl as compared to the three Sgnificant main effects.

ANOVA TABLE FOR FER

Terms Df Sum of Sg Mean Sq F value Pr(F) %Sum of Sq
Size 1 114.867 114.867 5109.8 0 3.3927
Pk 1 2690.367 2690.367 119679.8 0.0000 79.4621
Trust 2 0.759 0.379 16.9 0.0000 0.0224
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Formation 2 1.684 0.842 37.4 0.0000 0.0497
TgtinWpn 2 1.673 0.836 37.2 0.0000 0.0494
TgtinSns 2 2.311 1.155 51.4 0.0000 0.0683
OutHostWpn 2 109.019 54.51 2424.8 0.0000 3.2200
CmdrinSns 2 0.13 0.065 29 0.0560 0.0038
Size:Pk 1 4.061 4.061 180.7 0.0000 0.1199
Size:Trust 2 5.646 2.823 125.6 0.0000 0.1668
Size:Formation 2 3.174 1.587 70.6 0.0000 0.0937
Size:TgtinWpn 2 0.297 0.148 6.6 0.0014 0.0088
Size:TgtinSns 2 1.113 0.556 24.7 0.0000 0.0329
Size:OutHostWpn 2 29.332 14.666 652.4 0.0000 0.8663
Size:CmdrinSns 2 0.98 0.49 21.8 0.0000 0.0289
Pk:Trust 2 0.002 0.001 0 0.9626 0.0001
Pk:Formation 2 0.044 0.022 1 0.3729 0.0013
Pk:TgtinWpn 2 0.299 0.15 6.7 0.0013 0.0088
Pk:TgtinSns 2 0.119 0.059 2.6 0.0711 0.0035
Pk:OutHostWpn 2 0.768 0.384 171 0.0000 0.0227
Pk:CmdrinSns 2 0.064 0.032 14 0.2407 0.0019
Trust:Formation 4 2.673 0.668 29.7 0.0000 0.0789
Trust:TgtinWpn 4 0.64 0.16 7.1 0.0000 0.0189
Trust:TgtinSns 4 0.251 0.063 2.8 0.0246 0.0074
Trust:OutHostWpn 4 6.435 1.609 71.6 0.0000 0.1901
Trust:CmdrinSns 4 0.027 0.007 0.3 0.8793 0.0008
Formation:TgtinWpn 4 0.901 0.225 10 0.0000 0.0266
Formation:TgtinSns 4 0.135 0.034 15 0.2004 0.0040
Formation:OutHostWpn 4 7.423 1.856 82.6 0 0.2192
Formation:CmdrinSns 4 0.067 0.017 0.8 0.5577 0.0020
TgtinWpn:TgtinSns 4 0.42 0.105 4.7 0.0009 0.0124
TgtinWpn:OutHostWpn 4 7.824 1.956 87 0.0000 0.2311
TgtinWpn:CmdrinSns 4 0.109 0.027 1.2 0.3039 0.0032
TgtinSns:OutHostWpn 4 0.66 0.165 7.3 0.0000 0.0195
TgtinSns:CmdrinSns 4 0.121 0.03 13 0.2509 0.0036
OutHostWpn:CmdrinSns 4 0.273 0.068 3 0.0161984 0.0081
Residuals 17396 391.057 0.022 11.5502
Total Sum of Sq 3385.725

Multiple R-Squared 0.8845

Table 12. ANOVA Tablefor the FER from the Factorial Design
3. Comparison Between L atin Hyper cube and Factorial Design

A compaison is made between the terms that have sgnificant effects from the
two desgns for MOE 2, as shown in Table 13 bdow. The smplified AIC modd will
achieve a multiple R-Squared vaue of 0.8312, if a full Factorid Desgn were to be run.
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Again, the Latin Hypercube Design has shown that it is able to fit a modd consderably

wdl usng far fewer runs.

Terms Latin Hypercube Design Factorial Design  %Sum of Squares
Size * * 3.3927
Pk * * 79.4621
Formation * 0.0497
OutHostWpn * 3.2200
Size:Pk * 0.1199
Size:Formation * 0.0937
Table 13. Comparison of the FER Mode in Latin Hypercube and Factorial
Designs

C. COMPARISON BETWEEN VIRGINIA AND MHPCC’SOUTPUTS
As mentioned in Chapter 111, a set of data for the smal force Sze scenario was

collected a Virginia Clugter (VC) as a backup due to the initial data reading problem a
MHPCC. The data were used together with the output of the large force Sze scenario
from the MHPCC in the initid andysis However, when some irregularities occurred in
the resdud plot of the linear modd obtained, additional data for the smdl force sze
scenario was generated a8 MHPCC, and the output was compared with the output from
the Virginia Cluger.  Using only the data for the small force Sze, a linear modd was fit
on the data from both the Virginia and the MHPCC, with each of the resdua plots shown
in Figures 28 and 29 regpectivdly. The two figures clearly show data of a different
nature.  Subsequently, two methods were used to compare the outputs. a two-sample t
test and an ANOVA.
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Figure 29. Residual Plot of the FER Mode for Small Force Size Scenario
from MHPCC’s Output

1 Two-sample T-T est

Tables 14 and 15 bedow show the results of the two-sample t-test for the
PercentBlueKilled and the FER using the raw data, both tests assuming equa variances.
The use of the raw data will produce a more accurate result. The ttests concluded that
while there is no datigticd difference between the Virginia and MHPCC's outputs for
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FER, there is a datidicadly dgnificant difference between the two outputs for
PercentBlueKilled. However, the difference between 0.78 and 0.774 is not practicdly

sgnificant.

t-Test for PercentBlueKilled: Two-Sample Assuming Equal Variances

PercentBlueKilled MHPCC

PercentBlueKilled VC

Mean

Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

0.779968278 0.774154092
0.05164929 0.0535291
43740 43740
0.052589195
0
87478
3.749428337
8.86761E-05
1.64487119
0.000177352
1.959992915

Sincet Stat of 3.749>1.96, reject Hy, i.e., thereisa difference between thetwo outputs.

Table 14.

Result of T-test for PercentBlueKilled

t-Test: Two-Sample Assuming Equal Variances

FER_MHPCC FER VC
Mean 1.137853556 1141652869
Variance 1.000017544 0.926914238
Observations 43740 43740
Pooled Variance 0.963465391
Hypothesized Mean Difference 0
df 87478
t Stat -0.572415416
P(T<=t) one-tail 0.283521023
t Critical one-tail 1.64487119
P(T<=t) two-tail 0.567042045
t Critical two-tail 1.959992915
Sincet Stat of -0.572>-1.96, accept Hy, i.e., thereis no difference between the two outputs.
Table 15. Result of T-test for FER
2. ANOVA

Table 16 below compares the outputs of the Virginia Cluster and the MHPCC, for
both MOEs. The main obsarvation made is that the effect of Pk is inggnificant in the
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Virginids output, whereas the effect of Pk in the MHPCC's output is consstent with the

results shown earlier in the Latin Hypercube and Factorid Desgns, that not only is the
effect of Pk dways dominating the effects of the other factors, it dominaes by a large
anount. The cause of the indgnificant effect of Pk in the Virginids output remans

undetermined.
PercentBlueKilled FER
VC MHPCC VC MHPCC
Terms Df [Sum of Sq| Pr(F) Sum of Sq Pr(F) Sum of Sq Pr(F) [Sum of Sq| Pr(F)
Pk 1 0.002 ]0.8655655| 1172.653 0 0.05 0.674379 | 6616.15 0
Trust 2 840.26 0 27.787 0 4971.71 0 39.46 0
Formation 2 613.721 0 32.581 0 1607.72 0 42.09 0
TgtinWpn 2 2.588 0 98.521 0 37.64 0 4.84 0.000098
TgtlnSns 2 16.072 0 7.064 0 141 0.0715074| 11.7 0
OutHostWpn 2 3.042 0 645.639 0 2.3 0.0136822| 406.19 0
CmdrInSns 2 5.491 0 0.54 0.0063171 4 0.0005765| 6.43 |0.0000047
Pk:Trust 2 0.075 ]0.5215888 0.017 0.8501824 0.82 0.2172026| 0.28 |0.5883674
Pk:Formation 2 0.298 |0.0756615 0.017 0.8527861 1.55 0.0549331| 0.38 [0.4841551
Pk:TgtInWpn 2 0.122 |0.3479416 4.504 0 0.24 0.636 3.94 |0.0005405
Pk:TgtInSns 2 0.672 |0.0029305 0.131 0.2929654 0.59 0.3342848| 0.78 [0.2251958
Pk:OutHostWpn 2 2.809 0 3.64 0 6.35 0.0000071| 6.19 |0.0000074
Pk:CmdrInSns 2 14.82 0 0.398 0.0239753 7.95 0.0000004| 0.66 0.285562
Trust:Formation 4 188.952 0 1.12 0.0003186 | 1095.52 0 1.57 ]0.1997013
Trust:TgtinWpn 4 12.906 0 0.363 0.1461572 119.91 0 2.3 0.067162
Trust:TgtInSns 4 3.047 0 0.424 0.0933932 16.33 0 0.41 |0.8172562
Trust:OutHostWpn 4 0.054 ]0.9185402| 11.924 0 0.33 0.8754123| 13.81 0
Trust:CmdrInSns 4 0.071 |0.8733332 0.035 0.9574468 0.27 0.9079565| 0.39 [0.8316998
Formation: TgtInWpn 4 233.7 0 0.225 0.3777403 107.54 0 3.27 |0.0142042
Formation:TgtInSns 4 30.912 0 0.472 0.0652118 14.08 0 0.18 |0.9506168
Formation:OutHostWpn| 4 3.848 0 11.573 0 0.99 0.4500256| 16.16 0
Formation:CmdrlnSns 4 0.701 ]0.0161561 0.097 0.7678432 2.7 0.038944 0.2 0.9442865
TgtinWpn:TgtInSns 4 8.771 0 1.2 0.00016 38.83 0 7.73 0.0000062
TgtInWpn:OutHostWpn| 4 1.156 [0.0004874 54.06 0 11.31 0 29.28 0
TgtinWpn:CmdrinSns 4 0.198 |0.4869222 0.269 0.2830576 0.76 0.5834155| 0.57 [0.7056275
TgtInSns:OutHostWpn 4 58.203 0 1.681 0.0000024 9.24 0.0000006| 3.37 |0.0118844
TgtInSns:CmdrinSns 4 6.252 0 0.493 0.0551691 1.24 0.329003 1.75 |0.1544071
OutHostWpn:CmdrinSns| 4 10.632 0 0.742 0.007589 5.82 0.0002281| 0.52 [0.7394914
Total 43654] 2515.914 2328.647 11693.36 11437.16

Table 16.

Comparison of Significant Effects Between Outputs of Virginia
Cluster and MHPCC for Both MOEs
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V. CONCLUSIONS

The ongoing revolution in militay &fars is trandorming militay wafare.
Modern combat sysems are increesngly more effective and complex to operate.
Nonethdless, their complexities cannot be compared to the complexity of humen
behaviors. SOCRATES, like other agent-based models developed under Project Albert,
attempts to capture some of these behaviors. The intent of this thess was to sudy,
through SOCRATES, how human factors affect combat outcomes and to gan some
answers to the questions stated in Chapter I. The primary findings are now summarized.

A. RANGE OF PARAMETERSTO BE USED

It has been shown that it is important for the gppropriate range of parameters to be
used in the inputs to obtain intuitive outcomes. This gpplies not only to both the vaue
components of the movement decison component and the Pk, it aso applies to the
tacticO and tacticl decison components, which were not examined in this thess  The
thess has aso shown that the recommended vaues for the vaue components of the
movement decison tabulated in Table 4, as well as values of the Pk between 0.1 and 0.4,
should be used when modeling a scenario of smilar nature.  The vaue of Pk used is
especidly important as its effect was shown to be highly sgnificant, generdly accounting
for more than 50 percent of the total sum of squares.

B. COMPARISON BETWEEN LATIN HYPERCUBE AND FACTORIAL
DESIGNS

The outcomes on the sgnificant effects obtained from both the Latin Hypercube
Desgn and the Factorid Desgn ae summarized in Table 17 bdow. The multiple R-
Squared vaue is the vaue that would be obtained if the mode shown were used to fit
data from a full Factorid Dedgn of 2 scenarios x 2 Pks x 3 leves for the sx vaue
components of the movement decison. The thesis has shown tha the Lain Hypercube
Dedgn can provide sufficient data for the user to determine factors that have important
effects and obtain a modd that can fit the data consderably wel with much fewer runs
than a Factorid Design requires.
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MOE 1: PercentBlueKilled MOE 2: FER

Terms Latin Hypercube Factorial Latin Hypercube Factorial

Size * * * *

Pk * * * *

Formation * *

TgtinWpn *

TgtinSns *

OutHostWpn * * * *

Size:Pk *

Size:Formation * *

Size:OutHostWpn * *

TgtinWpn:OutHostWpn *

Multiple R-Squared 0.7956 0.8595 0.8312 0.8607
Table 17. Summary of Comparison of Significant Effectsfor the Latin

Hypercube and Factorial Designs

C. RELATIONSHIPS BETWEEN SIZE, PK, FORMATION AND
OUTHOSTWPN

From Table 17, since the factors Size, Pk, Formation, and OutHostWpn are shown
to be ggnificat in dl of the modds, it may be worthwhile to look a the rdationship
between each of them. This was done by using the Vigtool, a feature of SOCRATES that
dlows the usr to view the inter-reationships between any three factors a a time.
Figures 30 and 31 show the three-dimensiond plot of Pk, Formation, and OutHostWpn
for the smal and large force size respectively. The Pk and the OutHostWpn factors are
plotted dong the two horizonta axes, and the third factor of Formation being varied
usng the diding scde on the left. The veticd axis digplays the number of Blue
(indirectly the percentage of Blue killed) and Red killed, each represented by the Blue
and the Red colored planes respectively.  The following are noted:

a When the Pk is low: Both figures show that the mgority of the Blue are
killed.

b. When the formation factor equas 0.2 and when Pk is high: In the smal

force dze scenario, the number of Blue killed is the lowest when the
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OutHostWpn is low. The same reault is obtained for mid and high levels
of the Formation factor. However, when the force size is large, the lowest
percentage of Blue killed occurs a the mid vaue of the OutHostWpn. It
is dso seen (result not displayed) that the lowest percentage of Blue killed
occurs a either the mid or high levd of OutHostWpn regardiess of the
levels of the Formation factor.

This observation suggests that when the overal force sze is smdl, and if the Blue
is nore capable, it will be to Blue's advantage to be more aggressive in order to optimize
its superior cgpability. However, when the total force Sze is large, being overly
aggressve may lead to a higher casudty rate for Blue than if it is not overly aggressive,
despite its superior capability. This phenomenon might be attributed to the reason that
when the overdl force sze is large, that after each exchange of fire there are more Red
survivors who can return fire.  The higher percentage of Blue killed when the tota force
gze is large (as shown in Figure 17) can thus be explaned. This may dso indicae the
existence of some emergent behaviorsthat only appear at alarger force size.

D. HOW CAPABLE MUST BLUE BE?

Although Figures 30 and 31 do not show the full range of the factors, they provide
aufficient indication that by being twice as lethd as the Red, the Blue can achieve a
higher FER (rdative comparison of the gaps between the number of Blue and Red killed
a low and high Pk). It can be seen that a high Pk, the percentage of Blue killed, or the
number of Blue killed, can be reduced by about 50 percent or more (there are a tota of 16
and 28 Blue agents in the smal and large force Sze scenarios respectively.) As it has
been suggested, some emergent patterns may exist. The Pk may need to be increased
disproportionately to achieve the same reduced attrition rate, that is, 50 percent or less, if
the totd force Sze is increased. Of course, this required increment in the Pk may vary

with the scenario.
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Figure 30. Three-dimensional Plot of the Relationships Between the Pk,
Formation (=0.2) and OutHostWpn for Small Total Force Size
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Figure 31. Three-dimensional Plot of the Relationships Between the Pk,

Formation (=0.2) and OutHostWpn for Large Total Force Size
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E. DIFFERENCE BETWEEN MHPCC AND VIRGINIA CLUSTER'S
OUTPUTS

The t-tests and the ANOVA in Chapter IV show that there are possble
differences between the outputs of MHPCC and Virginia Cluser on the same scenario.
In the output of Virginia Cluster, the Pk appeared to be an inggnificant factor, which is
contrary to the concluson from the MHPCC's output. The reason for the didtinct
difference in theimportance of Pk cannot be ascertained in thisthess.

F. SOCRATESEVALUATION
In addition to the above-mentioned findings, the thess has dso served its

objective of evaduating SOCRATES to hdp refine it. The following problems were
uncovered:

a The weapon of akilled agent continuesto fire.

b. The obgruction inhibits only the movements of the agents, but does not
inhibit firing.

C. Whenever there is a tie between some of the movement dternatives, the

first one congdered will dways be sdected for the agent, hence producing
abiased decison.

d. There was a datareading problem in Maui’'s configuration when it
upgraded its verson to 2.2.1, which resulted in repetitive outputs, as the
inputs were unable to be read in. The problem was discovered and
rectified.
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V. RECOMMENDATIONS

The following is a lig of recommendations for SOCRATES for possble future

research:

a SOCRATES Deveopment:

Employment of Weapon: The priority in the employment of
wespon in the present verson of SOCRATES is based on the Pk,
rather than on the effectiveness. If an agent is equipped with two
different types of wegpons, the wegpon with the highest Pk will be
sdected, regardiess of the type of target he is engaging. This will
result in unsound wegpon employment if more than one type of
weapon is modeled in a scenario.  For example, an agent equipped
with an anti-tank guided missle wegpon system and an M16 will
shoot an enemy on foot with the anti-tank weapon system rather
than the M16, since the Pk of the anti-tank guided missile wegpon
system is much higher than the M16. A provison should be made
to tag a type of wegpon to specific targets so that the agents can
only sdect a wegpon with the highest Pk among a list of weapons
appropriate for that target.

Selection of Pk: The Pk used in this thess is derived from the
results of the preiminary runs. The vaue of the Pk is sdected so
that the runs produce intuitive outcomes in the scenario modeled,
indead of basng the vaue on the engineering data of the actud
wegpon system.  This will result in a subjective Pk being selected,
and may affect the vdidation of SOCRATES in future.

Bias in Alternative Selection in Decision-Making: Currently,
there is a bias in the sdection of the best dternaive in the
movement decison. Whenever there is a tie in the scores between
some of the dternatives, the firs best adternative being consdered
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will dways be sdected to be the best decison, and the sequence of
condderation is adways the same. To minimize this bias a
modification can be made so that either an dternative is sdected
randomly, or the one that bet mees the overdl misson
requirement among the tied dternatives, is chosen as the best
decison.

Fire Obgruction: The present obstacles in SOCRATES only
inhibit movement. This festure can be modified to include fires so
that urban warfare can be modeled in SOCRATES.

b. Experimentd Design:

Full Factorial Desgn: In the Factoriad Desgn, the Size and Pk
have only two levels, while the remaining sx factors have three
levdls.  This unbaanced number of leves of factors makes the
breakdown of the sum of squares due to the possible linear and
quadrdic effects of each term more difficult. In a follow-on study,
additiona runs can be made using another force sze (median) and
Pk (0.15). Combining this set of data with those aready generated
will meke the design a full 3® factorid design. Then, Yae's
agorithm [Ref 12] can be used to breskdown the sum of squares
for the exploration of the polynomid effects of each term.

C. Andyss

Exploration of Polynomial Effects: As mentioned in b(i) above,
the polynomid effects of each term can be explored usng the
Y ate' s dgorithm to breakdown the sum of square.

Significant Effect of Variables on MOESs: Tukey’s procedure can

be used to smultaneoudy test dl par-wise means for dsgnificant

differences with a specified overdl type | error rate. Doing so will

provide indght into which paameters have a dgnificant effect on

the MOEs. With this andyss, the output can then be mapped back
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to the vaues of the decison components to derive any posshble
logicd petterns that can show the effects of different agent
personalities. These persondities may be able to be related to the

factors attributing to unit cohesion.

Future Research:

Exploration of More Force Sizes for Emergent
Patterns. The thess managed to examine only two force
gze levds for possble emergent paterns.  More levels of

force 9ze can be examined.

Effects of Trandtion Width of the Value Components:
In this thess, only the priorities in the vaue components of
the movement decison were examined. Future exploration
may include looking & the effects of the trangtion width of
each vaue component, just as the priorities were examined.
The exploration can dso be extended to include the
tacticO/tacticl decisons.
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APPENDIX |. SCENARIO FILE FOR SMALL FORCE SIZE

<?ml version="1.0" encoding="UTF-8"?>
<specification>
<dataFarmingBlock>Data Farming information</dataFarmingBlock>
<l-- Farmable inputs-->
<Sensor>
<name>BlueSensor</name>
<range>300.0</range>
<frameTime>1.0</frameTime>
<timeout>20.0</timeout>
</Sensor>
<Sensor>
<name> BlueCommanderSensor </name>
<range>300.0 </range>
<frameTime> 1.0 </frameTime>
<timeout> 20.0 </timeout>
</Sensor>
<Weapon>
<name>BlueWeapon</name>
<range>250.0</range>
<radius>0.2</radius>
<pK>0.2</pK>
<frameTime>1.0</frameTime>
</Weapon>
<Movement>
<name>BlueM ovement</name>
<maxSpeed>3.0</maxSpeed>
<frameTime>0.1</frameTime>
</Movement>
<MovementComponents>
<name>BlueM ovementComponents</name>
<commander Trust>0.574</commander Trust>
<l-- |abel, importance multiplier, width, endL abel -->
<formation>0.526 50.0</formation>
<tgtlNWpnRng>0.684 200.0</tgtln"WpnRng>
<tgtlnSnsRng>0.968 200.0</tgtInSnsRng>
<outHostWpnRng>0.163 200.0</outHostWpnRng>
<cmdrlnSnsRng>0.147 200.0</cmdrinSnskng>
</MovementComponents>
<TacticOComponents>
<name>BlueTacticOComponents</name>
<formation>0.8</formation>
<l-- |abel, importance multiplier, width, endLabel -->
<cmdrInSnsRng>0.8 200.0</cmdrlnSnsRng>
<gpacing>0.6 200.0</spacing>
<hold>0.8 200.0</hold>
<observe>0.7 500.0</observe>
<evade>0.3 2</evade>
<notBeSurrounded>0.4 0.1</notBeSurrounded>
<attack>0.8 200.0</attack>
<amass>0.8 0.8</amass>
</TacticOComponents>
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<Sensor>
<name>RedSensor</name>
<range>300.0</range>
<frameTime>1.0</frameTime>
<timeout>20.0</timeout>
</Sensor>
<Sensor>
<name> RedCommanderSensor </name>
<range>300.0 </range>
<frameTime> 1.0 </frameTime>
<timeout> 20.0 </timeout>
</Sensor>
<Weapon>
<name>RedWeapon</name>
<range>250.0</range>
<radius>0.2</radius>
<pK>0.1</pK>
<frameTime>1.0</frameTime>
</Weapon>
<Movement>
<name>RedM ovement</name>
<maxSpeed>3.0</maxSpeed>
<frameTime>0.1</frameTime>
</Movement>
<Movement>
<name>RedStop</name>
<maxSpeed>0.01</maxSpeed>
<frameTime>1000</frameTime>
</Movement>
<MovementComponents>
<name>RedM ovementComponents</name>
<commander Trust>0.5</commanderTrust>
<l-- |abel, importance multiplier, width, endLabel -->
<formation>0.5 50.0</formation>
<tgtlnWpnRng>0.7 200.0</tgtinWpnRng>
<tgtlnSnsRng>0.7 200.0</tgtlnSnsRng>
<outHostWpnRng>0.4 200.0</outHostWpnRng>
<cmdrlnSnsRng>0.5 200.0</cmdrIinSnskRng>
</MovementComponents>
<TacticOComponents>
<name>RedT acticOComponents</name>
<formation>0.5</formation>
<I-- |abel, importance multiplier, width, endLabel -->
<cmdrinSnsRng>0.5 200.0</cmdrlnSnsRng>
<spacing>0.6 200.0</spacing>
<hold>0.8 200.0</hold>
<observe>0.5 500.0</observe>
<evade>0.3 4</evade>
<notBeSurrounded>0.4 0.1</notBeSurrounded>
<attack>0.5 200.0</attack>
<amass>0.5 0.5</amass>
</TacticOComponents>
<I-- Non-farmable Inputs -->
<CommbDevice>
<name>Bluel</name>
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<range>500.0</range>
<channels>1</channel s>

</CommDevice>

<CommbDevice>
<name>Blueland2</name>
<range>1500.0</range>
<channels>1 2</channels>

</CommDevice>

<CommbDevice>
<name>Blue2</name>
<range>1500.0</range>
<channels>2</channels>

</CommDevice>

<CommbDevice>
<name>Red3</name>
<range>500.0</range>
<channels>3</channels>

</CommDevice>

<CommbDevice>
<name>Red3and4</name>
<range>1500.0</range>
<channels>3 4</channels>

</CommDevice>

<CommbDevice>
<name>Red4</name>
<range>1500.0</range>
<channels>4</channels>

</CommDevice>

<agent>
<name>blueGrunt</name>
<side>BLUE</side>
<sensors>BlueSensor</sensors>
<weapons>BlueWeapon</weapons>
<commDevices>Bluel</commDevices>
<movement>BlueM ovement</movement>
<decisions>viewSensors weaponT arget weaponkire movement</decisions>
<movementComponents>BlueM ovementComponents</movementComponents>
<comml nterval>20.0</comminterval>
<targetVaue>1.0</targetVaue>

</agent>

<agent>
<name>redGrunt</name>
<side>RED</side>
<sensors>RedSensor</sensors>
<weapons>RedW eapon</weapons>
<commDevices>Red3</commDevices>
<movement>RedM ovement</movement>
<decisions>viewSensors weaponT arget weaponkire movement</decisions>
<movementComp onents>RedM ovementComponents</movementComponents>
<comml nterval >20.0</comminterval>
<targetVaue>1.0</targetVaue>

</agent>

<agent>
<name>bluel eader</name>
<side>BLUE</side>
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<sensors>BlueSensor</sensors>
<weapons>BlueWeapon</weapons>
<commDevices>Blueland2</commDevices>
<movement>BlueM ovement</movement>
<decisions>viewSensors weaponTarget weaponFire movement tacticO</decisions>
<movementComponents>BIlueM ovementComponents</movementComponents>
<tacticOComponents>BlueT acticOComponents</tacticOComponents>
<comml nterval >20.0</comminterval>
<targetValue>5.0</targetValue>
</agent>
<agent>
<name>redL eader</name>
<side>RED</side>
<sensors>RedSensor</sensors>
<weapons>RedWeapon</weapons>
<commDevices>Red3and4</commDevices>
<movement>RedStop</movement>
<decisions>viewSensors weaponTarget weaponFire movement tacticO</decisions>
<movementComponents>RedM ovementComponents</movementComponents>
<tacticOComponents>RedT acti cOComponents</tacticOComponents>
<comml nterval >20.0</comminterval>
<targetValue>5.0</targetValue>
</agent>
<agent>
<name>redL eaderReinf</name>
<side>RED</side>
<sensors>RedSensor</sensors>
<weapons>RedWeapon</weapons>
<commDevices>Red3and4</commDevices>
<movement>RedM ovement</movement>
<decisions>viewSensors weaponTarget weaponFire movement tacticO</decisions>
<movementComponents>RedM ovementComponents</movementComponents>
<tacticOComponents>RedT acticOComponents</tacticOComponents>
<comml nterval >20.0</comminterval>
<targetVaue>5.0</targetVaue>
</agent>
<agent>
<name>blueCommander</name>
<side>BLUE</side>
<sensors>BlueCommander Sensor</sensors>
<weapons>BlueWeapon</weapons>
<commbDevices>Blue2</commDevices>
<movement>BlueM ovement</movement>
<decisions>viewSensors weaponTarget weaponFire movement tacticl</decisions>
<movementComponents>BIlueM ovementComponents</movementComponents>
<comml nterval >20.0</comminterval>
<targetValue>10.0</targetVaue>
</agent>
<agent>
<name>redCommander</name>
<side>RED</side>
<sensors>RedCommander Sensor</sensors>
<weapons>RedWeapon</weapons>
<commDevices>Red4</commDevices>
<movement>RedStop</movement>
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<decisions>viewSensors weaponTarget weaponFire movement tacticl</decisions>
<movementComponents>RedM ovementComponents</movementComponents>
<comml nterval >20.0</comminterval>
<targetVaue>10.0</targetValue>
</agent>
<l--Engagement specification -->
<scenario>
<endTime>1200.0</endTime>
<!--Blue Force -->
<!--Blue section 1 -->
<agent>
<index>1</index>
<name>blueGrunt</name>
<position>-800.0 -1000.0 0.0</position>
<velocity>2.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>2</index>
<name>blueGrunt</name>
<position>-800.0 -950 0.0</position>
<velocity>2.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>3</index>
<name>blueGrunt</name>
<position>-800.0 -900 0.0</position>
<velocity>2.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>4</index>
<name>blueGrunt</name>
<position>-800.0 -850 0.0</position>
<velocity>2.0 0.0 0.0</vel ocity>
</agent>
<!--Blue section 1 L eader -->
<agent>
<index>5</index>
<name>bluel eader</name>
<position>-900.0 -925 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
<subordinates>1 2 3 4</subordinates>
</agent>
<!--End of Blue section 1 -->
<!--Blue section 2 -->
<agent>
<index>6</index>
<name>blueGrunt</name>
<position>400.0 -75.0 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
</agent>
<agent>
<index>7</index>
<name>blueGrunt</name>
<position>400.0 -25 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
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</agent>
<agent>
<index>8</index>
<name>blueGrunt</name>
<position>400.0 25 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
</agent>
<agent>
<index>9</index>
<name>blueGrunt</name>
<position>400.0 75 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
</agent>
<!--Blue section 2 L eader -->
<agent>
<index>10</index>
<name>bluel eader</name>
<position>300.0 0 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
<subordinates>6 7 8 9</subordinates>
</agent>
<!--End of Blue section 3 -->
<!--Blue section 3 -->
<agent>
<index>11</index>
<name>blueGrunt</name>
<position>-800.0 1000.0 0.0</position>
<velocity>2.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>12</index>
<name>blueGrunt</name>
<position>-800.0 950 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
</agent>
<agent>
<index>13</index>
<name>blueGrunt</name>
<position>-800.0 900 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
</agent>
<agent>
<index>14</index>
<name>blueGrunt</name>
<position>-800.0 850 0.0</position>
<velocity>2.0 0.0 0.0</vel ocity>
</agent>
<!--Blue section 3 Leader -->
<agent>
<index>15</index>
<name>bluel eader</name>
<position>-900.0 925 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
<subordinates>11 12 13 14</subordinates>
</agent>
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<!l--End of Blue section 3 -->
<!--Blue Commander -->
<agent>
<index>16</index>
<name>blueCommander</name>
<position>-1000.0 -925 0.0</position>
<velocity>2.0 0.0 0.0</velocity>
<subordinates>5 10 15</subordinates>
<mission>
<type>TRAVEL</type>
<position>-300-700.0 0.0</position>
<velocity>2.0 0.0 0.0</vel ocity>
</mission>
</agent>
<!l--End of Blue Force -->
<!--Red Force -->
<!--Red section 1 -->
<agent>
<index>17</index>
<name>redGrunt</name>
<position>-500.0 1000 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>18</index>
<name>redGrunt</name>
<position>-500 950 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>19</index>
<name>redGrunt</name>
<position>-500.0 900.0 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>20</index>
<name>redGrunt</name>
<position>-500.0 850 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>21</index>
<name>redGrunt</name>
<position>-500.0 800 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>22</index>
<name>redGrunt</name>
<position>-500.0 750 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
</agent>
<!--Red section 1 L eader -->
<agent>
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<index>23</index>
<name>redLeader</name>
<position>-400.0 875 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
<subordinates>17 18 19 20 21 22</subordinates>
</agent>
<!--End of Red section 1 -->
<!--Red section 2 -->
<agent>
<index>24</index>
<name>redGrunt</name>
<position>700.0 125 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>25</index>
<name>redGrunt</name>
<position>700.0 75 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>26</index>
<name>redGrunt</name>
<position>700.0 25 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>27</index>
<name>redGrunt</name>
<position>700.0 -25 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>28</index>
<name>redGrunt</name>
<position>700.0 -75 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>29</index>
<name>redGrunt</name>
<position>700.0 -125 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<!--Red section 2 Leader -->
<agent>
<index>30</index>
<name>redL eaderReinf</name>
<position>800.0 0 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
<subordinates>24 25 26 27 28 29</subordinates>
</agent>
<!--End of Red section 2 -->
<!--Red section 3 -->
<agent>
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<index>31</index>
<name>redGrunt</name>
<position>-500.0 -750.0 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>32</index>
<name>redGrunt</name>
<position>-500.0 -800.0 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>33</index>
<name>redGrunt</name>
<position>-500.0-850.0 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>34</index>
<name>redGrunt</name>
<position>-500.0 -900.0 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<agent>
<index>35</index>
<name>redGrunt</name>
<position>-500.0-950.0 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
</agent>
<agent>
<index>36</index>
<name>redGrunt</name>
<position>-500.0 -1000.0 0.0</position>
<velocity>0.0 0.0 0.0</velocity>
</agent>
<!--Red Section 3 Leader -->
<agent>
<index>37</index>
<name>redL eader</name>
<position>-400 -875 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
<subordinates>31 32 33 34 35 36</subordinates>
</agent>
<!--End of Red section 3 -->
<!--Red Commander -->
<agent>
<index>38</index>
<name>redCommander</name>
<position>-300-875.0 0.0</position>
<velocity>0.0 0.0 0.0</vel ocity>
<subordinates>23 30 37</subordinates>
<mission>
<type>VECTOR</type>
<position>-300 0.0 0.0</position>
<velocity>0 0.0 0.0</vel ocity>
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</mission>
</agent>
<!--End of Red Force -->
</scenario>
</specification>
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