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SUMMARY

A look at today’s US military will see them operating much beyivedscope of
protecting and defending the United States. These operations now ofnisig are not
limited to humanitarian aid, disaster relief, peace keeping, anfliat resolution. This
broad spectrum of operational environments has necessitated a@rratgfn of the
individual military services to a hybrid force that is attemgptto leverage the inherent
and emerging capabilities and strengths of all those undentheella of the Department
of Defense (DOD), this concept has been coined Joint Operations.

Supporting Joint Operations requires a new approach to determiniapla
military logistics support system. The logistics ametiiire for these operations has to
accommodate scale, time, varied mission objectives, and imperfemimation.
Compounding the problem is the human in the loop (HITL) decision makey b is
a necessary component for quickly assessing and planning logisppsrt activities.
Past outcomes are not necessarily good indicators of futuresrdsutithey can provide a
reasonable starting point for planning and prediction of specifidsnder future
requirements.

Adequately forecasting the necessary logistical support steuatul commodities
needed for any resource intensive environment has progressecbayeihd stable
demand assumptions to one in which dynamic and nonlinear environments can be
captured with some degree of fidelity and accuracy. Whilsethevances are important,
a holistic approach that allows exploration of the operational environment or design space
does not exist to guide the military logistician in a methodicay to support military

forecasting activities. To bridge this capability gap, a meththedcAdaptive Technique
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for Logistics Architecture Solutions (ATLAS) has been developedhis method
provides a process that facilitates the use of techniques andhabfdter and provide
relevant information to the DM. By doing so, a justifiable coursactibn (COA) can be
determined based on a variety of quantitative and qualitative information available
This thesis describes and applies the ATLAS method to a notionghrgnil
scenario that involves the Navy concept of Seabasing and the MGorps concept of
Distributed Operations applied to a platoon sized element. Thé¢ femta is tasked to
conduct deterrence and combat operations over a seven day period. Thigsse®rk
modeling and simulation to incorporate expert opinion and knowledge of rgnilita
operations, dynamic reasoning methods, and certainty analysis d@® @edecisions
support system (DSS) that can be used to provide the DM an enhdaeedf the
logistics environment and uses variables that impact specifisumes of effectiveness.
The results from applying the ATLAS method provide a better uradetstg and ability
for the DM to conduct the logistics planning / execution moreiefftty and quickly.
This is accomplished by providing relevant data that can be appligerfiorm dynamic
forecasting activities for the platoon and aids in determining tloessary support

architecture to fulfill the forecasted need.
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1 INTRODUCTION

The effects of globalization have had significant and unforeseests#feross the
world in such a way that people, businesses, and countries are nowlintegnnected
and dependant on each other in a variety of ways. A well know ecsthdrhiomas
Friedman, identifies in his booRhe World is Flatten enablers that he considers the
catalysts of globalization. The first two he contends aredltiad of the Berlin wall and
the emergence of Netscape, the medium that kick started inseroessibility to the
common user in 1995 [36]. Arguably, the second is the most profound andivextens
happening in the 2Dcentury. Exponential advances and uses of internet technology in
everyday life have provided enhanced visibility, increased effigierand vastly
increased the amount of information available to the average persos.hak allowed
anyone with a network or internet connection the ability to gadrge amounts of
information and data for what ever reason they need to. While baheti¢imes, it has
also made decision making much more cumbersome. This is @bpegparent for
leaders and other decision makers (DM) across a variety of iiredustFor many DM’s,
management of resources and timely delivery of their commsedgieritical to their
organization’s success. The ability to forecast or predict tbdsnef their customers and
getting the right resource delivered to the right place anldeatight time is paramount.
During the 1980’s and early 1990’s, in order to gain a competitive advamagenly
needed to implement technology and data management processes thizieweseallt of
exponential advances in computing technology. Now gaining a compeiitiamtage is
much more difficult and requires not only the latest computing apiplnsatbut also new

and innovative advancements in the realm of information and data masrggem



techniques in order to realize increased efficiencies andbitiéipa. The following
chapter will provide an overview of a world wide organization thateieking to enhance
its knowledge and perform logistics and resource management in a affiient

manner; the United States military.

1.1 Motivation
“Amateurs talk strategy. Professionals talk logistics.”

-Unknown

Logistics has always been a thorn in a commander’s side. A tgoktaabout
any military campaign in history will provide justification fdhis statement. The
Romans it is surmised developed and mastered the art of logigtiog their expansion
of power and dabbling into conquering neighboring lands, particularly Sicdybattles
in the First Punic War [39]. Since then, logistics has continued to have an evelimgcreas
role in any military’s architecture. Napoleon’s success and fddvmere the result of
his well managed supply lines and lack there of. By June 1812, Napoleaeirthatly
all of continental Europe under his control. When Napoleon decided tk Ritigsia, his
available forces consisted of 500,000 soldiers. Because of the advemimgtearly in
the French commander’s favor, the Russians decided to avoid direcirgatibm with
the French Army. This drew Napoleon further and further into iRwss the summer
wore on. Consequently, Napoleon's massive supply lines stretched thnthéinner
over the months and his forces declined in all facets due to laadteguate supplies and
resources [93]. By September of that same year, without hawgaged in a single
major battle, the French Army had been reduced by more than te tfiits original

size from fatigue, hunger, desertion, and guerilla raids by Russian forces [93]



Today, with recent military involvement in the Middle East and Asia, logieiss
continued to play a pivotal role in determining the outcome ofanyliaction in the air
and on the ground. Desert Storm, the first Gulf War, was over in $fday start to
finish, but it took months to preposition and prepare for the offensivene Say it would
have been over sooner had it not been the inadequate logistics sigbpiyg that slowed
the speed of advancing forces [102]. In the first 30 days of thadupuior Desert Storm,
called Desert Shield, 38,000 troops and 163,581 tons of equipment were landed and
processed [102]. Over the course of the entire conflict, iteptegsed on average per
day were 35 planes and 2.1 seafaring vessels; in all consistiB8,190 containers
offloaded; equal to 188 miles if laid end to end [102]. Operations foy'®dailitary
require a flexible, dynamic, and robust support network capable bhgeesources
where they need to be in an efficient and timely manner.

There are many factors to consider when determining force caimpoand the
ensuing support architecture for any operation. These factaad eomponents like
strategy, tactics, and the operational end goal when the planmingparational phases
are conducted, but logistics is a major factor, if not “the key’pmment, to promoting
victory. Recently in September of 2007, a United States Transpart@dmmand
(TRANSCOM) presentation stated that in the area of deployabigbdition command
and control, the primary task should be to:

Develop a Joint Logistics Evaluation Model to assist the JointeFor

Commander (JFC) in the selection of the optimum Joint Logistics

Management Option and other selected Logistic Capabilitieg¢tade

Distribution) to best support operational requirements;

with a final product outcome consisting of a “Joint Logistics ExalnaModel that can

be utilized to support Joint Logistic Capability decisions” [135]. Tdseer can start to



see from this statement that significant emphasis is now beatgdglon developing a
logistics support framework that is robust and capable of suppotiegevtolving

military’s needs for combined (multi-service) operations.

1.1.1 Military Logistics Defined

The word logistics is defined as the science of managing andltiogtithe flow
of goods, energy, information and other resources like products, servicepeaple
from the source of production to the marketplace [71]. As such, gjisticommonly
considered a branch of engineering which creates “people systimsr than machine
systems. Logistics planning has always been a necessthefmilitary, especially when
a vast amount of resources is necessary to achieve a goalheRmofessional soldier,
military historian, and or military theorist, accurately and unequilypegreeing on what
the wordmilitary logisticsentails is difficult [131]. Even today, the meaning of logistics
can be somewhat fuzzy in spite of its frequent usage and refereB¢2D publications
and the existence of lengthy definitions in various service and joint regulati@stsriah
Stanley Falk, in the author’s opinion, best describes logistics ometvets. First, at the
intermediate level:

Logistics is essentially moving, supplying, and maintaining anilit

forces. It is basic to the ability of armies, fleets, andaires to operate--

indeed to exist. It involves men and materiel, transportation, quarters,
depots, communications, evacuation and hospitalization, personnel

replacement, service, and administration [45].

Second, at a higher level, logistics is:
.. economics of warfare, including industrial mobilization; reseanch a
development; funding procurement; recruitment and training; testing; and

in effect, practically everything related to military adie$ besides
strategy and tactics [45].



While there are certainly other definitions of logistics, Falk's encesipg definition
and approach provides an ideal backdrop from which to examine and drsbizsy
logistics

From a historical perspective, ten major themes have been id#ntifed
categorize modern United States (US)itary logistics Observations that give support
for the focus of this thesis topic are underlined [119]:

The tendency to neglect logistics in peace time and expandyhastéspond to

military situations or conflict

The increasing importance of logistics in terms of sipatend tacticsSince the

turn of the century, logistical considerations increasingly ldaveinated both the

formulation and execution of strategy and the tactics.

The growth in both complexity and scale of logistics in the 20th ognRapid
advances in technology and the speed and lethality associated withinmode

warfare have increased both the complexity and scale of logistics support

The need for cooperative logistics to support allied or coalitiofieweaNirtually

every war involving US forces since World War | has involved providingnor,
some cases, receiving logistics support from allies or cmalipartners. In
peacetime, there has been an increasing reliance on host-nagiportsand

burden sharing.

Increased specialization in logistic¥he demands of modern warfare have

increased the level of specialization among support forces.

The growing tooth-to-tail ratio and logistics footprint issuesoeissed with

modern warfare. _Modern, complex, mechanized, and technologically

sophisticated military forces capable of operating in every conceivable




worldwide environment, require that a significant portion, if not thnig of it,

be dedicated to providing logistics support to a relatively small atipanl

componentAt odds with this is the need to reduce the logistics footprintdaror

to achieve the rapid projection of military power

The increasing number of civilians needed to provide adequate dsgsspport
to military forces. Two subthemes dominate this area: firsikeutie first half of
the 20th century, less reliance on the use of uniformed milagrstics personnel
and, second, the increasing importance of civilians in senior management

positions.

The centralization of logistics planning functions and a paralfetteb increase

efficiency by organizing along functional rather than commodity lines

The application of civilian business processes and just-in-time defivieciples,

coupled with the elimination of large stocks of spares

Competitive sourcing and privatization initiatives that replacdittomal military

logistics supporwith support from the private business sector.

As can be seen from above, the importance of logistics and ther pnepagement and
selection of the support structure that evolves within and or outsicdheilitery are topics
that are gaining significant attention. If the militarytdstransform itself to meet the
evolving operational environment, leveraging techniques and methodologiewiltha
make determining how to best support the force will be critmdhtilitating a robust
support network capable of dealing with the increasing asymmbtreats that are

increasingly appearing across the operational landscape.



1.1.2 The US Military and its Role in the World

An entity like the US military has to be able to operate anywhere wdHd. To
do this they must be able to deliver and receive any necessppjies quickly and
efficiently. Finding efficient ways to forecast the needs tlis complex dynamic
operational environment is a challenging task and is one that cantimiee researched
and investigated by many groups in the government and the private sBoese groups
consist of, but are not limited to the Army and Naval War Colletjes Brooking
Institute, the American Enterprise Institute, and the Herikemedation. The end of the
Cold War and the increasing emergence of third world and regionatsades have
prompted the US military to reassess the architecture ofilitgry in order to meet this
changing operational landscape [103]. In the past, the militésgistics architecture
was designed for its core mission; to plan, train, and preparkarfye scale combat
operations with well defined adversaries. These large scalatams tended to allow
the US military to utilize overwhelming force, superior fire gowand its technological
advantage to close with, fix, and defeat an enemy; that has atiedha In November of
2007 the Army Chief of Staff, Gen. George Casey stated three otigesviacing the

current and future military force [38].

- Global terrorism and extremist ideologies are a realitye next decades will be one
of persistent conflict. This is a period of protracted confrontatioongnstates, non-
state, and individual actors who are increasingly willing to use violenaectumplish
their political and ideological ends.

- Globalization is a trend that exacerbates protracted confrontdtibias also created
‘have' and 'have-not' conditions that are ripe for exploitation.



- Technology is another double-edged sword. The same innovations thavempr
quality of life and education and livelihood are also used by extenw export

terror around the globe and manipulate our media.

Today, the operational environment has transitioned away from laae sc
operations to missions where much smaller forces such as platcmymgany sized
elements, are more effective in dealing with a threat or profé8]. The threats facing
the United States today have become increasingly ambiguous asateonesbrs attempt
to utilize irregular tactics to achieve their goals viaasabphic or disruptive methods
[116]. This environment necessitates a rapidly deployable forcehasdat logistics
architecture that is both robust and dynamic in terms of capabilities.

The goal of the Department of Defense (DOD) is to develop and dtaite
disposal forces that are agile, capable, and robust enough to qcickk with and
decisively eliminate threats [128], [129], [130]. Joint Operati@i3) is defined as
operations conducted by two or more branches of the service workjeth¢o. These
joint ventures have become common place in today’s military opeahtmvironment.
The primary goal of these partnerships is to effectively Igetae strengths of each
service and effectively utilize any emergent capabilitibat appear and promote
accomplishing a mission. Increasingly, JO’s are being conduttad effort to deal with
the increasingly fragmented and complex battle space timatresasingly becoming filled
with asymmetric aggressors [115].

A sought after byproduct of JO by military leaders is thiita to effectively
create confusion for any adversary by outwardly appearing afisjainted and
fragmented force that in reality, is capable of rapidly réganng itself to perform a

variety of operations [116]. Success in this endeavor should make it farda enemy



to predict the actions of the forces in theatre or allow the grtenreact with any
efficiency [115]. While the military is currently adaptirggjoint operations “on the fly”
they are also attempting to go through a large transformatiohein physical force
architecture. This transformation consists of but is not limitethe incorporation of
new technologies, identifying/filling security gaps, and recartstg or fielding of new
equipment [59].

As these changes ensue, senior military leaders have re#thiaed holistic
approach, one that encompasses the needs of all the armed sandideserages new
technologies from the bottom up is the way of the future and must begoui57]. This
leadership is fostering a command climate conducive to faiitantegration of the
individual services, but faces hurdles in the form of inadequate mitaste for such a
dynamic force as well as buy-in from the individual servited & viable integration of
the services can become a reality. Several gaps exlist iawéa of providing a network
centric system capable of rapidly assessing and facifitatecisions of how to best
employ and sustain the small unit forces envisioned for the future [B8se gaps are
further widened because the DOD has placed the constraint thdtulheof these
operations for the foreseeable future will originate and operatigeihttorals, i.e. the
area of land and sea nearest a coastline [133].

For the Navy, this directive shifts their focus closer to shatber than their
historical focus - the open seas. For the Marines and Aroyndrforces, the focus on
the littorals will require their conventional large units to be reorganized into
reconfigurable smaller forces. Each service has attemptediettify the right

capabilities mix necessary to operate in this new environmehe US Army (USA)



began a transformation in the late 90’s under General Shinseki towaaixept called
the Stryker Brigades. The general mission for this Army unit typeld be to deploy

globally with a mission tailored force package of combat, combat di@yal combat

service support forces to conduct strategically responsive operatiagugpport of JO

contingencies [43]. They would be capable of commitment acrossulthgpéctrum of

conflict and be optimized to conduct small-scale contingency operatr@h$o deter or

contain crises by employing the full range of Army, joint, mmaltional, and interagency
capabilities [43].

The US Marine Corps (USMC) investigated and continues to pursoecem
called Distributed Operations (DO) [32], [33]. Initial experiméota of this concept
consisted of a platoon separated into two command teams and threewsitjuadgariety
of weapons and communications assets, and measured the resultant capabdities
[24]. The goal of this experiment was to spur the spiral developohemdble low-level
force architectures that could be applied to larger force composioorfsture scaled
deployments of the military. Distributed Operations is meantotustitute a form of
maneuver warfare by utilizing small, highly capable units spesaoss a large area of
operations. The USMC believes with this concept, they will expegiea spatial
advantage commonly sought in maneuver warfare, in that they wibleeto sense an
expanded battle space and be able to use close combat or supporsinmeuding joint
fires, to disrupt the enemy’s access to key terrain and avenues of approach [31].

The US Navy (USN) focus on the littoral has resulted in a eqincalled Sea
Power 21. This concept brings together the effects of seudratacepts to provide

force protection, intelligence, surveillance, reconnaissance, arsliésgil15]. Core to
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this concept is Seabasing. Seabasing is the idea of using clpfscé expeditionary
airfields and ports at sea in regions where it may not berggligally or politically
feasible to have a large contingent of forces ashore [9]. Ibbkas described as the
having capabilities of “the teeth ashore and the tail afloathb Joint Chiefs of Staff in
2005 [9]. Although conceived by the Navy, Seabasing is being embbgctdte Army
and Marine Corps since the concept is meant to utilize shigeadmd disembarkation
and logistical supply bases for deployed ground forces. With thleips and their
organic or supplemental aerial assets, the USMC and USA bdleyean become more
flexible and rapidly deployable, while substantially reduce thagistics foot-print
ashore [116]. A brief overview of Seabasing and DO will beudised in Section 1.1.3

and 1.1.4 respectively.

1.1.3 Seabasing

The National Security Strategy, National Defense Stratagy,National Military
Strategy as outlined in current doctrine all emphasize the neethio global freedom of
action without the need for host nation support in a potential operatoea [128],
[129], [130]. To accomplish this strategy and in an attempt to mheetiemanding
operational tempo facing the services, several initiatives hase fmemulated. The
primary solution being pursued by the Navy is a concept calledaSiegbunder and
overarching initiative called Sea Power 21. This concept is enedi to be
implemented between the 2015 — 2025 time-frame. Figure 1 showsuthent
architecture overview of how a Seabase will be integratedhetintra theatre logistical

system.
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Figure 1: Seabasing Logistics Architecture Overview [59]

The Seabase concept is designed to leverage U.S. Navy foeadydln a region
by joining ships together a tailored force capable of deligetiaops, tanks, and other
combat power and then sustaining those forces logistically. Segheidi also provide
support by fire capabilities and safe havens for reconstitutingtargrade options for
these combat elements. Seabasing is ideologically definéldedsapid deployment,
assembly, command, projection, reconstitution, and re-employmenbimf dombat
power from the sea, while providing continuous support, sustainment, and force
projection to select expeditionary joint forces without reliancéaad bases within the
Joint Operating Area (JOA)” [58]. Achieving this ability wikquire modifications to
some current ship, aircraft, and vehicle components throughout the AroredsF

architecture, but the real challenge will be creating astmgil system capable of
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supporting the diverse (multi branch) and distributed force thatbeilheeded for a

variety of uncertain operational environments.

Seabasing

Speed, Access and Persistence

Using The sea as maneuver space... Seabasjng will be
these Leverage forward presence. ..

i Interoperable and interdependent
inel E d t
principles R Fires — NSFS, Aviation, Bombers

... reduce dependence on land bases

M\Lﬂ;cmnm[s\
Create uncertainty... P sustainment—

Timely, efficient
Protect joint forces. .. C4ISR — Common Operating Picture
Scalable, responsive joint power projection... Force Protection — Air, Sea and Land

,
...and will allow us to
Sasbonng Orpreching s pursue these lines of
operation
Close: Within 10-14 days

Assemble: At sea within 72 hours of arrival
Employ: i ithin 8-10 hrs

Sustain: Up to two joint brigades
Reconstitute: For follow-on operations
Figure 2: Aspects and Objectives of Seabasing [116]
As can be seen in Figure 2, the Seabasing concept is envisiotiedkey element that
will facilitate a dynamic logistical support structure fosyametric operational
environments vicinity théttorals. According to Marine Brig. Gen. Bruce Byrum of the
Navy's expeditionary warfare division:

Seabasing is not something new. We've been doing it. We've dmrg
it jointly. But basically it's been ad hoc. Our forces are metessarily
organized or designed to work efficiently together, and we’radryo
work on that deficiency [9].
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The sea base will be the primary source of logistics suppotté task force commander
and it will also be the conduit through which supplies, equipment, and persaitinel
move ashore for reinforcement and sustainment operations as wedl ssurce for non-

end-item user maintenance, engineering, and health service support to téAprce

1.1.4 Distributed Operations (DO)

The concept oDistributed Operationss described as an operating approach that
will create an advantage over an adversary through the dedihesatof separation and
coordinated, interdependent, tactical actions [31]. DO builds on d¢heepts of
Operational Maneuver from the Sea (OMTFS) and Ship to Objedareeuver (STOM)
[40]. The essence of this concept centers on the ability forsféoceonduct coordinated
action, throughout the breadth and depth of the battle space they occupyi@dije 3

conceptualizes this ability and shows how enhanced awareness and communination ca

Figure 3: Combat Decision Makers Environment [31]
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facilitate rapid reconfiguration of forces to be able to réaet situation. This concept is
meant to increase access to various support entities through contioaniaad
technology applications, as well as enhances combat capalalittee small-unit level
via direct support from nearby sea assets. With this conceptcamihanders on the
ground will be allowed freedom of action to disperse their forces or aggragateas the
situation dictatesWhile the exact size and makeup of these forces is still laEhgted,
operating in a fractured and ill defined operational environment dutbee will require
effective command and control that is enabled by the DO concegiermiining the best
way to logistically support of these forces appears to be the primarytiamifg].

In the past, operating in ambiguous and volatile environments consistedpof de
patrols with units generally sustaining themselves with what ¢beld carry or acquire
in the form of food, water, ammunition, etc. [133This was a marginally easy task as
the goals of these deep operations were primarily intelliggat®ering, reconnaissance
for follow on operations, and surveillance. The future tactical fontte will now be
faced with the full spectrum of military operations from humaiataaid to full combat
conditions [33], [40], [42]. Robustness of the force is paramount and will likely involve a
spiral development to determine the right architecture and adeqoatplementary

support network to enable operating in these environments.

1.1.5 Seabasing and DO Together
Addressing the issue of timely, accurate, and efficient legissupport for US
forces under Seabasing and DO requires a few assumptions [127].

First, these forces will be and for the foreseeable future continaperate in a joint

capacity.
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Second, rapid infusion of reliable and suitable technology will bdeftklas soon as
possible to facilitate these operations.

Third, the military will continue to be utilized as a tool to @oé national and
international policy outlined by leaders in the United States and its allies.

Finally, there exists no near-term peer competitor likelynerge to challenge United
States access to the common use of sea, air, or space.

The last one is critical to the concept of the sea base betassimes that off shore
ships will be relatively safe from attack by the irregdtaces the US military will likely
face in the developing operational environment.

As alluded to earlier, the goal sought by the DOD is to isereagperational
capability and agility by offering increased combat capgbilihrough efficient
architecture and selection of the best course of action (CORBg. COA selected should
capitalize on joint capabilities that can provide increased sunvityaéild sustainability.
Since there exist a variety of operational environments, vafgirng architectures will
be needed for deployment. The definition of architecture for the purposes obthienpr
is defined as the composition of a joint force in terms of phlysissets. These assets
will likely consist of a variety of ships, aviation and ground units, atieer force
components organic or added to the overall force created to accomplizssigned
mission. A COA is defined as any action or potential action uraesiaderation for the
purposes of accomplishing the mission at hand. A COA is directielated to
forecasting the amount of logistics needed to perform a given mission or gcenari

In order for the concept of Seabasing and DO to succeed ativeffeommand
and control network which facilitates information sharing and operatispace
visualization is necessary to support the various forces sprezst dloe operational area.

By being able to sense and visualize the environment, the thougbtidvt will be able
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to plan and respond appropriately. This network will hinge on the ahilifyrovide
coordinated logistics support for forces in the battle space igébct In effect, the
operational network employed must be ablsdose and resportd the logistical needs
of those involved. Further discussion of the concegenise and respond terms of

military operations will be discussed in Section 1.3.2

1.1.6 Joint Operations and Ramifications for the Military

In the past large scale military operations operated on supply bagistics,
meaning that a local or regional supply base was utilized taisusilitary forces in the
area. That concept is now changing to distribution based operaticascommodate
smaller forces that will tend to be more decentralized and unigieir needs. In 2003
Major General Ann E. Dunwoody, the commander of Military Traffianmdgement
Command (MTMC) stated that "the shift from supply-based to disimimased
logistics is imperative to any successful future militasgerations” [47]. The
transformation is requiring the MTMC to go through not just orgaioizak changes, but
process and cultural changes as well. Their end goal is toonaverganization that all
war fighting allies can turn to for all of their transpoxatineeds; whether it is by land,
sea, or air [47]. By pursuing this goal, enhanced visibility oveasgdects of the logistics
line from beginning to end should be realized. Many recognizehisagaal has and will
continue to be an evolutionary one, with really no end state as a [48llt This
realization is born from the observation that as the militancgire continues to evolve,
S0 must the organizations that provide its logistical support.

What the military primarily hopes to see in this spiral effrtsignificant

compression in response time, improved service, and reduced requireanentest
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current inventories across all aspects of the supply chain nepdifirk In order to do
this, the logistical support structure now must become a very aimbd dynamic
system, capable of predicting and forecasting the needs forypeyot size force the

military can come up with.

1.2 Current Environment for the US Military

The US military as a whole has been reducing in numbers ogeyeidrs, yet
experiencing increasing requirements to be able to operate on @ ghtadle. This
necessitates a streamlined, fluid, and flexible logistics n&teapable of adapting to the
needs of a variety of military units [30]. Figure 4 depictsdiheent breakdown of the

globe and the regional areas of responsibility (AOR) between the major USarmis.
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Figure 4: The World with US Commanders Area of Responsibility [29]
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The commander for each of these regions, seven in all, will notneely to know what
is happening in their AOR, but must also consider events and informéabiom a
operations out of their AOR so they can holistically factor thesgects into their
decision making process. Resources in terms of ships, soldiersthendassets are not
an endless supply. This requires innovative and efficient manageuctaties from
leaders at the top all the way down to the operational command and control level.
The subsequent pair of figures reflects the allocation of fund&J®mdefense
budget characterized two different ways. The defense budget iaclugeis not limited
to line items like research and development, paying the force ngaifarce protection,
and operational expenditures [98]. Figure 5 shows the relative elpendf funds

toward the national defense budget as a percentage of Gross Domestic Pro&)ct (GD
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Figure 5: US National Defense Outlays as a Share of GDP [98]
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As can be seen the relative spending as compared to GDRetraasked significantly
since World War Il with an experienced increase around each o@drict the US has
been a part of, but the trend is it has continued to fall ashtamg@rogressed. Some may
argue that although there is a decrease in the percentagePodgedt on defense that the
budget is adequate when adjusted for the growth in GDP the US experienced dseng th
years. Figure 6, below, depicts the actual dollars spent in 2003sdalidin the years
2007 through 2012 forecasted by the Office of Management and Budgetj98han be
seen funding has remained somewhere between $300 to $500 billion with easéncr

projected over the next couple of years and then a forecasted reduction after 2008.
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Figure 6: Defense Budget 1940-2012 in 2003 dollars
What is poignantly clear from Figure 4 through Figure 6 andeaotimilitary conditions

is that;
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- Operational responsibility for the US military has expanded to amvejust the US,
but the entire globe with significant activity currently ocaugrin the Middle East
and Asia.

- The defense budget continues to get less and less in terms@DEheallocation for
its fiscal budget.

- The military although asked to increase its roles and responsibilitysabmglobe, is
expected to do so at relatively the same budget since the mtd 80la, even though
the amount of responsibility has increased substantially.

The expectation of the US military by civilian leaders istfa armed forces to be able to
react whenever, wherever, and to whatever they are called upong &seto do this
efficiently and quickly is the daunting task facing US miltaommunity. Up until now,
this has been accomplished by tapping into experience and oper&mmvalhow of
senior officers and soldiers within the military structure. r€nfty, there exists no
repository of historical information, lessons learned, or knowledgeedairom past
experiences that can be quantitatively or qualitatively used to ¢guedéuture military
DM'’s in the ensuing operational environments. To address this gamcept called
Network Centric Warfare (NCW) has been proposed and articutates top level
initiatives intent on solving this problem. While not desiring to esgiyetell the military
how to conduct its current and impending transformation, this conceptt@iprsvide

insight from a bottom up perspective for senior military leadareow to best approach

growing requirements holistically.

1.3 Network Centric Warfare

The United States, as well as its allies must be able de fhe emerging
asymmetric threats at the global, regional, and or local lekebterging aggressors are

non-state, multi-dimensional, flexible, distributed, and information-a\ja®0]. They
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have shown via recent events that they are capable of rapiglitapto and neutralizing
U.S. strategies and tactics. Increasingly, these entdies &t their disposal catastrophic,
inexpensive, and competitive methods of creating large-scale dsrupind or
destruction [100]. With these facts in mind, the US militargoistinually exploring how
to tackle these multifaceted problems. In October of 2001 the Od#fic&orce
Transformation (OFT) was created to help change the milgadyits culture from the
bottom up through a combination of large amounts of experimentationasecrsharing
of new knowledge and experiences, and ideas to broaden military ltegsabvhile
mitigating risk [97]. To accomplish this task the OFT put forth ohies pillar theories
as a guide to military leaders called Network Centric Warfare.

Historically, military logistics has taken a mass-based agghr to satisfying
operational needs, creating what is commonly referred tooasMountainsto supply
itself. This consisted of one or a few strategically placed and oftessine stockpiles
that had its size and composition determined by a metric ofafesgoply per person for
consumables and other daily measures from aggregated histotecalTdas application
was seen most recently in the Persian Gulf War, describaedrearhere the build up
began in August of 1990 for an operation that took place in late Fght@8d. Mass
based logistics may still continue to work for large operatiowalflicts and if the
situation permits time for logistical build-up, but it is not ausoh to asymmetric
warfare. Looking at the larger operational picture, costs in #esaf shipping, fuel to
move items, storage, and maintaining items continues to inagedsaly. Additionally,
other payments in the form of infrastructure improvements and “U$ag®to occupied

countries are becoming common place for operations that involve evea juostlest
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sized force [133]. The US military can no longer afford to expmuls in areas not
intent on directly supporting the force.

The goal of NCW is to outline a framework that can effectiwelgport a variety
of military operations via a robust, responsive, and flexible orgamizd system. NCW
proposes the idea of leveraging information age concepts of today pliythgghem to
the strategic environment, thus producing dispersed, semi-autonomougd capddality
packages that produce effective mass effects via speed and coaoreéifiates [57]. The
downsizing of the military coupled with increased requirements rfeessitated a
fundamental change in how the military does business and sustsétis i Joint
Operations require capable organizations that can cross-entemiselapt dynamically
to uncertainty and turbulence in a multi-dimensional, nonlinear, conveegitivironment
[30]. Under this approach, dynamic decision support systems (DS&h whmsists of
COA analysis, knowledge management and mining, pattern recogréamijng, and
other cognitive decision support tools becomes immensely crif@@l. Other
consequences of the joint environment include the capability to perépid operations
of a smaller yet more lethal force. This requires a fiattg of the command hierarchy
and a shorter timeframe for intensive conflict operations [30]. rddipes will be
conducted in non-contiguous space with likely no secure rear areas thodtwause.
NCW has several key objectives which consist of the following [100]:

Fight first for information superiority

Facilitate speed of command

Promote access to information and shared awareness
Use dispersed forces for non-contiguous operations

Promote de-mass-ification
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Eliminate process lines (e.g. move away from serially pemfuy the functions
of: organize, deploy, employ, sustain; operations, intelligence, logistics)
Eliminate structural lines (e.g., move towards joint operationseasinall unit
level)

Dynamic and able to conduct self-synchronization

Have the ability to alter initial conditions
In this environment, the values that aid in the success of NGnatworking,
intelligence, environment management, speed or endurance, nungletslerance, and
staying power [100]. In order to accomplish these effects a&hkaller identified is the
need for a logistics infrastructure and architecture thatogerate under the dynamic
needs that lie ahead [30], [57], [100], [110].

The DOD, which is responsible for all of the armed forces, idiverse
organization with separate and independently operating organizationse Jrioeips may
for one operation interact directly or indirectly to accomplisgirt mission, while on a
different but similar mission interact completely differentljhis, for better or for worse,
is the nature of the DOD. This type of framework in the engimgevorld is categorized
as a system of systems (SOS). Briefly, a SOS is t@mythat is made up of several
independent systems that have been joined together to perform acspedcifiriety of
functions that leverages the capabilities of each independent systaesult in a better
outcome than could have resulted from any of the individual systems aldme topic

will be discussed in detail in Section 2.2.

1.3.1 Modernizing the Current Logistics System

Current efforts to modernize logistics have focused on increasystens

efficiency, reducing the mobility footprint in the operational aaremplementing
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performance-based contracts, and creating transparent and glabséctional data
sharing environments [133]. Technology such as radio frequency idamifiqRFID)
and commercial off the shelf (COTS) tools used in a varietyndfistries have and
continue to be assessed and integrated into the military intasguand support
systems.

Just-in-time (JIT) logistics, a methodology taken from the bssimeorld, was a
recent attempt by the military to apply commercial prasticelean-out their inventory
practices and make their logistics system more effici&his concept is born out of the
manufacturing arena and attempts to produce and supply resouoteseaas possible to
a user’s or customer’s forecasted demand, as opposed to prodemsgedrlier with no
demand and having to leave an item in inventory or producing it dtey an order is
received [17]. JIT theoretically allows the implementer tgnigicantly control
production and holding costs, reduce inventory, and maximize use of avadablirces.
Its prime metric isflow time or flow rate JIT has shown to work well for many
applications, but ultimately results in a brittle supply chaim llaa a high risk of failing
in a dynamic environment. This is due to inflexibility, vulnerability damage and
destruction, and potential inability to service dynamically geadrat prioritized needs
[17]. Although a good start, JIT in its entirety has not solved ted f@r a dynamic
military supply network.

Another application from the commercial sector applied to theamyjls support
architecture is a tool/system called Enterprise Resoueniply (ERP). This system
takes a variety of data and processes that exist in an cagganiand integrates them into

a unified system. A typical ERP system will use multiple ponents of computer
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software and hardware to achieve this integration. A key ingredient of mostyiSRIns

is the use of a unified database to store data for the variotsnsysodules. These

modules in the commercial environment consist of the following activities [34].

Table 1: Typical ERP Modules and Activities

Modules

Potential Functions Tracked

Manufacturing

Engineering, Bills of Material, Scheduling, Capacity, Workflg
Management, Quality Control, Cost Management,

DW

Manufacturing Process, Manufacturing Projects, Manufacturing

Flow
: Inventory, Order Entry, Purchasing, Product Configuration,

Supply Chain : . : : .

Supply Chain Planning, Supplier Scheduling, Inspection of
Management . - . )

goods, Claim Processing, Commission Calculation
Financials General Ledger, Cash Management, Accounts Payable,

Accounts Receivable, Fixed Assets
Projects Costing, Billing, Time and Expense, Activity Management

Human Resources

Human Resources, Payroll, Training, Time and Attendance
Benefits

Customer Relationshi
Management

p Sales and Marketing, Commissions, Service, Customer Cof

ntact

and Call Center support

Besides the above items, ERP also can also contain Data Wareimsusarious Self-

Service interfaces for customers, suppliers, and employees.

These latest modernizing approaches have produced incremental impnse

for the military’s logistics support system. However, theahility to provide a holistic

solution is revealing that COTS applications will likely not gig¢he kind of adaptive,

effects-based logistics system that is needed to support thl nmgpdular, dynamic,

distributed, and adaptive environment the military operates in. herge military

logistics is organized hierarchically and linearly, and does not asdelptto dynamic

battle space events.

The current logistics structure syigtddictive, optimized, and

linear supply chains that operate in traditional, hierarchicalnzamd and control (&}

structures [134]. Logistics support in a transformed military gayndhmic environment

will require [132]:
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Logistics operations in a networked, distributed force that empsasgzeed of
command and adaptation

Focused force-centric logistics for tasks, missions andtsffas opposed to the
optimization of logistics supply

Logistics support for rapid force projection and rapid, decisive opestof
expeditionary forces (force to objective maneuver)

Analysis from Operation Iragi Freedom (OIF) identified foutical areas that will need
to be addressed for future logistics support operations. Theseoanecting the
logisticians, modernizing theater distribution, improving force reseptand supply
chain integration [134].

To connect the logistician to the information necessary to petioem jobs, the
architecture must be capable of connecting critical logistmdes. These consist of
tactical warehouses, ammunition supply points, hospitals and distribution(éugbs
airports and seaports of embarkation/debarkation where availab&dteonatively a
Seabase) [134]. The architecture should also provide non-line-of-cgimectivity
through enhanced commercial expeditionary data communications vablposatellite
communications terminals and integrate Automated Identification nbéatry (AIT)
throughout the joint battle space [100]. Modernizing theatre distributids@pply chain
integration consists of effectively insertingaturing technologynto current distribution
platforms, developing intermodal cargo platforms compatible withentrand future
transportation assets, and improving the strategic distribution grt@4]. Improving
force reception will involve deliberate and methodical change tdhallservices to
transform their forces incrementally and in coordination with one anathinsure the
cross visibility envisioned and needed for Joint Operations. The fuilitarynogistics

structure should be able to forecast logistical requirements to meet the ntedifoofe.
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1.3.2 Sense and Respond Logistics

To meet these needs the concept of Sense and Respond Ld@&iRis) is
proposed under NCW. Merriam Webster’'s dictionary defines seriserabable ability
to judge and decide with soundness, prudence, and intelligemcehe context of this
definition and application to the military logistics environment, Ed requires the
proper information, intelligence, and visibility to arrive at a sound\@@ the situation
at hand. Once that COA is determined the next step is to resportistafs defines
response aghie output of a transducer or detecting device resulting from a giveri.input
In the context of the current discussion, the military logeticor DM must now
formulate decisions that will enable activities and initiateaives that serve to support
and sustain active units with the resources required to meet thallanéent of an
operation. A methodology that can bridge the gap of determiningnttst robust
logistical architecture between the concepts of Seabasing anddd{d be a valuable
asset to a military DM.

S&RL is a “transformational network-centric concept that ersapet effects
based operations and provides precise, agile support” [30]. It upleshighly adaptive,
self-synchronizing, and dynamic physical and functional procesdes.DDD envisions
a network able to predict, anticipate, and coordinate actions that prddmpetitive
advantage over the full range of military operations acrosstthtegic, operational, and
tactical levels [30]. Promoting doctrinal and organizational toansition, while
supporting scalable coherence df 6perations, logistics, intelligence, surveillance, and
reconnaissance are also goals. S&RL, it is contended, should benenpdel as a cross-

service, cross-organizational capability, so that it provides an esdiopoint-of-effect
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to source-of-support network of logistics resources and capabil8D]. Every entity in
this network, whether military, government, or commercial, is corsideoth a potential
consumer and provider of logistics. The figure below gives an overefewhe

connectivity envisioned from the source of support to the point of use in this network.
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Figure 7: Sense and Respond Logistics Structure Overview [30]

The S&R command and control YCnode is the entity that has the logic and
architectural framework that processes standards-based tranahotformation in real
time by sending filtered demand signals back to the support netwarksconstraint
information from the support network to the demand network [30]. Thsogd as
lessons learned and experience feedback loops would assist in tretiadagtlogistics

support strategies over time to meet the dynamically evokimgronment. Real-time
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information flows will link global support networks with total aisaad process visibility
and global anticipatory demand networks to support effects-bagedtiops and provide
a constantly adapting enterprise capability [30]. The concept ferabpnal S&RL
under NCW can be seen in [30], but the effects on logistics comparbdwt it is
performed today and the vision for the future are summarized in Table 2.

Table 2: Network Centric Warfare Pre and Post Transformation Comparison [30]

Pre Transformation Post Transformation
Linear Non-linear
Chains Networked
Use-Based Effects-Based
Service Stovepipes Cross-Service Mutual Support
Functional Stovepipes Cross-Enterprise
Title Ten-Driven Joint Logistics
Pre-Planned Dynamic Continuous Planning & Execution
Poor Ops/Log ISR Integration Net Warrior Ethos
Reactive Anticipator
Parametric Analysis-Based Collaborative
Hierarchical Networked
Monolithic Distributed, Modular
Poor Scalability Dynamically Scale-able
Not Flexible Flexible
Consumption-Based Adaptive, Cognitive
Mass Speed of Effect
Attrition Effects-Based
Service Perspective Joint Coherence
Efficiency Effectiveness
Highly Optimized Effective
Brittle, Rigid Supply Chains Robust, Flexible Demand Networks

Of the many evolutionary requirements to accomplish a S&RL envinohomeler NCW
principles, is the need to stimulate innovation, testing, verificatiwh \alidation of
methods and techniques in support of S&RL concepts. The DOD has aistiedehe
“need for experimentation so as to provide a venue for evaluatir§gtRé concept and
IT prototypes, and provides insights that can be used to refine theptan an iterative

fashion” [30]. From these points it is clear that the nmiites seeking to facilitate
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technigues and methods that can support the military decision makingsgroar

logistics support activities.

1.4 Chapter Summary and Conclusion

As the mission requirements of the U.S. armed forces increasssaie and
breadth, the overall military is seeing its size shrink. Tiipart due to technological
innovations allowing tasks to be done remotely or autonomously, but alsssbdtgher
costs are increasingly difficult to justify and maintain toi@@tecision makers -
resulting in pressure to downsize the force. In order for theéamyilto succeed in this
environment, its leaders know “requirements for material and supplissbe accurately
identified to ensure that stock levels closely approximate nd@&@$”’ Additionally,
military logistics will no longer be able to rely and depend omarily world class
seaports to launch to and from because future operational aredkelyilnow be in
smaller third world countries for reasons given earlier. dieas of operation (AO) will
likely have little or no off load facilities thus requiringmiporary and flexible logistics
infrastructure to provide and sustain material and personnel for theatiopat
environment [86].

The military environment is a dynamic systems architecin it is one of the
most complicated and difficult environments to manage. A dynaysiem is one that is
time dependent and in a state of constant change. One can makfyisign@ssumptions
to reduce the complexity of the environment, but the assumptions muslideava
reinforced through a logical and knowledge based thought processh s@itmany
moving pieces, in different environments, with different needs, differeage rates, and

S0 on, a clear vision and understanding of the network from end to enfilciglidid see.
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Time dependant analysis is a difficult task, especially wherfopeing it in an
environment with incomplete data or information that arrives too samdiligest. In the
past, the best one could hope to do when conducting prediction/forecastiitgeactias
to get their forecast right part of the time and hopefullyndéam any errors or mistakes.
The military can no longer rely on land based support structures dodger afford to
make significant errors if they hope to operate successfullihennew operational
environment described. The advancement of technology based caalaihtidysis and
other techniques in forecasting betterment should be applied tthdillgap in the
military’s capability to effectively conduct logistics deois support analysis at any
operational level. This belief has spurred the development of a medlied Adaptive
Technique for Logistics Architecture Selection (ATLAS) thiabsato help close this gap

and will be discussed in detail in Chapter 4.

1.5 Thesis Organization

This thesis addresses the complexity faced by many decisikersna how to
select a course of action (COA) in the face of uncertainbgmplete knowledge, and
more information than is feasibly possible for the human mind to tdigEse military
logistician faces a complex and nonlinear decision making environnmenmalitary
logistics is currently the subject of extensive researcblutiBns for this environment
will require a methodology that utilizes existing information apply higher level
reasoning methods and feedback mechanisms to provide a decision sugtpart(B5S)
meant to help solve new problems. DSS’s are defined as the combimdtithe
intellectual abilities of humans with the abilities of computetesms in order to improve

the quality of the decisions made and to support decision makers &trudtured
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problems [62]. The aim of this system should be to provide transpaséftation for a
specific COA and architecture selection based on available infiorma Before
exploring the creation of such a method and system, an exploration of current teghnolog
methods, tools, and software is warranted to become familiar witent state of the art
in applications for DSS's. The next chapter of this thesis, Ghaptwaill give an
overview of some pertinent concepts that are core to this resmadchave guided the
development of the ATLAS methodology as a DSS to help the militsdynh his/her
tasks.

Chapter 3 will provide a re-familiarization of the problem and dsciee
technical challenges, research questions, and hypotheses i@sttasch effort. Chapter
4 will describe the ATLAS methodology and its steps for impleatent in detail.
Chapter 5 will describe a proof of concept scenario relevant toy'sodailitary
environment in which a DSS can be applied. Also in this chaptediidral forecasting
method that is used by the Army today is assessed and compainedATLAS method.
This chapter also contains the results of the ATLAS methodologyedpplth a dynamic
case based reasoning tool along with analysis, interpretatitrosd results, and COA
development. Finally, Chapter 6 draws on some conclusions from tlkeanwd assesses

the hypothesis presented in Chapter 3.
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2 LITERATURE SEARCH OF METHODOLOGIES &
TOOLS

“As long as our Armed Forces continue to be committed around the globe, our abilifyldy de
and sustain them will remain a top priority.”
-Henry H. Shelton, Former Chairman of the Jointe®hof Staff

Today, no one works completely independently when solving a problem or
exploring a new design. Almost everyone is part of at leasgang, typically several
groups at any point in time. Groups communicate, share informatiomatgeneas, and
organize ideas. One of the most important aspects to facdiéddemining a solution is
communication and coordination, horizontally and vertically, between decmsakers
and the knowledge they need to make effective decisions [20]. To plcstoitinis need,
decision support frameworks are usually generated and made up of several components to
draw upon. Each system will differ depending on the need, but therdyusxialts a
knowledge source or database of relevant and pertinent informatiomtapoa. These
databases can have either quantitative or qualitative data, but tofiea have a
combination of both. Qualitative data usually exists in the fornxjpér knowledge and
tends to be difficult to apply numeric values for a varietyealsons. This data is usually
represented with some form of industry specific language or liigglis Quantitative
data usually consists of hard factual data that has been ad)lestasured, or viewed
with discrete or continuous inputs and outputs recorded. These typesabagsis,
especially the hybrid consisting of both data types, are becoming amat more
prevalent due to technological advances in the areas of attifitglligence, and
computer processing that attempts to simulate the human thoughsgproicsolving

problems. Along with a database there usually exists underlgithgase that is used to
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model the environment and is able to visually and syntheticallygeptr¢he investigated
design space. The use of surrogates or a model of this mods caated and used for
quick and limited design space exploration by a user. This iflyisgaomplished via a
user interface node that allows for the processing of new iateymor the correction of
information already stored in the database. All of these compomakis up a general
architecture that is often referred to as a decision suppoensy@DSS). This is

represented in Figure 8 below. Critical to any DSS is knowledge management.

Figure 8: Decision Support System Basic Architecture

The science of Knowledge Engineering has evolved to encompasslseethods and

techniques to aid decision support architecture generation. Many mpeoldelay are
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characterized by abrupt changes and increasing uncertainffingsrom a variety of
noise variables that are very hard to characterize or understandyebuepresented
linguistically. Formulating a model and ensuing scenarios that capticgitical aspects
of the problem is more of an art than a science and requires kpent the field to be
heavily involved in the development of these systems. Criticdet@loping a useful
DSS is an understanding of the problem and any intricacies witien design
environment. Doing this lays the foundation for an effective procestjodology, or
tool to ultimately be developed. For the military, the problem theg is a supply vs.
demand problem, i.e. the goal of getting the right logistics taigie people and at the
right time. The author investigated existing and relatively temliniques to see if they
were viable and suitable to be applied to this dynamic environmemnpl@nentary to
this literature search, was a search for applicable toolspoing state of the art

techniques in forecasting and predictive analysis, especially in the argli#tarfy DSS.

2.1 The Importance of Forecasting: Supply vs. Demand

Matching supply with demand, that statement seems undaunting, butity iteal
is an extremely difficult task to accomplish when operatin@g @obal scale as the US
military does. In economics there exists the theory thate pscdictated where a
theoretical supply and demand “curve” or line intersect. If tieexcess demand and
supply remains the same, prices will rise. If there is &xsepply and demand remains

the same, prices will fall. This is shown in Figure 9.
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Figure 9: Supply and Demand in Equilibrium
Not only are market forces in effect, but uncertainty in the enwment for which the
product is in and uncertainty of extenuating circumstances thgistarely allow supply
and demand to ever reach equilibrium, point A. In any field wherestipply and
demand quandary is faced, it is known that no one will actuallynatiastable
equilibrium. This is accepted primarily because once equilibriirfraached” other
market forces will fluctuate and cause a change in the supdlypademand curve. In
Figure 9 two “curves” representing supply and demand, say of autongalsilentersect
at point A where the current price isdhd the current quantity demanded s @s time
progresses by some small increment other factors genesalhg @ shift in the supply (S)
or demand (D) curve and sometimes both. In Figure 10 an increaseandleauses the

demand “line” to shift up and to the right represented by D’.
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Figure 10: Supply and Demand Curve Shifts Due to Changing Market Forces
If supply stays the same the effect is an increase in fwipeint B, and gas gets more
expensive. If more gas is produced to meet higher demand, the sopphydves to S’
and we see price fall back to point C which is equivalent to pointte initial effect of
increased demand allowed those providing oil for gas to enjoy a prepmicenon their
goods, but not for long since an increase in supply through increassecfion, caused
the price to come back down because the market experienced exakssieproduct.
In mid to late 2008 consumers saw OPEC increase the supply aral $hort time
because of world pressure due to significantly increased gaesprilnitially demand
artificially increased due to natural weather phenomenon, phmirithe US, that
produced a gas shortage fear by consumers. As a result conpumudiased gas they
ordinarily would not have bought. This caused an artificial spike iraddrn gas and a
perceived shortage. Prices increased dramatically in a ahmrtint of time. When
supply increased slightly and demand lost its artificial inerdas settling back to the
original line, D, gas prices fell and have even fallen lowgsrices reminiscent of 2003

prices. This cycle will continue with a reduction in production thaukl increase price
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back up to an “acceptable” market price where suppliers and conseaoér a general
agreement on what each is willing to buy and sell a gallonfitegas at. Why is
understanding this concept important?

Understanding how “market forces” and other environmental variablesdmave
effect on the supply and demand environment, such as the militarysidegnetwork,
can be beneficial in trying to forecast needs based on anaty$isbservation of certain
environmental variables. While economist might find some solatieei supply versus
demand theory and will likely continue to contemplate its philosoplimalext, those
who are responsible for delivering and managing commodities to corsulesire a
clearer picture of the operational environment to aid in their idecieaking activities.
For these DM, excess demand can mean increased costs, for exartieform of
paying a premium for increased productivity for a resourceishaot in short supply or
needed right away. On the other hand, excess supply can mean ngastedes, say in
the form of too much inventory of ordnance at one location whidedésperately needed
somewhere else. It can also mean excess costs in the fdroidofg costs because of
too much inventory. On average, most organizations generallyhiamdselves with the
correct amount of resources (people, products, and or equipment), but firsklhesnm
with the incorrect amount of resources in the wrong place, at thiegwime, and/or in
the wrong quantity [17].

The airline industry, for example, utilizes load factor to attetopt least break
even by having revenue meet operating cost. Load factor is deteriny a several
variables and is constantly changing depending on which model is bsedy In

general, for every increment above the minimum load factor eaécliby an airline they
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will gain an increase in revenue and make a profit. Considerlareaivhose percent
utilization of an aircraft is at 70%. That means that with a<3€Q aircraft 90 seats do
not need to be occupied to break even. If the airline were to beoabé¢ one more
seat occupied per flight, thus reducing the number of open seats taa8%anual basis,
they would see and increase in utilization by approximatelye0.88r flight performed.
The net effect of this change, if one looked at the 2001 balancefsh&eitish Airways
would equate to a $65 million annual increase in profits for their 3GCagesaft [17].
One seat makes that much of a difference. Considering the nomftlights an airline
conducts over a year and the amount of profits one additional custampravide, this
should start to show the reader how important and critical foragastin be when the
outcome is based on a large scale or volume of resources.

How does all this relate to logistics the reader might alsk®the context above,
people are the commodity and the airline is the user tryingeiigtrthe logistical need
(number of seats on airplane) to break even and or make a profitU.Shenilitary is a
large consumer of resources and commodities during peace timepbaita#yg so when
involved in any type of operation that requires above and beyond planned lewgtdy
and delivery. The military too is faced with the conundrum ofrggtiesources, people,
and/or equipment to the right place, at the right time, and atdirect quantity to
achieve success in its missions. The need to be able to agctwatehst and predict
these needs is of strong importance and concern across the defemsanity. In the
first draft of the Joint Integrating Concepts document put out bydht Chiefs of Staff
in early 2006 the following, of many recommendations, in the arena of improvetic®gis

was set forth in the area of predictive analysis.
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There is the need to focus and “conduct experimentation to furtiieloge
predictive analysis of sustainment requirements. Recommend emphasis
application of initial sense and respond logistics areas by jdim
deployment and distribution enterprise (JDDE) in support of the joroef
commanders (JFC)” [58].

Other areas of emphasis also related to logistics concernedetbanination of the

optimum number of lift assets needed to support future operations aod atl multi
echelon priority systems, of which the goal is to identify sugplgrities in a theatre
where there exist competition for scarce commodities [58].

The task outlined above is extremely complex and large witly mgmamic and
interconnected pieces; not something easily solved in a short amaoumeadr by one
person. What is feasibly solvable is a slice of this environnnettitel area of Seabasing
and Distributed Operations. Seabasing and DO were brieflyildeddor the reader in
Section 1.1.3 through Section 1.1.5, but even this part of the future senses@mtre
environment for the military is too large. Finding a portion of &esidg and DO that is
of manageable scope and size to apply a methodology in predictiveigiges and
analysis is the goal. Before potential new methods for foiagast dynamic
environment such as the concepts of Seabasing and DO can be itegstagsystematic
research effort needs to be performed to see if there exrstadadle techniques capable
of modeling, analyzing, and simulating the proposed micro-environment samdriety

of subsystems.

2.2 System of Systems (SOS)

This field of engineering was born out of the realization byymaracademia and

industry that one can no longer work in isolation on a problem or desigme @xist too

41



many factors, complexities, and interrelated fields for one ti ttiiat all that matters in
the endeavor is one specific field. While some disciplines reapdre important than
others, collaboration and cooperation are becoming more intenselyargdessiwuch of
what is done today when looking for solutions. As knowledge and technptogyess
at a faster rate than it did the year before, working togdthe become an essential
ingredient to success in many endeavors. Long before the [@ysieen of systems was
utilized to describe the collection of independent systems wotkiggther to offer a
more robust environment, there existed systems engineering.

As a systems engineer, a person was responsible for looking@eat, problem,
or design from a holistic point of view. It was his/her job to haversiased view and
be able to see the needs of each discipline involved, but to aldbebi® antegrate them
properly in such a way that a feasible product or design wasntiegesult. Systems
engineering arose because the things we do as a worlddstarget more and more
complex. Design of an aircraft wing, for example, in théyestages of aviation iterated
on a particular shape or wing characteristics that was known to. wbhne tools and
methodologies to do in depth design and analysis were limited oalitdations were
insurmountable. As the computer and software technology developebtetias to
change. Increased complexity in aircraft design arosaulsecof many factors, some of
which were more powerful engines, transitioning from propeller terjgines, change in
flow properties, and assumptions around the aircraft that were no lealggr All of
these changes necessitated a new way of looking at the ggsdetiowed for design

solutions.
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This new way of looking at processes or how tasks are approadtestl foa a
change in thinking or a paradigm shift. Mauvris et all in [80tuks this type of change
as a result of the focus on design for affordability and theedésilook past just the
development and implementation of a design, but to also look at the ptibelustcle
from “birth to death” of a product. This new focus and an attémjpialance mission
capability with other system effectiveness attributes, whilepkey cost under close
attention was dubbeBesign for Affordability[80]. The three metrics focused on were
incurred cost, knowledge about the problem, and freedom available to figeedes
Figure 11 is inspired by this premise, but applied to a DM’s envieotumit shows initial
costs tend to be high with knowledge uncertainty and costs diminishikgoadedge

gathering is conducted, represented by the orange line.

Decision Maker's Environment

rF 9
High
| Reaction by
Yate Participants
-
2]
8 Crisis is
Over — Crisis
— Actual Response
\ Knowledge Uncertainty
: —— Ideal Response
Low \ )
Response .
Delay Time

Figure 11: Environmental Depiction facing Decision Makers
The goal for any DM is to gather information quickly that is ipertt and useful to

determining a COA to an event, represented by the red line. yplaaltreaction by
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DM'’s is represented by the blue line and the goal is to transfiois response so as to
reduce cost and reaction time according to the green line ineFigur What Mavris et al
proposed was the need to bring in physics based codes, enact corengheaéring, and
integrated product development earlier into the design process poasibdarly as
research and development; ultimately bring more information intedhg stages of the
process [80]. This approach can be applied to other areas wherg fandblution to a
design or problem is concerned. Design for affordability ancceimsideration of life
cycle costs are the norm, not the exception today. As technologgeshat a rapid pace
and new capabilities emerge, it is the designer or engirtbat will need to implement
them so that cost can be minimized and quicker reaction times can be realized.

With this in mind, no longer is it the sole goal of companies tggdesomething
new as the result of a successful past product. Now systegimeers and designers are
faced with the need for what sometimes requires a robust revolyticoacept, design,
or product to meet future needs. Not only is the engineering envinrananging, but
the customer or end user environment continues to change. Incmgporastomer
requirements and wants is now a factor and adds to the overall casnpfeke solution
process. There are many factors that increase the coty@ex this list tends to grow
as today’s problems are tackled. How systems engineeringdtgerith all facets of a

process, whatever that process is, can be seen represented in Figure 12.
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Figure 12: The Scope of Systems Engineering [125]
There is no set process when it comes to systems engindmrirtgere are a few general
guide lines that many tend to follow to insure a holistic approadh@gather as much
information early on as possible. The first step is generally toed#fenproblem through
an evaluation of requirements or needs for a design or project td. fulfiruly
understanding these requirements is critical. Failure to petiois step can potentially
cause failure to the effort before it ever really begins niixag what already exist that
may fit the needs or what is say a 90% solution, but is lacking in capabilitielsemaxt.
Keeping an open mind and looking to other disciplines that have been ineanaheir
approach to solving a problem is another approach. This functional iarsdigsild help
all involved understand the problem even more and enable them to beconageigtim

familiar with critical aspects of the design or problem. This gempeoaless is depicted in

Figure 13.
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Figure 13: General Systems Engineering Process [126]

Once this has been accomplished design commences and it is temssyst
engineer’'s primary responsibility to guide the project in actima that promotes a
successful design or resolution. Out of this environment is born shensyf systems
approach. This has been both an evolutionary and revolutionary proces® isThe
absolute definition of what constitutes a system of systems, by tead to agree that
they typically exhibit the behaviors of complex systems in wthladir interactions
typically expose and deliver important emergent properties [124]e ¢haracteristics
proposed and commonly known as Maier's criteria attempt to categdhe
identification of a SOS environment. They are managerial indepemdeperational
independence, collaboration amongst the sub-systems, emergent behavior, and

evolutionary behavior [73]. These five have been further augmentatt®yadding the
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traits of trans-domain, heterogeneity, and a system of netwaordgosed by De
Lauerentis [28].

The first five criteria are essential in identifying a SOS ifmetely for the fact to
help other engineers identify what a SOS environment is, but atsube as things get
more and more complicated and intertwined, a designer/engineer eamilg begin to
classify everything as a SOS without some form of geneeghged upon guidelines.
The definition of managerial independence is that the components sidtems are
separate and independent systems that are separately acgudenhtegrated, but
continue to maintain and independent existence of the SOS [73]. Tmtiaefof
operation independence is that if the SOS were to be separated segparated systems,
they would be able to operate usefully and fully on their owrubiylihg some oriented
purpose. Collaboration is the premise that these subsystems aommlyoworking
together to solve a complex problem, but they are also doing sg. frébke thought is
that the separate system for whatever reason, conscious thougl¢asian to integrate
is more beneficial than trying to operate independently. This doenecessarily mean
that the SOS is the most efficient way of doing something. h@rcontrary, it can be
more expensive especially if there is not one process ownermbendhat can see the
benefit of managing the SOS to that end. Emergent and evolutionary behaviors consist of
new and generally unintended consequences of the grouping of caliabmystems.
An example of this is the World Wide Web. Its intended use wasgdbange scientific
data between government scientist and it has transformed med@am that has given

the world access to one another in many ways, shapes, and forms.
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The final three derivative criteria, introduced by De Lauergattempt to further
define the SOS environment with the following definitions [28]:

Trans-domain - (Proposition) Effective study of SOS requires unifying kilgele

across fields of study: engineeriryggconomyypolicy yoperations.

Heterogeneity - Constituent systems are of significantlferdiht nature, with

different elementary dynamics that operate on different time scales.

Networks - Define the connectivity between independent systemseirs®S

through rules of interaction.

These traits further give the reader an idea of what typesobfgpns can be considered
as a system of systems. Using these defining charactetistidd aid in the process of
moving forward to categorize problems, define core architectureaatleastics, and
ultimately find a design point or family of solutions to a propeaig lout and defined
problem.

In a SOS framework, resources, operations, policies, and econaraicsed to
categorize roles of the involved elements and their interactiii?®.[ The complexity
associated with today’s SOS environment is the subject of inteags for many of the
reasons that necessitated the field of systems engindarithgg 1940’s. This reason
chiefly is increased complexity of the problem being analyz€&His field of research
continues to grow today as researchers, academia, and indusinualytevolve and
attempt to solve problems that in the past were considered imgo$mbhuse of
constraints that are being resolved today at a quickening pace aalilityeto manage

and process information/knowledge quickly and efficiently.
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2.3 Knowledge Engineering

Knowledge Engineering (KE) is a discipline that attemptsoidifg information
that can be quantitative, qualitative, or a combination of the twoaisuitable format for
computer application and processing [113]. One of the most recanidaes developed
to aid in this transformation is artificial neural networks (ANNhe concept attempts to
mirror the basic functions the most complicated and efficient peder” known to man;
the human brain. To this end, a set of basic principles have bedtisb&d to help a
designer create a knowledge-based system. KE involves two ovegatehants which
areKnowledge AcquisitioandKnowledge Codificatiofil13]. Both of these actions are
interdependent of one another because the designer must determitiesrwite
information or data being collected can be codified, but also must b¢cabbme how
acquire relevant and pertinent data. The reader is directed tarj81[[L12] for further
information on the topic of KE.

The two ways that knowledge is garnered in just about any situatieraijg
stems from operational data and or user experience. Operaticmdh damilitary sense
usually comes from executing missions under varying initial cammditand recording the
outcomes. This information, unfortunately, is very hard to come bedais classified,
convoluted, or data was never effectively recorded. Overcoming hibedles can often
be accomplished through modeling and simulation of the problem environBwiding
these models can range in complexity and it is important fodeékgner or researcher to
thoroughly understand the problem so that a representation created to aieslgot
space exploration and analysis can at least be verified and edliftat use in the

solution process. There exist several concepts or techniques undeatkdte used to
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promote the advancement in hybrid quantitative and qualitative enviroemeéhey will

be discussed next.

2.3.1 Soft Computing

Lofti Zadeh, a pioneer in developing computing methods, makes an observation
in [143] that the machine intelligence quotient has markedly iseteaver the years and
that there are many factors responsible for this, but in his opth@most important
factor could be referred to as soft computing, more expliithzy logic Prior to
exponential advances in the computer, mimicking the abilities of ihd mas very
difficult and computing primarily consisted of precision, certaintyd aigor [143].
Fuzzy logic allowed a departure from this by allowing fgplekation of imprecision and
uncertainty. This concept attempts to overcome the curse of donelity that in effect
states that as the number of features, variables, or dimemgiangroblem increase, so
does the amount of information and capability necessary to priace3he ability to
allow for imprecision and uncertainty by humans is apparent in eagryjife. We use
linguistic to describe how we feel or level of pain to medurattitioner. We use words
to describe time duration like long, short, forever, etc. It is upstoas processors to
determine what those words mean.

“Soft computing uses the human mind as a role model and at theis@arems
at a formalization of the cognitive processes humans employ feotieély in the
performance of daily tasks” [143]. Soft computing tenants areegpptiore and more
today and have proven to be very effective at modeling real world se\aerd
representing environment where human in the loop (HITL) interactimh deecision

making is unavoidable. The concept of fuzzy logic will be discussed in Section 2.10.
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2.3.2 Analogical Reasoning (AR)

Analogical Reasoning (AR) research focuses on basic cognitichamism such
as matching, retrieval, reasoning, and learning [26]. The goal ofsAB mimic the
ability of the human mind to logically and methodically go throughdiesion process
to come to a suitable answer, one based on the data presented.is Tisisally
accomplished by applying statistics in a variety of wayiselp solve problems. Several
formalisms that are capable of modeling some ones degreeeffdreliBayesian Theory,
Dempster-Schaeffer Theory, Information Gap Theory, etc. DemPstaeffer theory,
sometimes called the Theory of Evidence, does not need prior krgendé@ probability
distribution because it assigns probability to sets of possibiliidser than a single
event. One of the benefits of this theory is that it is capafbheodeling more precisely
based on natural reasoning that is conducted by human beings whematihey
information to come to a decision or course of action to take [19].ceSsidn these
applications has shown promise for generally simplistic models, tunfiely modeling
the complexity of full human cognition has proved to be very elusive.th@reason a
great amount of research continues in searching for the besbwegresent this ability
synthetically via a computer.

Info Gap Theory was developed in an attempt to overcome limitatibesent in
probability theory. It also seeks to solve problems with limitedwnts of information.
A model using Info Gap Theory groups sets of values of uncertaitttyone potential
value of uncertainty based on each sets level of uncertaintyccbmalish this task, the
robustness function and the opportunity function, are used. Ben-Haii]inlgscribes

the robustness function as the largest level of uncertainty that does not viaastraiot
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and the opportunity function is defined as the lowest level of uncerthiatyallows for
the possibility of success. Refer to [11], [19], and [26] for maferimation on AR

techniques.

2.3.3 Case Based Reasoning (CBR)

Case Based Reasoning (CBR) is concept that is inspirdtel®xplosive research
in artificial intelligence applications in computing. Its foundatitieson a set of well
established scientific fields consisting of but not limited to dbgnisciences, knowledge
representation and processing, machine learning, and mathematics [CBR is a
concept that attempts to organize information in a logical and usefuher by utilizing
a varying combination of these disciplines to represent holisbenm#tion via a database
that can be drawn upon to reduce decision time and uncertainty in ik@mnleoaking
process. The purpose of querying a database of these storediffaseslepending on
the application, but they are generally for two purposes [1]:

- To try and predict or forecast the future environment based on icutiaitions or
similar environments

- To identify correlation or emergent behavior between initial camditand outcomes
not readily apparent from single events

Technology advancements have allowed people today to be exposed toeasimgcr
amount of information and data. Although humans are very adept agmprgblving in
most cases, they do have their limits in so much as how muchmation they can
process. Computers on the other hand are virtually limitless ironyezapacity and are
continually getting faster and faster in terms of procesgiower, storage, and
computation speed. CBR can be traced back to the late 1970’s and tla gpeke can

be described as a cyclical process that is made up dbtineREs(Retrieve, Reuse,
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Revise, and Retain) and is displayed in Figure 7 [1]. The abh#@®added a new step
that could occur if solution is not found. This stefRexdefineand would take the place

of ReviseandRetainin the traditional CBR process if iteration of the process is needed.

PRIOR CASES
NEW B ’
PROBLEM

KENOWLEDGE
RETAIN DATA BASE

RETRIEVE

SIMILAR
CASES

UPDATE
REDEFINE DATA
BASE
PROPOSED
SOLUTION
REVISE

ACCEPT

SOLUTION

Figure 14: The CBR Cycle, Adapted from [26]
CBR is founded in an observation that successful problem solving isl noogpplying
similar solutions to the problem at hand. Learning is based on theptdhat a solution
was successful or partially successful. The use of Al alatiggumantitative information
is prevalent in many facets of today’s operations. An examphasois prognostic health
management systems in aircraft engines. This approach and tephhelps to identify
problems well before they can become catastrophic. Figurddssshow sensors are

incorporated to relay information to a DM to assess aircraft engine health.
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CBR and Artificial Intelligence (Al) are two complimentary concefhiat have been the
source of great research in recent years as outlined in [26], [60], [87], [122], [123],
[140], and [143].

Solving a problem with CBR first requires evaluating a probdemh measuring
the similarity of the current input characteristics to the imghatracteristics of a previous
problem along with its associated known outcomes or proven solutions. This technique is
referred to ak Nearest Neighbor (kNNJnd seeks to find the most similar case or cases
to the problem currently being investigated. Often times thisomaplished by
calculating the Euclidean distance between a case vectoquemy vector. There are
several methods and techniques that apply weightings schemegargbrate a variety
of other methods like neural networks to facilitate this procéisxt in the process is to
retrieve one or more similar cases and applying the solution gyrqgumeposed by the
system, generally with some adaptation to account for any diffeserThese adaptations
are usually proposed and applied by experts who are HITL partisipal he resulting
solution is then retained in the knowledge database as a “newthedsm=n be appended
to the information and solutions the database has available. Sometiuse of a case

based solution presented during a CBR query results in a solutiors thighificantly
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different between the new case and the retrieved one. In thegsmsiances adaptation
or revision of the information may be adopted to account for these differences.
Adaptation becomes ever necessary when constructive problem solvingutasks s

as design, configuration, and planning activities are being exe@fgd fFor tasks such
as these the likelihood that an exact case or very closedsaslevant or present is low,
so the solution is an initial solution and will likely need someaiten or analysis
performed upon it. In applications such as classification and diagraosiattractive
feature of CBR is the ability to explain the predicted outcomshioyving the user one or
more of the target problem’s nearest neighbors. As noted by Ldak results of CBR
systems are based on actual prior cases that can be presettieduser to provide
compelling support for the system’s conclusions” [67]. However, iditdr@ature search
several authors have questioned the effectiveness of precededtexgpd@nations in
which the user is simply shown the case that is most sitoilde target problem. Much
research in the area of what is the best methodology to appgR/ tGBa problem is
underway as is evidenced in [26]. This reference gives an extcellerview of the state
of the art and applications many researchers are investigatthgonducting in the area
of knowledge management through CBR. For further applications of tG8Reader is

referred additionally to [1], [60], [67], [90], [91], [94], [104], [112], [113], and [123].

2.4 Multi-Attribute Decision Making (MADM) Methods

Decision makers throughout history have continually developed methoe®kagi
assess, evaluate, and select the most suitable course of agganagset of goals or
objectives. The advent of technology, especially in computing haseallavach of the

intensive mathematical calculations that once prevented quick anahgiresults from
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occurring to now become a reality. These methods are oftemekfeo as Multi-
Attribute Decision Making (MADM) methods. As with any decisiomakimg process
there is always more than one solution and often times the rankihg bést solution is

driven by the user’s preferences.

2.4.1 Distance Metrics

A distance metricd(x,y) is used to measure the similarity of two vectors, x and y,
in a space of N dimensions. The distance metric must have tbwifal properties
[108]:

1. The distance between two identical vectors is z#{pq:x) =0.

2. The distance betweenandy is the same as the distance betwgeamdx:
d(x, y) = d(y, x)

3. The sum of two distances must be less than or equal to the sura of th
individual distancesd(x, z) d(x, y) + d(y, z)

The Euclidean distance between twdimensional vectors X and Y is defined as:

n (X, -Y), Equation1

| I
1

D(x,y) = \/((Xi - yl)2 +(X2 : y2)2 +"'+(Xn : yn)z) =

where, X :(xl,xzy,xg...xn) and Y :(yl,yzl,yg...yn). The sum squared difference metric

is sometimes used in place of the Euclidean distdocsave processing time. For the

same two vectors previously define, X and Y, antength N is defined as:

N
dx,y)= (X, - Y) Equation 2

1
Distance metrics help to determine how close aufeabr query vector is to another. If
the query vector is with in a specific distancéhte desired vector, then the pattern can be

classified as a member of the desired vectors grolipese metric can also be used to
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determine how suitable a course of action vectdpipast event vectors. In terms of
meta-models that use artificial neural networkeséhmetrics are widely used in various
forms of supervised and unsupervised training axecwion of the neural network.

Neural Networks will be discussed further is Sato8.

2.4.2 Technique for Ordered Preference by Similarity (TOPSIS)

A popular technique for ranking alternatives is etlmd called the Technique for
Ordered Preference by Similarity to the Ideal Solu{TOPSIS). TOPSIS performs the
ranking by normalizing all of the metrics that arsed to measure the potential solutions
ability to meet the required objective [50]. TOBS#&cilitates the creating of a positive
ideal solution that has the best attributes frochea the potential alternatives and also
creates a negative ideal solution that containswbest attributes of each potential
alternative. Each metric is then normalized andylnted based on a relative importance
of the objective or goal being sought. UtilizingetEuclidean distance, discussed in the
previous section, each potential alternatives degdrom the positive and negative ideal
is calculated and then the alternatives are ramleséd on the distances from closest to

the positive ideal or furthest away from the negatdeal solution.

2.4.3 Overall Evaluation Criterion (OEC)

The Overall Evaluation Criterion (OEC) allows deémms makers to get a single
measure of “goodness” of tidé number of alternatives being investigated. A basel
alternative, ORj N, Baseline MUst first be established to measure alternatnanst for OEC
to be performed. Once this is done, the altereati®bj N as can be measured relative

to the base line’s characteristics. The followewuation is displays how the OEC is
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calculated when the goal is to maximize an objectitke the number of enemy

combatants eliminated:

OEC, . = b, x 0hau gy o ) OPhvax o ation 3
Alt,x ! Objl,BaseIine ? Objz,Baseline o Oij,BaseIine

where, theb, term represents the weight, generally between aedoone, specified by

the decision maker for each particular criteriorhis allows a decision maker to allow
select criteria in the overall problem to carry manr less weighting if the criteria is

deemed more or less important than another; otBervli, , can be evenly distributed

by dividing one by N if all criteria are to be tted with equal weight. If the goal is to
minimize the objective, i.e. to minimize friendhasualties, th€@bj terms of the above
eqguation would need to be inversed. This technigjaesimple, but very effective way to

compare various alternatives to a baseline solution

2.5 Design of Experiments (DOE)

A Design of Experiments (DOE) is an approach twisg problems through data
collection that enable valid, defensible, and sufgide conclusions [96]. These
experiments attempt to explore a design space véetaof ranges placed on input
variables that are thought to uniquely and acclyatefine the output or responses of a
problem being analyzed. The inputs to the DOEoati@ogonal to insure that the effects
of each variable are not correlated with one amofBé]. Computer models and
simulations coupled with a DOE allow for the autt@dhexecution of a wide range of
settings to explore and investigate potential oue® in a design space. DOE’s have
been developed to provide insight to different arefaithe design space. A full factorial

is the most exhaustive experiment that can be adaduas it explores every possible
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option. The number of experiments for a full faizbis determined by the equatidh
wheren is the number of variables being investigated anepresents the number of
discrete settings. For an experiment that hasatidbles and two settings, a full factorial
DOE results in 16,384 cases to be executed. éf’'s have been developed such as
the Central Composite and Box-Behnken designssilgatficantly reduce the number of
simulations that need to be run and still retamgh level of fidelity when exploring the

design space [16].

2.6 Scenario Approach

These types of approaches were developed as aovag tn DSS’s for strategic
analysis and planning. They consist of carefullgireining and constructing a model that
represents a set of potential future states. Dlakig to provide synthetic information by
representing a complex network of the problem beamglyzed. The scenario is
supposed to give decision makers a better undelistaof what futures could lay ahead.
Scenarios are extremely popular in today’s worlanafdeling and simulation especially
among military planners and analyst and corporatésébn makers [88].

Scenarios carry several definitions depending omtwdontext they are being
utilized for and the goal of the user. Some feelnsrios are cognitive maps that allow
for the quick update and search of relevant infdiona Others view them as potential
future states that aid in clarifying alternativesile some use them to try and forecast or
predict the future. Scenarios can generally bssdiad into descriptive and normative.
Descriptive scenarios are characterized as prayidnsights into cause and effects
relationships, where as normative scenarios explamto achieve a set goal [76]. These

types of approaches have always been a part ahifitary environment [88]. Trying to
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predict what an enemy might do during battle ordeaing analysis of potential hotspots
around the world helps the US military to be pregafor action, immediate and long
term, as well as aids in formulating direction faaining, research and development of
new technologies, and decisions on where to sicatibgplace forces as a deterrent in a
region. These methods also help to clarify critigariables and their associated
uncertainties when viable.

When considering the framework of today’s world,adcterized by quick
changes, volatility, and uncertainty resulting frtime dynamics of the social, economic,
and ideological variables that shape the operdtienaronment, analysis and planning
of potential futures (forecasting) allows decisiorakers to plan and act accordingly.
These types of frameworks also provide a conduitiézision makers to see the possible
results of decisions made with varying levels oftaiaty based on the modeled
environments fidelity. One way of doing this isetatively new approach to M&S called

Agent Based Modeling (ABM).

2.7 Agent Based Modeling and Simulation (ABM/S)

ABM came about because of the desire to be ablactorately simulate real
world scenarios, events, and interactions and ésg@lto gain a deeper understanding of
complex, dynamic, and non linear behaviors amolaystlevel components. It uses a
bottom up approach to create a model of completesys that relies on creating simple
“agents” and defining interactions in between thagents to generate a system that
represents realistic behavior. ABM/S is primatibed to enhance understanding of what
ordinarily is likely viewed as an environment withultiple entities, with different

behaviors, and differing characteristics. EmplgyiABM/S often times affords a
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designer or decision maker a way explore optioas uhder normal operating conditions
could be detrimental, costly, or just plain infédesi This technique, if setup properly,
can accomplish several outcomes:

- Provide emergent behaviors that go unnoticed dugagworld activities.

- Allows a decision maker to see the impact or |afcknpact of input variables.

- Allows the incorporation of personality traits ainous entities to be modeled in one
environment along with rules of interaction.

- Allows a decision maker to see potential evolutban agent’s ability to learn.

According to Lewe in [68] “the major strength of M8S comes from the fact that it is a
simple, versatile, and flexible method that is veelited for studies of complex non linear
systems.” Biltgen provides a straight forward déag of the concept of agent based

modeling and it is reproduced in Figure 16 below.
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Figure 16: Flow Diagram of Agent Based Modeling][13
ABM/S can be a very helpful tool in allowing decisi makers to expend very little
resources besides manpower to build a model anguiimy power to pose, examine,

and propose solutions to a multitude of problemdsy dimited by the creator’s
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imagination. This capability can be very usefulpioviding support for a solution or
family of solutions for problems as long as the elad representative of the problem

environment and the assumptions inherent in theeirer@ understood and valid.

2.8 Meta Models

As technology advances and computers become maqrablea the models
designers and engineers build will become morenaoie complex. While this does add
fidelity to the modeling and simulation processlgo adds complexity and computation
time to the tasks of useful design space explaradiad rapid assessments of the design
environment. In the past, linear methods were useapproximate multi-dimensional
curved spaces and that was the best one coulda@muse computing power was limited.
This is no longer the case and several methods heee developed over the years to
create meta-models or models of a model to helitéae design space exploration to
reduce the design space so that detailed analysexmoration can be accomplished
without having to iteratively explore the entiresig space. Two popular methods are

Response Surface Equations and Artificial Neuraingeks.

2.8.1 Response Surface Equations (RSE)

RSE’s are a set of equations that attempt to madsimplex system model that
has several input factors that drive the responsesutcomes of a design. RSE’s are
referred to as quadratic regressions and are ysaaiployed when simplification of
complex and intricate models are sought. Theyweapghe dependencies of responses or
output metrics, to the independent input variahleed to characterize or define the

design space [64]. The process utilized to geedR8E'’s is called Response Surface
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Methodology (RSM). “RSM is a set of techniquesigiesd to find the “best” value of a

designed response” [65]. The general form of a BShown below:

k k k-1 k

R=b,+ bk + bk?’+ b kik, +e Equation 4

(o] (| 1]
i=1 i=1 i=1 j=i+l

where R = the dependant parameter (responsefjeoést

bo = the intercept

bi = the regression coefficients for the firsl@r terms

ki,j = the independent variables

bii = the coefficients for the pure quadratiarer

bij = the coefficients for the cross product term

= error term

The process of formulating RSE’s was very diffichéifore the advent of the computer
and software programs for statistical/DOE platfarmvghile useful, RSE’s do have their
limitations. They can only be used in smooth, twdus, and well behaved design
spaces; discontinuous spaces can not be modeledRBIE’'s. RSE’s are also limited in
the number of independent variables that can baidered before the model breaks
down. Once the RSE has been generated and a iyj@ddtermined, these meta-models
can be employed for variety of analysis. One stegbability is the ability to perform
sensitivity analysis on input factors as compam@dhe responses. This is important
because as the design space grows the abilityeofi¢signer to intuitively see variable
effects on the responses diminishes [65]. RSHisatso be used for optimization of the

design space thus replacing complicated or costhning of codes for subsequent

analysis.

2.8.2 Artificial Neural Networks (ANN)

It has been said the most advanced computer knowrah is the human brain. It

has been estimated that the cerebral cortex habillidd neurons [61]. Each neuron has
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1000 dendrites (input path), hence 100,000 bilBgnapses (computer processing) [61].
Each neuron can fire at about 100 times per sedbid, potentially executing 10,000
trillion synaptic activities per second [61]. # almost logical then that to emulate the
human brains capacity for problem solving alonghwabmplex computer programming
would be beneficial in many ways.

Several distinguishing features of ANNs make therluable and attractive for a
forecasting effort. First, ANNs are data-drivenfselaptive methods. They learn from
examples and capture subtle functional relatiorsshapnong the data even if the
underlying relationships are unknown or hard tocdbs [148]. Thus, ANNs are well
suited for problems tasks whose solutions requi@nktedge that is difficult to specify,
but for which there is enough data or observatiocond, ANN can generalize or
postulate, even in the presence of noise, aftargopiesented with a data sample [49].
This capability has shown the ANN capable of deteimg underlying relationships not
always evident in typical analysis processes. dTh&ANN’s are universal function
approximators; in that it has been shown that vort can approximate any continuous
function to any degree of accuracy [49], [55]. dHy, ANN’'s are well suited for
nonlinear problems and able to be applied to areasingly large amount of real world
problems previously unsolvable with conventionahelir or linear approximation
methods [49]. ANNs have shown the ability to pdevacceptable surrogates for certain
analysis activities and more information on thddgacal inspiration of ANN can be seen

in Appendix D.
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2.9 Monte Carlo Simulation

A Monte Carlos Simulation (MCS) is a very usefuthrique for performing
uncertainty analysis. There is really no one atrreethod for conducting MCSs, but
they all do tend to have the following steps tocexe an experiment [89]:

Create a parametric model, ¥(X1, X, ..., %).
Generate a set of random inputg, Xo, ..., Xg.
Evaluate the model and store the results.as y

Repeat steps 2 and 3 for 1 ton.

a kr 0N E

Analyze the results using histograms, summary ssiegi confidence intervals,
etc.

Monte Carlo methods generally are employed whennbt feasible or it is impossible to
compute an exact result with a deterministic mefd@jl. Shonkwiler in [118] states that
“Monte Carlo methods are used to simulate stoahgsticesses that occur in science,
engineering, business and entertainment, to nuaiirisolve problems in mathematics,
science and engineering, and to ensure the seafrithata.” MCSs model uncertain
input variables with a probability density functeo(PDFs) and involves running a large
number of experiments in which the input valuesehbgen randomly sampled from the
PDFs. This random sampling of each independeniablar for each case that is
simulated is usually generated from a uniform distion, but other distribution shapes
(Gaussian, exponential, etc.) can also be uselkeifdesigner is confident in the input
variable’s representative shape. The result oetperiments is cumulative distribution
functions (CDFs), which are the result of taking thtegral of the output PDFs. The
CDF can then be used to quantify the ability to hseene requirement, need, or desire by

the decision maker based on distinct input variahblaes.
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Monte Carlo techniques are very difficult to emplehere complex analysis is
involved, such as time dependant or dynamic enwenmts. For this reason, they are
often combined with a meta-modeling techniques lctv thousands of cases can be run
on a simplified equation of the environment, likBERs or ANN'’s; often times yielding a

good probability distribution of the outcome thawery useful to decision makers.

2.10Fuzzy Logic and Fuzzy Sets

So far as the laws of mathematics refer to reattgy are uncertain, and so far as they
are certain, they do not refer to reality.
- Albert Einstein

The idea of fuzzy logic/fuzzy sets is not a new aapt, it was originally
introduced by Lofti Zadeh in 1965 as an attemptiéal with ill-defined problems (real
world problems), often characterized by a certagrde of uncertainty and vagueness.
The HITL decision maker is able to process genggtlimost nine pieces of information,
often times that number is just seven [35]. “Thstpglew years have witnessed a rapid
growth in the number and variety of applicationdu#zy logic, ranging from consumer
products and industrial process control to meditstrumentation, information systems,
and decision analysis” [142]. Just about any fayfmengineering, mathematics, or
science is now capable of being converted intozayfisystem. One of the fundamental
guestions brought forth when trying to model thenan problem solving process is, how
do we learn? Another question of interest is hawwek express ourselves? People
communicate linguistically (with words), that isvabus, but what is the exact meaning
of those words? Computing with words is a necgssiten the available information is

too imprecise to justify the use of numbers, an@nvthere is a tolerance for imprecision

which can be utilized to achieve tractability, remess, low cost solutions, and or a
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better rapport with reality [15]. When a persoaks at another and says he or she is tall
or short there really is no clear definition, mwfht comes from a person’s perspective
or inference with what the definition of tall or@his. One person may think tall is
someone over 510", while another may think only@me above 6’0" is tall. This
discrepancy is apparent in many real world situestiovhere imprecisely defined
“classes” play an important role in human perceptiothe areas of pattern recognition,
communication of information, and abstraction [144 fuzzy set is a class of objects
with a continuum of grades of membership and isradtarized by a membership
function,fa(x), which assigns to each object a grade of memberahiging between zero
and one [144]. The notions of inclusion, uniontersection, complement, etc from
classical set theory are extended to fuzzy set®rieion principle). A classical set is a
theoretical container that wholly contain or exdsdbjects based on their properties.
For example if we had a bunch of words that wemnalmers and colors the two ensuing
classical sets would be one of strictly numbers amnel of strictly colors with no cross
over. This theory was introduced by Aristotle whist formulated the Law of the
Excluded Middle, which says X must either be in/Aser in setnot-A[78].

A fuzzy set,A, in X is characterized by its membership functifuix), on the
interval of [0,1], withfa(X) representing the grade of membership. Reasonittigfuzzy
logic is the “smudging” of the familiar yes-no (Bean) logic where true (yes) equals
one and false (no) equals zero; it also allowseskuch as 0.3 or 0.77. For instance if
we were to take the dominant colors of the rainbma, orange, yellow, green, blue,
indigo, and violet; these by themselves could mgasd values along a crisp (clearly

defined) set of numbers to associate color dediniti Looking at close proximity colors
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with respect to blue in Boolean logic the followingestions would get the following
response:

Q: Is green the color blue?
A: O (false or no)

Q: Is blue the color blue?
A: 1 (true or yes)

Q: Is indigo the color blue?
A: O (false or no)

Q: Is violet the color blue?
A: O (false or no)

But with fuzzy logic you would get the following swvers:

Q: Is red the color blue?

A: O (false or no)

Q: Is blue the color blue?

A: 1 (true or yes)

Q: Is indigo the color blue?

A: .88 (for the most part yes, but slightly notd)ju
Q: Is violet the color blue?

A: .56 (yes, but not a true blue)

So a plot one can expect of the crisp responsef@ny response to the question of

“blue-ness” theoretically would look like the orfeosvn in Figure 17 below.
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Figure 17: Example of Crisp versus Fuzzy Response
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Now consider a continuous plot of Figure 17 showRigure 18 below.
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Figure 18: Example of Continuous Crisp versus FuRegponse

The plot on the bottom of Figure 18 shows a smgothtying curve that accounts for the
fact that all of blue and to a partial degree,ow&|lgreen, indigo and violet partake some
quality of blue-ness and thus deserve partial meshigein the fuzzy set of the definition
of blue. The ability to display this informatiom ia continuous fashion instead of
discreetly will have important implications espdlgian the area of taking the derivative.
It should be noted that although the membershiptian may appear to look similar to a
probability density function, there are differenaesd the fuzzy set is non-statistical in
nature [144].

As was indicated in the example above, there i®igdly some overlap between
fuzzy values, hence membership. There are setgpak of shapes available to the

designer for characterizing input membership fuomgi consisting of triangular,

69



trapezoidal, Gaussian, exponential, polynomial, smdn. From the literature, a good

rule of thumb for overlap is usually about 0.5, bah be less depending on the variable
characteristics [105]. Determining this overlapais the discretion of the designer.

Examples of some of the shapes and corresponderiapvpossibilities are below.

1 15

DAYE

Trapezoidal Membership Function Polynomial Membership Function

L
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:

T

Triangular Membership Function Gaussian Membership Function

Figure 19: Sample Fuzzy Logic Membership Functions
These types of overlap in the fuzzy value systemsmnetimes cause several rules to
fire simultaneously with differing truth levels, @adictating a different output fuzzy set.
To solve this dilemma, several resulting fuzzy seis be integrated via an aggregation
operation to obtain a reduced fuzzy set that dessrihe output of the end fuzzy system
[105]. Generally the OR operator is used for #ggregation process.

Fuzzy Inference Systems (FIS) are the conduigfiplying fuzzy logic and user
defined membership functions. They generally cingfi four main components. They
are the knowledge base, which contains the fuzigsr(rule base) and the database
(membership functions), the fuzzifier (convertssprivalues to fuzzy one), the inference
engine that applies the fuzzy reasoning input &y dbsigner, and a defuzzifier, which

can take fuzzy output and translates into a cngpuwd. A diagram of a FIS can be seen

70



Crisp
Input

Knowledge Base
( Database >

Fuzzifier

(Database )

Inference

in Figure 20. The key steps to solving a fuzzybpem are as follows [61]:

Fuzzy
Tnput

Engine

Fuzzy

Qutput

b
Ld

Defuzzifier

, Crisp

Figure 20: Structure of a Fuzzy Inference Systed5d]1

1. Understand and define the problem in detail.

2. Determine the variables and their ranges.

3. Apply appropriate membership function profiles &xle variable.

" Qutput

4. Determine IF-THEN rule statements and using logigedrators if necessary.

5. Select an appropriate de-fuzzification methodology.

6. Test the system to verify correct outputs; if neede back to step 3 till error is
within acceptable limits.

Focusing back now on the linguistic aspect okjugets, Zadeh in [145], [146]

and [147] goes on to describe the use of lingisséis a variable. The reason for the

direction in utilizing more qualitative statementhan quantitative data is the

ineffectiveness of computers to deal with or enmulaimanistic systems. Zadeh calls

this phenomenon therinciple of incompatibilityf145]. This principle asserts that high

precision is incompatible with high complexity. Bfeng that conventional techniques

and mathematical abstractions are incapable ofrataty modeling the complexity of the
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human thought process and decision making criteflaus an exploration into an area of
less rigor in definition of an environment is neg@md born was the idea approximate
reasoning The definition ofapproximate reasonings “a type of reasoning which is
neither very precise nor very imprecise” [145];weriddle of the road, but as the reader
should begin to understand very necessary for egtpins towards real world problems.

A linguistic variable is structured in such a wdnatt it is associated with two
rules; they are thgyntactic ruleand thesemantic rulg146]. Thesyntactic rulespecifies
the way in which the linguistic values which aretl® term-set of the variable may be
created. The term-set is the totality of valudsm@uistic variable is capable of having.
With regard to this rule, the assumption is thattérms in the term-set of the variable are
generated by a context-free grammar [145]. $bmmantic rulespecifies the procedure
for computing the meaning of any given linguistalue. In this context, the use of a
typical value of a linguistic variable, e.qot very X and not very Yhvolves what are
called theprimary terms, i.e. X andY, whose meaning is both subjective and context-
dependent [146]. We assume that the meaning of ®uols isa priori. Besides these
primary terms Zadeh also refers to connectives sudinds or, either, neitherand the
negationnot; as well ashiedgesn the form ofvery, more or less, completely, quite, fairly,
extremely, somewhatic. [145]. These three types of modificationshi® primary term
may act as operators that modify the context of thgerands in a context independent
fashion [145]. Finally, Zadeh refers to the fawattthe base variable acting in a fuzzy
fashion is linked to a suitable interval that canlinked via a compatibility function; i.e.
if the linguistic variable iwery tall, there will be some height that is associated with

linguistic and associated with some membership tionc[147]. In other words the
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compatibility function is based on a set of nonilexpimpressions generally only
cognitive to a human and not directly to a computérich generally requires a set of
well defined mathematical or numerical objects.r &anore formal and mathematically
intensive explanation of a linguistic variable atsdapplications, the reader is directed to
[145] , [146], and [147].

The main advantage of the adoption of fuzzy logi¢che ability to take vague
concepts or linguistic expressions and use thepetfmrm calculations. The use of fuzzy
variables can be very instrumental in solving peaid where HITL decision-makers are
required. To this extent, fuzzy logic makes itsgible to reproduce the sometimes
ambiguous and subjective way of thinking condudtgdiuman beings. There are many
aspects of the fuzzy systems from fuzzy rules, yuprobabilities, and others not
discussed in this section like fuzzy graphs. Ineasential way, these methodologies
reflect the fact that imprecision and uncertainty pervasive and precision and certainty
carry a cost. “In the final analysis, the prineiglim of these methodologies is to exploit
the tolerance for imprecision and uncertainty tbiewe tractability, robustness, and low

solution costs” [142].

2.11 Fuzzy - Neural Networks

With the advancement of technology in the late 1980d early 1990’s there has
evolved ideas and concepts that seem to be boht ogt of the movies. The
advancement of widely available electronic consupmeducts such as washer machines,
microwaves, ovens, digital cameras, cell phoned, digital entertainment systems has
incorporated extremely innovative capabilities. e3é features allow the consumer to

basically just plug and play these products, meagtiat users need to know very little
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about their operation for them to work. Today thachines contain extensive logic that
allows them to operate almost autonomously. Theesemicrowaves and ovens that will
adjust the cooking temperature and cook time basethferences of what stage of the
cooking process an item might be in or by measuttiegmoisture in the air. There now
exist music systems that track a users preferanaesisic genre and “learns’ to play not
just the particular songs selected, but otherssimalar class. There are digital cameras
that focus in on particular objects and even elaterthe slight movements of the human
hand to create clearer and crisper picture qualithe list goes on and on. What has
made this possible? Zadeh refers to this enalslédhe@ Machine Intelligence Quotient
(MIQ). He states in [143] that MIQ has resultednfrthe move away from the rigors of
mathematically intensive computing to an areaadf computing Soft computing is the
idea that that precision and certainty carry a eost that computation, reasoning, and
decision making should exploit--wherever possiliie tolerance for imprecision and
uncertainty [143].

The principle ingredients of soft computing primhaconsist of the theories of
fuzzy logic, neural networks, and probabilisticgeaing with the last proliferating the
areas of genetic algorithms, learning theory, ahdotic systems. Fuzzy logic is
primarily concerned with the imprecision in realndoproblems, neural networks seek to
provide a learning environment in which to classfyd identify patterns or underlying
causal relationships, and probabilistic reasonimgks to deal with the inherent
uncertainty associated with real world designs prablems. The inherent overlap in
these three areas is readily apparent, but whattiguing to many engineers and

designers who use these methodologies that theseindividually used methods are not
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competitive with one another, in fact they are cbmentary [143]. By this definition it
is meant that the inherent drawbacks of one metaodbe overcome or minimized by
incorporating the pros of the others. Exampleshdf are the increasing use of neuro-
fuzzy networks that are being created for the psepoof learning and adaptation to
varying applicable environments.

Probabilistic reasoning is a new area not yetusised, so a basic overview of this
topic is warranted. The general approach to figdinlutions to problems is normally
dealt with assertions and their causal relatiorsshipor example if we know someone has
a fever and has the flu, then the assertion sornfiebody has the flu then that person has
fever. Although this assertion seems true, it caroe expressed with 100% certainty.
There is some degree of belief or disbelief assediaith the assertion. The problem is
how to associate a degree of belief or of disb&h#i assertions or [104]:

How do we associate beliefs with elementary asses®

How do we combine beliefs in composite assertiawsnfthe beliefs of the

component assertions?

What is the relation between the beliefs of caysalhnected assertions?
Estimates for elementary assertions can be obtdinadexperts (subjective probability)
and from frequencies (if given enough data) [12R]is very hard to come up with good
estimates for beliefs, one should always consitler question'What if the guess is
bad?". Estimates are needed, given the belief in asserK andY, for the assertions
complement, union and intersection XfandY. Evidence must be combined in cases

such as [122]:

We have a causal connection from asseroto assertiorlY, what can we say
aboutY if Xis true, or, vice versa, aboxtf Y is true.
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We have a causal connection from asserfdo assertion¥; andY,, what can
we say abouX if both Y; andY; are true.

We have a causal connection from assertfpto Y and a causal connection from
Xz to'Y, what can we say abo¥twhen bothX; andX; are true.

Probabilistic reasoning usually starts with a nvaltiate model that contains a set of
variables and a defined probability distributid?( ) [122]. The goal is to measure
some hypothesia with the aid of some eviden&[46]. This can be represented by the
following equation:

P(AC B)

P(A|B)= 5(B)

Equation 5

An important benefit of probabilistic reasoningtie fact that it is non-monotone with
respect to the available knowledge. As a consemjegven if a hypothesis is almost
perfectly likely to be true {false}, it may lateurn out to be false {true} [46]. If the
reader is interested in learning more about prdiséibi reasoning they are referred to
[94] and [117].

When one designs a neural network alone, the tateicdictates that it is
essentially a “black box” environment, meaning éhéx not much transparency in the
logic used to come up with an answer. Inputs dgo the environment and logical
outputs come out. Fuzzy systems require an uradethstg of the fuzzy input variables
and their associated membership functions. Thetitgpoutput relationships as well as
the good judgment by the designer to select theroppjte fuzzy rules that will
contribute most to the solution of the problem esign being investigated is also critical.
The curse of dimensionality is something many esgis are familiar with when dealing

with problems with multiple variables with variedtngs [48]. For example consider a
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system that has five inputs, with three settingsheand one resultant output; the total
number of rules in a fuzzy system would BeB243, and for 6 inputs it becomes 729.
This is a large number of rules, and the likelihdbdt many significantly impact the

solution to the problem is low. Much researchusrently under way that is focused at
minimizing this issue.

Fuzzy neural networks are gaining popularity idustry, research, and academia
for their abilities to help a designer easily moasd! world problems and apply a useful
level of imprecision inherent in these problems. hiM/ fuzzy systems and neural
networks both have the ability to work with impon and where the space is not
defined by crisp, deterministic boundaries, theyhdwee their downfalls. Fortunately, the
drawbacks of neural networks and of fuzzy systears usually be overcome if fuzzy
logic operations are incorporated in neural netwodkd learning and classification
accomplished by neural networks is implemented iizzy logic [61]. For more
information on this subject and its underlying piptes the reader is directed to

Appendix D.

2.12 Decision Support System (DSS)

Decision Support Systems were originally develofetelp aid decision makers
in the decision making process in the early 197008. These tools, systems, or methods
allow a DM to scope and scale the problem theyfazed with into a more manageable
data space. DSS usually incorporate a set of duves which aid in expanding the
cognitive space of the DM through use of a compiltatis capable of accessing relevant

databases or knowledgebase’s. The best defirofiarDSS is given by Adelman [2]:
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Decision Support Systems are interactive compudsetdh systems
(software), which use analytical methods such asisd® analysis,
optimization algorithms, etc, in order to develgppeopriate models that
will support decision makers in the formulation atfernative solutions,
the resolution of the reactions amongst them, tihepresentation, and
finally in the choice of the most appropriate smntto be implemented.
Thus, DSS are systems that attempt to leveragetasalexpertise, models, etc.
that can be used to define or visualize an envieminthat is likely complex,
nonlinear, and or ill-defined. Quality in decisioraking is generally the result of
these systems and also can provide justificationsfecific COA selection or
reasoning for a decision. These tools help alteviae burden of data processing

and management for a DM and have the potentiatdeige visibility to multiple

users involved.

2.13Literature Search of Tools

The preceding methods and techniques are ofterstapelied or incorporated
into tools that have been created to meet a spawkd or have been designed to be used
for a certain class of problem. This section gille an overview of several methods and
applications they have been utilized in to provide reader applications to forecasting

analysis, supply versus demand, and how surroggliecations can be incorporated.

2.13.1 Auto-Regressive Integrated Moving AverageARIMA) models

This method is a time series forecasting methotlithaometimes referred to as
the Box-Jenkins method. The model consists of ethparts consisting of an
autoregressive (AR) portion, the degree of diffeneg involved, and a moving average
(MA) calculation [74]. In this fashion the modebarc also be referred to as the

ARIMA(p,d,q) model wherep is the order of the autoregressive pdris the degree of
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differencing, andy is the order of the moving average process [6]s & generalization
of the autoregressive moving average (ARMA) modesth are given a time series set of
data,X;, and attempt to better understand the data oretdigi future points in the series.
There are several models in ARIMA to choose frorohsas the ARIMA(0,0,0) and
ARIMA(0,1,0) [74]. The ARIMA(0,0,0) is a simple mdom model made up of two parts,
an overall mean,, and a random error compone&t,which is independent from period
to period. Its equation is as follows [74]:

Y, = mt+e Equation 6
The non-stationary random model, ARMIA(0,1,0) isemthe observatiory;, depends
on the previous observatiofy; and is represented by the following equation [74]:

Y, =Y., t€§ Equation 7

The figure below shows illustrations of the timeies® data for these two processes.

Data Data
N=100 N=100

ARIMA (0,1,0)

ARIMA (0,0,0) - No AR aspect

-No AR aspect - "Wandering Mean" and

-No Differencing changing variance-harder

-No MA aspect to deal with
- No MA aspect

Figure 21: Time Series Data Examples for ARIMA medé4]
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2.13.2 News Vendor Model

This model is utilized in the manufacturing fiela lhelp predict components or
resources in which there is only one productionpoocurement opportunity [17].
Because that opportunity occurs well in advanceat®ofintended use or selling of a
product, the entire order is received just beforselling season or the usage period in
guestion starts. There is a fixed cost per urdemed and generally the decision made,
based on predicted demand, will either leave yah wail your goods sold or delivered;
i.e. demand exceeds quantity ordered. Or demalhdbaviess than the quantity ordered
and leftover goods will be the result. Either vealpss is incurred through lost profits or
increased costs due to extra inventory that wkillf have to be written off or sold at a
reduced rate. The goal is to forecast and prezkettly what is needed by matching
supply with demand. The basic premise of this rha balance the cost of ordering
too much against the cost of ordering too littI&][1 This is accomplished by using a
combination of intuition and data analysis to comndtthe forecast. The intuition part
comes from expert opinion and familiarity with tdemand environment. The data
analysis can come from a variety of source, butegsly historical usage in a similar
environment.

For example, U.S. forces are involved in a joinkstforce operation with a small
enemy force in a relatively warm climate. A logign familiar with the usual need for
food, water, ammunition, etc. for the combat foingolved might make an initial
forecast based on a set standard load or needeetpit deemed adequate for a soldier
per day for the number of days the operation iseetqul to take. His intuition might

make him order more water and food than the stanplar day basic load because of the
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physical demands placed on those soldiers in sudimate. The data analysis would
come from past forecasted usage and time on thendrowvhere the actual usage of
resources and time on the objective for a simifaration would be drawn upon for the
current determination of logistics. This error d@measured with the relative forecast
error of A/F ratio:

) Actual Demand _
A/F ratio = : Equation 8
Forecas

In this sense, it is more important to look atdlative error instead of the absolute error,
represented by:

Error = Actual- Forecast [18]. Equation 9

Actua

When several key or critical items are being aredyzisibility of these items is not lost
in the noise with théd/F ratio. For the news vendor model, an accurate forasast
indicated by arA/F ratio of 1, above one is too low of a forecast, and welois a
forecast that is too high [17].

If given the previous operatio®sF ratio, it is not infeasible for the logistician
described earlier to think the two should be coraplar and to base his new forecast on
those errors. Utilizing standard results from isties and Equation 8 we get the
following results:

ExpectedActual Demand= m= ExpectedA/ F Ratio” Forecast, Equation 10

and
Std Dev Actual Demand=Std Dev A/F ratios Forecast Equation 11

Utilizing a normal distribution, the mean and stamtideviation are now apparent. Next

the logistician could go to a standard normal thation function table or use a software
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package to obtain the distribution function(z). It is highly unlikely that the demand
forecast will be a standard normal distributiont ibican be used to find the probability
that the demandi-(Q), where Q is the value in question, by convertil@ into an
equivalent quantity for the standard normal [1IA.other words find & such thaF(Q) =

(z). This is called the statisticand is calculated with the following equation [17]

Equation 12

Again the idea is to find the probability demandeiss than or equal to Q. Suppose the
value ofzis equal to 0.79, therefore the distribution fumetis (0.79), which from the

“z table” gives a probability of 0.7852 or just o\&78% chance the demand will Qeor
less.

As stated before one of the benefits of this maglé¢he balancing of the cost of
over or under ordering. In the scenario preseriteah overage cos€,, and an underage
cost,C,, could be quantified we could set the expected ddske Q™ unit to the expected
gain on theQ™ unit. The resulting equation would be [17]:

C,” FQ=C, - F(Q)). Equation 13
Rearranging terms would result in the following:

CU
C,+C

u (o]

F(Q) = Equation 14

Thus we could calculate an optimal order quant@y,or needed resources for the
operation by matching it to the calculated pergeobability that demand needed will be
Q or less. The decisions made by the military ligjen in the above scenario is one

where soldier’s lives are at stake, not profitsnrametary loss, so a deeper understanding
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of the impacts of an ordering methodology simitatite news vendor model would need

to be examined closely before any implementation.

2.13.3 Fuzzy Cooperative Co-evolutionary (CoCo)

This methodology applies the concept of two coemgi\species that are defined
as the database or membership function and théoasie. This model is primarily based
on the framework defined in [106] and [107]. Idissigned to allow the user to manage
the trade-offs between performance and interprgialpl 05]. The fuzzy logic process
entails receiving fuzzy inputs which can consistijuistic variables, which then must
be associated with the proper membership functibitevat the same time identifying the
connective parameter or rules used to executeutt®y finference system. Consequently
the first species known as the operational parametdl be used to encode the values
which completely define the membership functions d the variables of the fuzzy
system [105]. The second species defines the selem the formf (x; is Y;) and ...and
(% is Yp) thentheoutputis Z [105]. Finally a genetic algorithm can be useddaatrol the
evolution of the two species as a population [139].

A genetic algorithm applies three phases of s@edti an attempt to find the best
and strongest outcome. The first phase assignsess level in order to select the
mating pool. It has an elitist strategy that oallpws the best individuals to move on to
the next generation. The second phase is calledstdndard crossover and mutation
phase of the algorithm. This is where crossovéwvéen two genomes is executed with
an associated probability by selecting at randamgle crossover point and exchanging
the subsequent traits to form two new offspring][8T no crossover takes place the

genomes are passed on as they are. The third,phatation is performed by flipping
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bits in the genome structure according to somegeedd probability of mutation. The
algorithm terminates when some level of fithesgesized or the maximum number of

iterations is reached.

2.14Modeling & Simulation Tools for Military Applicatio ns

In 1997 the United States Congress authorized atiedpresearch project to
evaluate non traditional combat simulation techagjthat would potentially be useful in
addressing three areas that were largely omitteskisting combat simulations. These
three areas were and are defined as [14]:

- Nonlinearity Small changes in inputs that have disproporteedfiects on outcomes.

- Intangibles Human factors, effects of leadership, troop nerahd other difficult to
define aspects of combat.

- Coevolving LandscapeThe premise that adversaries continually anticipane

another’s actions and base their decision on tedigtion.

With those three research objectives in mind amrefquickly developed into an
international consortium involving eight other ctiegs to see how best to approach
modeling combat more effectively and accuratelyhisTsection discusses several tools

developed to facilitate a solution to the issuesvab

2.14.1 Logistic Planning in the Armed Forces Today - OPLOGPLN

In an effort to reduce some of the uncertainty iehein logistics forecasting and
planning, the military has created a wide varietyamls for the logistician. One such
tool for the Army, generally the largest groundctiin a conflict, is a program called

Operations Logistics Planner (OPLOGPLN), curreatlyersion 7.0 (released December
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2007). OPLOGPLN is meant to assist the logistiesmer in calculating logistics in

support of any user defined operation. This tookpecifically designed to support

operations typically associated with multi-phase e@pon Plans (OPLAN) and

Operation Orders (OPORD). The user creates unisedan standard Tables of

Organization and Equipment (TOE) and maps theds umtib Task Organizations (TO).

The TO can then be assigned to a multi-phase artassigned user-developed mission

parameter sets (which essentially describe theitonsl under which the TO will be in

or is operating in). To narrow down the scope dbnmation only the requirements for

the nine classes of military supply are calculat€tese classes are described in Table 3.

Table 3: Military Class of Supply System

Supply Class Description
Class | Subsistence (food) and water in packaged formmedée‘fresh.”
Class II General supplies that can consist of troop suppaterial items such
as clothing & textiles, weapons, and a varietynalustrial supplies.
Petroleum, oil, and lubricants (POL) in packaged lanlk form to
Class llI . P
fuel equipment and maintain it.
Class IV Barrier and construction material for a variety@guirements like
base construction material, defensive positionstaues, etc.
Ammunition in the form of bullets for a variety weapons,
Class V .
grenades, explosives, etc.
" Sundries supplements, health and comfort packsparsbnal
Class VI :
demand items.
Class VI Major end items i.e. vehicles, generators, airce,
Class Vi Medical material from the soldier level to hospl&lel.
Repair and replacement parts like batteries, velpalts, weapon
Class IX .
parts for repairs, etc.

This tool will be discussed further in Section 5.2 concert with a proof of concept

scenario that compares OPLOGPLN and the ATLAS nektteveloped by the author to
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address the gap identified by the military for adsg logistics requirements and

architecture determination.

2.14.2 Analogical Hypothesis Elaborator for Activity Detection (AHEAD)

As previously stated several organizations in teiemse and commercial sector
are attempting to solve the problem of forecastimgpredicting catastrophic events,
especially in the post 9/11 era. Conducting irgefice analysis is one of the primary
activities that will allow the US to respond acdogly to perceived threats of our
national security and those of our allies. Tesmwriawareness has taken center stage in
this era and will likely remain that way for therdgeeable future. Terrorist and their
activities can be characterized as asymmetric thréacause the tactics employed
generally consist of varying forms of guerilla waad. This strategy has always served
the “little guy” in a conflict well because it reiges less infrastructure, allows distributed
command and control, and although a goal may bigedr{i.e. a jihad against the west) it
is generally so broad that any activity that supgptitat goal is sought by its participants.
Unfortunately early detection of these aggressas froven to be a difficult task for
many threat domains because usable data setsdeel targe and complex. This is
generally due to the relationships involved amaomg variables that define the threat
landscape [91]. For this reason and the accepthatéhe asymmetric threat domain has
relatively infrequent instances and is sufficiendgmplex to encompass an infinite
amount of variations, the Navy Center for AppliedsBarch in Artificial Intelligence
along with the Defense Advanced Research Projegenéy (DARPA) has developed a

tool called the Analogical Hypothesis Elaboratar Aativity Detection (AHEAD). This
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tool's primary purpose is to increase the levebefection of potential terrorist threats
through use of information and intelligence anaysa user interaction.

AHEAD employs the principles of case based reagp(@BR) to give a threat
hypothesis which is directly tied to a relevantcpieof evidence and then focuses on
elaborating on that hypothesis with justificatiom why that hypothesis is supported or
not by an analyst’'s assessment. One of the difte® from traditional CBR is that
AHEAD'’s cases by design do not need to be strudtéiwe efficient matching of large
bodies of evidence [91]. However, these casesedd o include what kinds of evidence
are consistent with the proposed hypothesis as ageljustification that the evidence
supports the hypothesis. This in effect generatgaments as to why a specific threat
could be occurring in the detection process. Tiactre of AHEAD specifically
concentrates on relating facts from the evidencsptxific assertion about the process
being performed [90]. AHEAD'’s algorithm consisfstioree elements, they are described
below [90]:

1. Retrieve Given a proposed hypothesis and library of casgsesenting the
activity being investigated, retrieve the model the@st matches.

2. ProposeGiven the above matched model and evidence, gentre instantiation
that best matches the evidence. Instantiationrecoecause the cases used by
AHEAD are generalizations of actual cases.

3. Justify. Given the logic and evidence, analyze the simatiescribed by the
evidence and create arguments (for and againstaiakg why a situation does

or does non match a case.

Figure 22 provides the flow process and basic fanat architecture developed to
provide information to a data analyst seeking tat® data and arrive at a suitable threat

assessment based on the inputs.
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Figure 22: Functional Architecture of AHEAD [90]

To facilitate the execution of AHEAD a graphicaden interface (GUI) was
developed to allow a user to browse through theifeemal and informal arguments
associated with each hypothesis. This is accomgidy allowing exploration of the
tree consisting of different hypotheses and arguspemhich in turn are linked to the
argument’s evidential support. Tests performedgighis methodology and tool showed
on average a reduction in decision making time @®,1an increase in confidence that
the conclusions reached by an analyst with AHEADewsound and justifiable [90].
Results also showed a reduction in error in judgnaed confidence by about half when
considering a decision made with or without theuargnts from the case database was
also observed [90]. These are encouraging resstsasymmetric and complex
environments that were once almost impossible édipt are now being dissected with

methods from the cognitive sciences and CBR teclasido provide insight to users.
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2.14.3 Enhanced Irreducible Semi-Autonomous Adaptive Combat (EINSTeip

Agent based simulation as discussed earlier i®a&sing in usage for a variety of
industries and their decision makers so that caimtyevhat-if analysis can be used to
visualize potential outcomes. The USMC has a visibfuture combat: “small, highly
trained, well armed autonomous teams working incedn continually adapting to
changing conditions and environments” [53]. Thison initiated a transformation to a
different force strategy and architecture discussedChapter 1 called Distributed
Operations. In the later 90’s the program callkeeducible Semi-Autonomous Adaptive
Combat (ISAAC) was developed by the Center for N&®esearch and Analysis. The
core dynamics of ISAAC is patterned after mobildutar automata rules [54]. These
rules take a bottom-up approach to the modelingoafibat, versus the more traditional
top-down, or reductionist approaclsAAC utilizes agents or ISAACA, which represents
a primitive combat unit (infantryman, tank, trangpeehicle, etc.) that is equipped with
the following characteristics [53]:

- Doctrine: a default local-rule set specifying hanact in a generic environment

- Mission: goals directing behavior

- Situational Awareness: sensors generating an aiterap of environment

- Adaptability: an internal mechanism to alter bebawnd/or rules.
A global rule set determines combat attrition, restdution, and reinforcement. ISAAC
also contains both local and global commanders whthir own command influence
radius and obeying an evolving @ierarchy of rules [53]. Initial ISAAC proof of

concepts performed well and spurred on further ldgweent of trying to model combat

through ABM, ergo EINSTein.
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EINSTein is an adaptive ABM and simulation tool farodeling combat
operations on a small to medium scale by usingrewmmus agents to model individual
behaviors and personalities instead of specificperaeffects [52]. The purpose of
creating EINSTein was to investigate and see ifettexisted conditions under which
high level patterns (penetration, flanking manesydeint, etc) of emergent behavior
could be gleamed from a set of low level action®\enforward, backwards, retreat,
attack, etc.) [52]. Hence, EINSTein is meant taubed as an interactive tool in which a
user can explore the high level emergent behawaoid explore the middle ground
between highly complex and realistic models. TABM seeks to overcome the
limitations of the simplistic model that containgdythe minimum dynamic variables that
fail to create interesting real behaviors of coméatities and provide little insight to
basic processes [52], [53].

EINSTein consists of three modules. These aredhaat engine, the GUI, and
the data collection / data visualization functionBhe combat engine processes all the
decisions concerned with combat and is the corptdor which multiple time series data
collection, fithess landscape of the agents inrtlogerational space, and associated
algorithms all depend [52]. The agents in EINSThawve the same characteristic
described earlier for ISAAC and exist in one ofethrstates: alive, injured, or killed.
Characteristics can be applied to agents for diffestates. For example, an agent in the
alive state performs normally, while an agent whanjared could have its effectiveness
reduced by some user defined percentage to acéouthe injury. The battlefield is
represented by a two dimensional lattice of digcpetints in which only one agent may

occupy a point at a time. Personality traits aeéngéd by a vector of six weights that
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characterize the agent’s reactions in the presehather enemy or friendly agents within
its perception range. A screen shot of EINSTe@H and data entry dialogues is shown

in Figure 23.
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Figure 23: Screen Shot of EINSTein Simulation T[a8]

2.14.4 Map Aware Non Uniform Automata (MANA)

MANA was created by the New Zealand Defence Techgylagency for the
purpose of conducting military agent based modedind simulation. Its development is
inspired by chaos and complexity theory and waseldged in conjunction with the
Marine Corps’ Project Albert initiative [109]. Sikar in thought to EINSTein, the

designers of MANA wanted to incorporate a way tdraefat least in some part, many of
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the intangibles experienced across the battlefiglilese intangibles consist of but are not
limited to situational awareness (SA), informatiedge provided by enhanced sensor
capability, and certain aspects of command andrabf&2], [83]. MANA is based and
has been developed based on two foundational [88&s
- The behavior of the agents within a model is doalitcomponent of the analysis of
possible outcomes.
- That decision makers are wasting their time witghhi detailed physics based
models for determining force mixes and combat éffeness.
Because human nature is relatively a mathematicaligngible variable it is often
overlooked or unjustly simplified by modelers. Fhlecision often creates models that
even to the lay person outputs results that makg Mtle or no sense, only to be
“adjusted” to represent reality. This tool hasrbesed extensively not only in M&S for
the New Zealand Army’s research, but it has beed uis several Naval Post Graduate
School theses to analyze real military world proideto include humanitarian aid
operations, unmanned aerial vehicle deploymentcangloy protection operations [8].
MANA provides a venue for the user to model compexnbat situations that
include terrain features, a variety of individugleats with their own set of personality
traits, and varying communication and or commarai@ntrol capabilities. The primary
MANA Parameters allow a user to sped®3]:

- Personality weightings that determine an agentg@nsity to move toward or away
from an influence on the battlefield (friends, emesn waypoints and/or desirable
terrain).

- Movement constraints that modify how an agent mares$ are not covered under

the scenario’s personality weightings.
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- The ability to define a variety of agents, weapossnsors, movement speeds,
targeting priorities, and communication assets.

- Algorithm modifiers that define whether terraineaffs speed, degree of randomness
when moving, whether obstacles should be avoided, the specified movement
algorithm for the agents used in the model.

Several runs of a model can be executed in relgteveshort amount of time, depending
on its complexity. MANA also enables exploration aitcomes via different initial

inputs or character settings through execution @ésign of experiments (DOE). This is
facilitated by the use of a structured computereclashguage called extensible markup
language (XML) that provides a formatted file tltain be passed to MANA. MANA

also has the capability of interfacing with CONDOR,program developed at the
University of Wisconsin that allows computer resims that are common to a network to
share their distributed computing power to increasecution and run time of a single
networked computer’s processing activities. Anrepke of this was displayed by Bain
in [8] in which his experiment would have taken apgmately 700 CPU days to execute
or almost two years to complete on one machine, Heutwas able to complete his

experiments in a month’s time with CONDOR and 1@icited computers.

2.14.5 Pythagoras

Pythagoras is a combat modeling and simulation teMeloped by Northrop
Grumman. Mathematically measurable phenomenonléikality, rates of fire, rates of
movement are all physical aspects that can begepted in this modeling environment.
However as shown in Figure 24 the combat environnsemot only made up of physical

world, it also encompasses the effects of leademd human factors.
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Figure 24: The Combat Environment [14]
Pythagoras was designed with three simple critermaind [14]:

- It must be simple enough to use that military @fiwith a nontechnical degree could
learn it in no more than eight hours.

- In must incorporate fuzzy logic in some way.

- It must bedata farmablgable to be executed in a batch mode on parakegssing
computers).

The second criterion is what separates Pythagooas the other tools discussed
previously. Although EINSTein and MANA have the abpity of assigning personality
or action traits based on the environment, Pythegyaissigns one of three distributions
around a personality trait. Depending on the sgstifor the agent rules, referred to as
soft rules, an agent can have a firm/low individyatange, soft/medium individuality

range, or a loose/high individuality range arouhé specified trait threshold. This

allows the agent to have some flexibility in itaegon to existing conditions so that the
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agent can learn and or modify its behavior wheresgary. Through this capability
Pythagoras’s intent is to model human behavior thddtased on one or all of the five
senses. This tool is currently also in use at Nlaeal Postgraduate School for the

purposes of modeling military scenarios.

2.15 Chapter Summary

The purpose of this chapter was to give the readeundation and an overview
of the new and exciting methods available thatnapteto solve real world problems for
designers and researchers that rely on some foforexdasting or prediction capability to
make their decisions. The non-linear nature andiet causal relationships not visible
through traditional methods requires advancementM’s ability to predict the future.
The basis of many of these methodologies is noéssrily the result of new concepts,
but the application of new technology and innovatadaptation of theories in cognitive
engineering that attempt to mimic HITL interactiand qualities. The military requires
extensive HITL interaction, but also has some Béity and need to incorporate
automated processes to narrow the options avaikEblhat justifiable and transparent
decisions can be made and specific courses ofnactin be pursued. Currently, gaps in
information access and visualization capabilitytiois data in a timely and efficient
manner do not exist in the military logisticiansaim. Facilitating data organization,
access, and retrieval of relevant information vgittme of the methods described would
aid in fulfilling the overarching goal outlined byilitary leaders who desire increased
precision and quantifiable justification for coursfeaction (COA) selections. Cognitive
methods such as Case Based Reasoning, principlasaof logi¢c and modeling and

simulation have the propensity to give a user ecbaimsight into a design environment.
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3 TECHNICAL CHALLENGES, RESEARCH QUESTIONS,
& HYPOTHESES

“The fact that the future is uncertain is no excimefailing to make adequate
preparations.”

- USMC Operational Maneuver from the Sea

In the United States there are three general gastanvention, concept, or idea
must go through to be accepted by the US Patetefftir a patent. Those three general

tests are as follows [99]:

1. The item in question must be new or novel, in seimas the invention must be
demonstrably different from publicly available ide@aventions, or products (so-
called "prior art"). This does not mean that evaspect of an invention must be
novel. For example, new uses of known processeshimas, compositions of
matter and materials are patentable. Incrementgrawements on known
processes also may be patentable.

2. The item must be useful. It must have some appmhicaor utility or be an
improvement over existing products and/or techrsque

3. The item must be non-obvious, it cannot be obvtows person of "ordinary skill"
in the field; non-obviousness usually is demonsttdiy showing that practicing

the invention yields surprising, unexpected results
Although the author is not getting a patent, thenpses here are very similar to that of a
thesis topic. In this section a re-familiarizatiointhe problem is given and the technical
challenges foreseen by the author are provided.th Wiese challenges identified,

research questions and ensuing hypotheses arent@@éde provide granularity to the

goal of this research effort.
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3.1 Re-familiarization of the Problem

The intent of this research is to develop a metlomyothat is capable of quickly
providing information to military decision makers & what architecture has the best
probability of providing success no matter the afienal environment. The continued
downsizing of the United States military and iteeexpanding involvement in diverse
operational environments has placed all branchethefarmed forces at a crossroads.
How to continue to do their jobs effectively anfiaéntly? To accomplish this task the
DOD along with select parts of the military havejibe to integrate themselves into Joint
Operational Forces that utilize the best practisegngths, and other capabilities to find
solutions to the requirements placed before thdine operations they are tasked to do
vary from the low danger setting of humanitariath @i observers to full fledged conflict
with combatant enemy groups seen today in Afghanistnd Irag. The bulk of the
military’s role holistically is to insure the sayatf the United States, but the US’s role on
a global scale has the military functioning in mamgas that are out of this scope or are
minimally related to it. Faced with this operatbenvironment, a major consideration is
how does the military supply themselves when faeeth such differing resource
requirements from combat to humanitarian mission$fe ability to not only have
resources available capable of meeting these \@n@eds is a must, but predicting and
or forecasting the resource needs has become @itofy for the logistician in the U.S.
armed forces.

The need for this capability based predictive asialys called for by various
government and military agencies. A methodologgupport this desire has yet to be

created, in part because of the large volume dfientand items that would need to be
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tracked. Recent and continued development of tquaka in capturing real world
information, practices, and ill defined requirengenbw make revisiting an endeavor like
this practical and possible. A simulation envir@mnto model and gather data that
depicts the top level and primary resources useahimperation would be useful. For
that reason, a software package called MANA wastsleand will be further explained
in Chapter 5. The operational environment is dra involves experts in the form of
logisticians, other human decision makers, andghlfinon linear environment when
attempting to predict or forecast resource neddsese characteristics fit very well in the
class of other real world problems, which have heeastigated, modeled, and proven to
have better predictive results than traditional hnds when analyzed with non linear
methods. Examples of these applications can beise®ppendix E.

The goal of this research and thesis is to devalbgplistic capability based design
methodology that allows for the development of atay capable of predicting
and forecasting critical needs for joint forcesdynamic and fluid operational

environments.

3.2 Paradigm Shift in Military Logistics and Architectu re Solutions

For many years the military has planned, war-garaad, conducted a variety of
functions based on high level assessments anadgdctm senior military and civilian
leaders and analysts. This approach is oftenresf@o as the top down approach. This
process entails numerous complex and highly intedractivities ranging from planning
troop movements to analyzing a variety and ofteres conflicting intelligence reports to
generate a plan or course of action. The way tiitarg was expected to operate in the
past was in the form of a large scale force withltiple and supporting operations

generally occurring in a single region. As hasrbauded to in Chapter 1 these types of
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operations seem less likely in today’s military konment. The operational scope for
military units now embodies relatively small, fragnted, and multiregional conflicts.
This realization has necessitated a change in #ality of how to best prepare, plan
and conduct these missions. Senior military leadegalize they still have the
responsibility of providing the overall commandeirgent, but in order to successfully
coordinate, operate, and support the units operaim evolving and dynamic
environments the bulk of planning and requiremeggreration must come from the
bottom up. This approach allows operational andlisamit level commanders to identify
and request resources unique and specific to tipeirational needs. As this information
is processed up, resources and planning for efitgieof resources and forces can be

accomplished at the top level.

3.2.1 The Human in the Loop (HITL) Factor

Recently industry, the military, and a variety afsinesses have sought ways to
promote efficiency in the things they do. One sapfproach is to incorporate a variety of
technological advancements that eliminate the huthah once was required in the
process. Many applications of enabling technolotfies increase precision, capacity, or
flow rate have been extremely successful in thideamor, especially where rigor and
well defined constraints or requirements are pewal Unfortunately, there are many
aspects in design and problem resolution that tamicrete definition simply because
information is not available or ambiguity still rams in the requirements.

Robustness in solutions has become the main st@ylay’s design and solutions
environment. Researchers, scientist, and induginginually look for ways to apply

technologies and concepts that can model the wayahis think and process

99



information. In Chapter 2 and Appendix D the cquiseof artificial neural networks and
fuzzy logic are discussed that represent this purs8ignificant strides in these and
related fields have resulted in advancements inynaaeas ranging from manufacturing
to decision support and solutions implementatiofor the military, the latter is of
importance to them primarily because of the volurokslata available to DM when
trying to determine a viable course of action. wes discussed, ANN while helpful, still
have only scratched the surface in their abilityrtatch the processing and computing
power of the human brain. ANN'’s also require digant training to be applied to a
problem area. For the military the informationttiwuld serve as the training data has
not and sometimes can not be quantified. Anotilemana the military faces is that the
operational environment they operate in and facehe foreseeable future is constantly
in flux. Fuzzy logic and ANN work off of a rule bad system, but as this rule based
system grows efficiency diminishes and rules thétim determining a solution start to
incur conflicting consequents. These reasonsrautiiot only the deficiencies in these
methods and techniques, but also give researcirexgidn in what problems need to be
solved for the future application of these concepts

The HITL alone is not efficient — that has readBen proven in many instances,
but neither is an artificial representation of anfam where critical decisions that have
global and far reaching effects need to be mad&at\Wé viable is a combination of the
two. Information management if done properly catphmilitary planners and decision
makers to significantly reduce their decision psses and reaction time when evaluating
and planning operations in time sensitive enviromisie The HITL will likely remain a

critical factor for a long time to come if not fthe reasons identified above, but also
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because it is highly unlikely that one will be abbecompletely translate human intuition

into the logic that defines computers or artifi¢ciaiman processes.

3.2.2 Top-down Planning

This type of planning starts at the senior leadprigvel and tends to focus on the
strategy necessary to meet an overarching goaltenti Characteristics of this type of
planning process consist of the following genetalibaites, besides what has already
been stated [133]:

- Goals are determined early on in the process
- Inflexibility as processes are enacted
- Lack of participation from the operational (lowéxyel
- Long term goal oriented
Top-down planning affords a wide range of actigtier senior level leaders to attempt to

implement a global or high level vision for an angation. While helpful in providing
guidance, its sole practice often times aliendiesd at the operational level, especially if
senior level decision makers do not have an adequaderstanding of the operational
level needs. Because of this, the strategic visidlh likely fail to be realized or
implemented and can cause an initiative to be stpp its tracks or before it can even
start to work [140].

For the military this type of planning is primgriised during large operational
conflicts where significant coordination and timeglerations necessitate an operational
flow to be successful. An example of this typeragien is the D-day invasion during
World War Il. Several operations consisting of &bpus operations off the coast of
France in concert with airborne operations inlanetfevmeant to disrupt the German

Army with a two pronged effort, on land and froneteea. As history has recorded,
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many lives were lost that fateful day by soldiereowwere following orders and

implementing the plan created by senior leaderome would argue whether the
operations were a success or a failure due toogwedf life, but what is clear is that this
operation focused on a clear and absolute threhisagenerally considered the turning
point in the war in which the Allies began to driback the advancing German Army.
Today the operational environment for the militasy fragmented, asymmetric, and
ambiguous. The enemy, primarily terrorist, aredearto classify and detect. They
operate using guerilla warfare and are funded tjivoa variety of mediums that allow
them to operate as extremely small organizationtb differing goals and tactics. For
that reason an approach that aims to customizeegeptative and reactionary force
commensurate with the operational environment amgue requirements for the area is

necessary.

3.2.3 Bottom-up Planning

This process tends to focus on the tactics or wagecomplish a goal. Plans are
developed at the lowest levels and are then pamsdad each next higher level. It then
reaches senior leaders for approval. This procesgply seeks to garner buy in from
the lower level participant by involving those wivdl be doing a job from the beginning
of the process. This type of planning processftenocharacterized by the following
[133] and [140]:

- Flexibility
- Instills teamwork
- Accountability a all levels

- Lacks long-term vision
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Bottom-up planning allows the most up to date peastand information to flow up
from the people actually doing the job and proviglestification for resources or as to
why a specific course of action is being pursu&knior leaders can then take these
plans and review, modify, and or approve them.uFaito manage these plans properly
can result in local optimization in areas that db capitalize in efficiencies of resource
allocation nor converge on a top level intent.

Recently in the military, this type of planningshizeen advocated as the best way
to meet the operational environment discussed iap€h 1. No longer are the large
operations or well defined adversaries prevalentlentifiable. Operations in one part
of a region may significantly differ from those jusfew hundred miles away. Senior
leaders have realized that operational and low | leemmanders require some
flexibility and autonomy to be successful in deifegittheir regional adversaries. In
order to do this, their planning and requirememsegation for logistics and equipment

must be met quickly and efficiently.

3.2.4 Conclusion: Which is better?

Top-down planning allows for an overarching strgtegbe outlined and pursued.
Bottom-up planning affords the implementation oeafic and relevant tactics to be
applied at the operational level. As with manyngs in a complex environment, the
answer on which process is the best is, it depeiti® operational landscape facing the
military and many entities today demands and almexgiires robustness in solutions and
pursued course of actions. To accomplish thisamizations must now find a suitable

balance between top-down and bottom-up planning.
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For the military this means providing operationalldl commanders general
guidance in the goals being sought and allowingglmmanders a lot more flexibility
in how they accomplish their missions and providihg support, logistically and other
materiel, needed for particular area of operatiéchieving this balance can be difficult
since ultimately senior level commanders are helcbantable for the successes and
failures of those under their command. This typelimate tends to lead leaders toward
strong oversight and often times micromanagemé&iatrtunately the growing belief and
recommendation by many senior leaders in the mylitss that delegation and
relinquishing of control of planning at the opeoatl level must be pursued and
perfected if the military is to meet the dynamidamerging threats that the military is
being asked with increased frequency to contenld it] and [97].

This change in strategy should help to enhancenthi@ary’s pursuit in facilitating
information flow up from the bottom to the top asolwn from the top to the operational
level. While a good evolution of the military corand and information structure, there
exist other challenges that also need resoluti@ne such area is the modeling and
simulation community that is tasked to model, eatdy and analyze the variety of
military operational environments that each hasrtben set of unique and complex

issues. Some of the challenges will be discusegt n

3.3 Technical Challenges

Computer simulation has seen and explosive emeegenthe area of complex
non linear systems. While ongoing research anticapion has yielded some interesting

and helpful results in many applications, it isll stiot a perfect or exact science.
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Arguably many people consider modeling and simoita{iM&S) of these systems more

of an art that a science and it presents sevarahieal challenges:

- C1: Modeling military systems is not only complexcaese of the number of variable
involved, but these simulations often times havebéosimplified smartly so that

executing explorations of the design space areieffii and timely.

- C2: The model built must accurately represent theirenment being explored.
Getting agreement on the fidelity of a model amgagticipants, designers, and

experts can be very difficult.

- C3: Incorporating cognitive processes into a modihough not new in concept,
where a human in the loop is necessary adds iremteasmplexity to an already

complex problem.

- C4: Providing transparency of the solution presgtg a model is challenging. As
the capabilities of systems increase, their conmisx rise, thus reducing the
transparency to all but the designer. The novemr must be able to have a traceable

path to the solution.

- Cb5: Sufficiency of the “answer” and is it usefulosiftd be at the questions at the
forefront. Determining this for new simulation s8®s where no empirical data is
available will be difficult. Initial stages may qeire extensive verification,

validation, and accreditation to be accepted byuer community.

Additionally to the specific challenges outlinedoab, some of the other general

challenges that the research community, henceuth®ia face are:
- C6: Often times there are no set guidelines orrddeat practices identified. This is

true even in areas where success has been achwatledparticular techniques

because each application tends to be unique aedwetd heuristically.
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- C7: Optimization once used to be the goal of masgarch efforts, but this trend is
diminishing as not only robustness is being souliit,the desire to be able to react
quicker and dynamically change to meet varying seeslthey arise is becoming the

norm.

- C8: Determining the right measure of effectivenesde observing or tracking is
difficult. Because the desires and needs of al plarticipants vary, especially
depending on the scenario environment, flexibilitfidelity of a model must be

balanced accordingly.

- C9: Usability and cost are always factors in impamation of a process. Accounting
for this in the beginning is essential for any egsh to applicable for “real world”

implementation.

These technical challenges help to foster questiomsuthor has on how to adequately
approach the aforementioned research area andbwilkkovered in the next section.
Subsequently a methodology developed and reviewe@hapter 4 will explain how

these challenges can be addressed in the milagrstics supply arena.

3.4 Research Questions (RQ) & Hypotheses

“As complexity rises, precise statements lose nmgpand meaningful statements lose
precision.”
- Lofti Zadeh, Father of Fuzzy Logic

The technical challenges expressed above werestht 0f a detailed definition
of the problem being explored by the author foritamy decision support systems in the
specific area of logistics. A research questio®)Yk a formal inquiry that follows one
or more observations after a detailed exploratioth @nderstanding of a design problem
or environment. A hypothesis is a proposed solution to one or mesearch questions

that can be tested via experiments. These expetsnaga usually in the form of broad
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research tasks, which often have many sub-comp®rtéat can be used to guide a
methodology aimed at providing a solution or shegdurther insight to the problem.
The formalized process may either confirm the higpsis/hypotheses or lead to other
observations. The following discussion expoundsnu@ set of research questions from
the authors investigation into decision supportesys for military DM'’s.

In order to identify the logistic framework besited supporting military units, a
narrowing of the scope of the over all problem maesiperformed to identify applicable
mission scenario variables and requirements. Giliese parameters, analysis can be
conducted via decision support systems tools towald decision maker to make
supported decisions. Unfortunately those paramesee uncertain in part because
intelligence and surveillance data can vary sigaiftly depending on the source and
force size for missions can dynamically change damse other factors beyond a DM’s

control.

3.4.1 Hypothesis 1

RQ 1: How can a process be created that enalpaseatrapolation of viable courses of
action for determining military unit level logistitsupport architectures?

- Data management is the foundation for utilizingpiniation, especially data that is
rapidly arriving from multiple sources. Leveragingardware and software
applications can help if applied efficiently andifarmly across a communication
network. Time is critical in digesting and utiligy this information so easy to
understand, rapid, proper fidelity DSS tools wil heeded. Knowledge Engineering

and Case Based Reasoning Techniques, discussegttior52.3 and Section 2.3.3
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respectively, have been applied in a variety dfifdor assessment and identification
of likely prognosis based on selected initial ctiods.

- Defining, building, and executing M&S software tswalize a specific well defined
scenario may be feasible, but in dynamic and uletatwvironment a DM would be
hard pressed to come up with a justifiable solutionthe time allotted. This
environment can be seen in Figure 3. To allevihie issue, meta-models that
represent the design space can be substitutecctease exploration of the design
space. For this non linear space artificial neaetivorks, discussed in Section 2.8
and 2.11 should be used.

- Organization of data in an easy to process marasealowed cases to be entered and
evaluated in areas such as diagnosis of breasercamy allowing new cases to be
added to existing information in a database of kmawputs and outcomes, the likely
resulting accurate diagnosis of cancer identificatias improved dramatically. It has
also allowed doctors to mitigate diagnosis erroid iacrease their response times to
patients who are anxiously awaiting their results.

RQ 2: How can the critical variables be identifidtht affect a specific architecture
selection when the operational environment is dyoalty changing?

- Dynamically changing environments will have an irtpan COA selection and other
decision making activities. Understanding the igbind capability of soldiers,
commanders, and other decision makers involved lelp ease the difficulty in
identifying the variables associated with the dyrtamilitary logistics environments.
Variables can be identified that for the most gevte an influence on the outcome

through careful dissection of recent problems. uatipents and assessments of these
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variables may be needed from time to time as theational landscape changes or

adversaries modify their tactic and strategies.

3.4.1.1Hypothesis Statement

Any method formulated to provide a decision suppydtem for determining
military logistics architectures should implemease based reasoning and fuzzy
logic methods to provide quicker access to relevafarmation that will reduce
the decision making process.
The viability and feasibility of any logistics supp structure for a small unit force can be
determined by establishing a base unit from whiththers are built. HITL participants,
soldiers in this case, are innovative, driven, agllient under harsh conditions when
required. Because there is limit to this capahikit determination of potential outcomes

across a range of probable inputs should be coeduotallow a DM to justify the need

for particular resources based on operational sweoharacteristics.

3.4.2 Hypothesis 2

RQ 3: How can the guantitative aspects of a scermarvironment be accounted for and
allow for the incorporation of expert knowledge?

- HITL participation is a requirement in this enviroant and just cannot be
eliminated. The military is an organization whgssople are integral cogs of the
decision making process. Their personal assessmmeay vary depending on their
experience, but if they know what variables areartgmt they can generally process
the information provided to arrive at an acceptgidn of action. Communication
and an understanding between the logistician (D) @mmander on the ground are

integral to creating a plan that is best suitedliersituation.
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- Modeling and simulation has provided a wealth ofataigies in prediction and
forecasting analysis. Agent based techniques ststlin Section 2.6 and 2.7 discuss
general application of methods that have allowedligéc representations of
environments and actors in that environment. Thiityato model agents, their
interactions, and capabilities continues to inceea€urrent state of the art in these
techniques, especially for military applicationsswaresented in Section 2.14. The
software application, MANA discussed in section4241will be utilized because of
its ability to satisfactorily model the notionalopif of concept being investigated.

RQ 4: How can initial conditions and outcomes adtg@OA’s be integrated into the DSS
to facilitate better predictions of viable architee selections?

- Once enough data is acquired or simulated throwgtedr modeling and simulation
tools, probabilistic distributions can be assoclatgth the inputs or design variables
for the logistics support structure. Availableaece allocation will be critical in
determining capabilities, but the ability to thiokt of the box in terms of capabilities
and alternative COA is why the HITL must remain & a part of the decision
making process. Providing a way for the HITL's expknowledge to be
incorporated into the DSS that helps determineldigestics architecture should be
incorporated. The primary M&S tool, MANA, contaireports that will be utilized to
extract the measures of effectiveness (MOE) andpopgudata necessary to build a

suitable case based database.

3.4.2.2Hypothesis Statement

Historical or simulation data that provide low ldw@haracteristics can be used to
quickly filter solutions for the decision maker dhgh data based management
techniques.
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Cognitive science is an area of research that hkély have no end in research
opportunities. Modeling the human mind is a diffiand complex problem that is more
of an art than a science. Adaptations made peasbipkimplified computer models and
techniques have helped DM gain an understandingvariaty of ways to find solutions

to problems and provide useful insight to highlyinear interactive environments.

3.4.3 Hypothesis 3

RQ 5: How can qualitative aspects of a scenariarenment be accounted for and allow
for the incorporation of expert knowledge?

- People describe things in the form of words oruisgcally. Applying linguistics to
problem resolution properly allows for a level @hgrecision that can result in
outcomes that mirror real world events. Applyingmbership functions across a
range of acceptable quantitative answers has preggn effective to this end in a
variety of applications. Section 2.10 and Sectihfl discuss the underlying
principles offuzzy logicand Section 2.13.3 provides some state of thapgiications
of these concepts that allow cognitive reasoningrgues like soft computing and
AR, discussed in Section 2.3.1 and Section2.3 Rectvely, to be used to facilitate
the reduction of the decision making process ciuie.

RQ 6: How can the uncertainty associated with crirdormation be incorporated prior
to and during an operation to justify a COA durihg decision making processes?

- As information becomes clearer and a situation ld@geuncertainty in information

generally diminishes and confidence increasesowillg this aspect of the scenario
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environment to be accounted for via a Graphicalr Ugerface that allows the user to
compare current data to case based data at angtainppint would be useful.

- Accounting for uncertainty in random systems hastego easier with statistical
techniques and technology advancements in recems.yeStatistical sampling has
served well to represent and aid in solving compleblems that often have no exact
numerical solution. Reducing uncertainty is chajieg when linguistics are
involved. Gaining consensus among decision makeier to a system or
methodology implementation can aid in limiting teensitivity that controllable

factors have on the outcome.

3.4.3.3Hypothesis Statement

Fuzzy Logic principles ought to be used to accéonhuman in the loop, i.e. the

decision maker’s assessments of the situation wtlkzing a DSS to determine a

course of action.
Two schools of thought exist when it concerns thenan in the loop. The first is that the
HITL is inefficient and should be eliminated at etists. The second contends that the
HITL is a necessary component of the decision ntplkimocess and can not be
eliminated. The likely answer to which contentierthe right answer is that it depends
on the situation. There are several processestioitis that are simplistic, repetitive, or
require exacting precision that a human influenegrades the outcome. Yet, there are
processes where computer technology is incapabledefuately, safely, and reliably
making or executing the right decisions without sdiorm of human direction. Striking

a balance between these two schools of thouglassléft up to and must be determined

by the designers, researchers, and decision makeised.
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3.4.4 Hypothesis 4

RQ 7: How is robustness incorporated into archit@cselection to mitigate variations in
the uncertainty of the operational environment?

- It is important to realize that as the HITL is aweigral part of the decision making
process, case based solutions will likely be th& btarting points and not the exact
or optimized solutions. Monte Carlo simulationsatissed in Section 2.9, allow for
variability in the input variables to be tracked &gding distribution types to any of
the point values. This technique is useful becalusan be executed rather quickly
and there exists excellent software packages tloat afficient and beneficial results
analysis and visualization for the user.

- Several technigues have been developed that atloenfvironment with many design
variables to systematically be vector-ized and radimad for comparison purposes.
Section 2.4 gives an overview of three such methodlfowing weighted factors to
have an effect may or may not be necessary, begration of this capability should
be beneficial in accounting for the variability essted with the interpretation of

human linguistics.

3.4.4.4Hypothesis Statement

Optimization techniques should be used to accauntricertainty in information
and aid in providing transparency and justificatifor a COA taken.

Today’'s design environment has evolved into a wargkre point solutions are
no longer relevant. Solutions need to be robuskildle, and capable of meeting the
needs of a varied and unique family of problems. aAesult a family of solutions needs

to be sought. Optimization affords a glimpse ainpcsolutions, but repetitive

113



optimization while perturbing the inputs shouldoall designers and decision makers to
gain insight to emerging trends that can be ap@®@ baseline for the robust solution
being sought. Optimization still has its uses &nd viable way to narrow down the sea

of information and data inherent in today’s degigoblems.
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4 METHODOLOGY

The current state of the art in forecasting methagies has come a long way
from assuming stable demand and no accounting $mik&s” in demand in the
operational environment was the norm. While madplnd predicting reality is getting
better and better every year, there still is mucbe done in providing methods that are
capable of quickly and efficiently providing infoation to DMs in volatile and
dynamically changing environments. These desigcesprequire accurate forecasting to
determine the appropriate architecture, identifijoal nodes, and efficient processes that
facilitate robustness and increase the probabilitguccess. These methods must now
also allow or incorporate the ability to account faariability and uncertainty that
generally originate from HITL interactions and aigty of other noise factors. To that
end, a methodology called the Adaptive TechniquelLfigistics Architecture Selection
(ATLAS) has been created. For this research ATWAB be applied to the complex
DOD logistics system in support of the near futcoacepts, Seabasing and Distributed

Operations. This environment is indicative of tigeire below from Section 2.2.

Decison Makers Environment

Reaction by
~"|Late Participants

Cost

—— Crisis

—— Actual Response
Knowledge Uncertainty

—— Ideal Response

v

Response i
Delay Time
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Although there are many metrics one might be iistect in tracking or assessing, one

could argue that ultimately everything comes dowsdme form otostassociated with

a delay in a decision as time progresses.

Fomtifieary this cost is categorized in

monetary terms, national and international secuaityl more importantly soldiers lives.

In an attempt to formulate a method capable of iding insight to DMs via

emergent behaviors concerning the logistics archite and selected COA'’s, a thorough

investigation into the critical components of thelgem as well as potential methods

capable of modeling the environment was conductBads investigation was performed

for the purposes of identifying what is approprietdoe modeled as well as how to model

the environment. The morphological matrix, showTable 4, is a partial representation

of the various options available to a research&etpn modeling and analyzing the

Table 4: Morphological Matrix for Assessing ConcejieAatives
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Concepts Available Methods or Tools
Requirement Customer Historical Forecasting Stochastic
Definition Trends Analysis Processes
Opgraﬂonal Static Dynamic
Environment
Modeling . ) ) \\\
Uncertainty Probability Fuzzy Logic Classical Sets|  Info Gap \\\\;\t\}\\\
Facilitate Delphi Case Based \‘\‘3?\ Approximate \“*\e\\\& \
Forecasting Technique Reasoning \\§Q~a\:\$\~ reasoning \\“\\\\\\\\\\
Design Space . Space filling \\?\\\ \ Latin Hyper
Exploration Full Factorial Sphere pack \‘\m‘\* & Cube Monte Carlo
Determine Problem . .

. Nonlinear Linear

Representation
Determine High Pareto Customer Prediction
Value Nodes Input Profiler
Surrogate Linear Neural \\\\\\\\\ \
Modeling Methods RSE Networks §~ X Ay =
Provide Prediction \\}\\\ ROV \ Case Based . . \“\\\\\\ \ Regression
Capability \\\\\b\\\Q\\ Reasoning Wiener Fllters \\\\\\‘\\\\\}}Q\\\\\\‘\ Analysis
Scenan(_) Existing tools | Custom tool MIP
Generation
Decision Making | Human in the | Artificial Adaptable Soft Combination
Capacity loop (HITL) Intelligence system Computing HITL & Al
Use of Real Time User level Operational .
Sensory Data level \ \
Simulation and \\\\\ \
Visualization ARENA \“\\ \ MANA Custom MatLab




necessary information for a DM to select a suppochitecture and COA for this
environment type. This matrix and the resultingeasment is focused toward the
problem at hand, the architecture selection andyhbsgnto the logistical distribution
network for a military force faced with a broad sfpem of responsibilities. The matrix
is not an all inclusive representation of altewvediavailable, but shows there are at least
1.8 million possible methodologies that could beduso aid the DM in forecasting the
logistical needs and determining the systems aactites.

The morphological matrix in Table 4 addresses Cleere the author contends
there exists no one “right” way to solve a problenmstead a decision must be made
based on the design space or operational enviranageto what tools, techniques, or
custom processes need to be used or created sa pmablem can be solved. A down
select was conducted based on the author’s assesengiide him to a unique solutions
process capable of defining, representing, andyaimgl the military logistics analysis
problem described in Chapter 1.

The areas highlighted in yellow helped the autharow down the potential
methods or tools available to formulate a directiorthe research into joint logistics
forecasting. This was accomplished by examinirgggioblem and the needs to model
the problem. For instance the first item “Requieets Definition” has four potential
options. Because the current military environmentbeing shaped everyday it is
important to have customer input into the proceSishough determining the most robust
logistics architecture is a dynamic and evolvinglgem, historical trends (recent and
old) can be utilized model “real world” future exjp&tions. The other two options could

have also been used, but were eliminated by theoautThis same approach was taken
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for all of the concepts in the matrix to down selbich tools or approaches the author
felt were applicable to the DOD problem. Althouglscoping of the tools and methods
was performed this still represented 15,552 paémtombinations as indicated by just
the yellow shaded cells in Table 4. Continued stigation into these options approaches
was conducted and a further elimination of thossng in yellow was performed,
indicated by the diagonal thatching of the shadsls.c The result is a more manageable
16 approaches and is based on the assumption ahhbiratorial application of things
like Pareto analysis and a prediction profiler loe tombination of using MANA for
M&S in conjunction with MatLab for visualization walibe conducted.

In order to provide a logical selection and manag@mof the information
available to the DM, the creation of a logical psxéhat begins with problem definition
to solution needs to be created. The aim shoultblmmapture pertinent information in
such a way that it narrows down the volume of slipsus data and allows a DM’s to
visualize relevant performance measures and ukimécilitates the selection of COAs.
The steps a designer in this process, which detimeATLAS method, would take are

outlined below:

Step 1: Define the Problem

A Step 2: Identify Systems Architecture and Major Comgnts: Experiments
Step 3: Create Modeling and Simulation (M&S) Envir@min
Step 4: Verify M&S Environment

Step 5: Create / Update a Case Based Database

B Step 6: Identify and Incorporate Uncertainty in Mibedge or Information

Step 7: Create Surrogate Model

Step 8: Visualize and Explore the Design Space

C Step 9: COA for Architecture Selection or IteratecB to Step 5 or Step 1 i
Necessary
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The methodology above is a very broad and repraseatof any problem decomposition
and subsequent processes aimed at determiningigosomethod in the sense that it is
applicable to a variety of problems. While the Igoathe steps above is to have a
method that is applicable to more that just theitamy logistics problem being

investigated, the ATLAS method must be further miedi to be applied to this class of

problem. This is further outlined in the followimgore specific steps:

Step 1: Categorize the problem in terms of militapgrations (i.e. combat,
humanitarian aid, counter terrorism, etc.

Step 2: Identify system level architecture and Congmts in terms of
personnel, equipment, and expected enemy chaistatsri

A Step 3: Create a Modeling and Simulation (M&S) Enwinent that
represents the operational (low) level characiesish an appropriate
military M&S application.

Step 4: Verify that the M&S environment is represenrealistic and or
expected results.

Step 5: Create / Update a Database of specifidsrgmd experienced or
simulated outputs that can be accessed via a ugeiy using Case Based
Reasoning.

B Step 6: Identify and Incorporate Uncertainty in Mitb@dge or Information

via Fuzzy Logic and the incorporation of Fuzzy Mearghip Functions.

Step 7: Create Surrogate Model that is representafithe environment.
For military operations this environment is asymmeetlynamic, and non
linear. ANN is best suited for this environmerey

Step 8: Use the Case Based Database to VisualizExgiore the new
C Design Space as compared to those in the database.

Step 9: Select a COA for Architecture Selection fondcast the need for
critical logistics materiel or Iterate Back to Stepr Step 1 if Necessary.

The methodology will be applied to aid the militaDMs in determining what the
logistical needs are and the force architecturasate capable and robust enough to meet
the needs of changing and dynamic missions enwdidar the future force described
herein. The ATLAS method encompasses a range dafigues that should have
explanatory properties capable of imparting knog&etb the military DM and increase

their awareness of the problem domain. Pictoriafresented in Figure 25 is a flow
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Figure 25: Flow Chart of the ATLAS Methodology
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diagram of the specific steps that will be emplopgdhe author in his investigation of
logistic determination for a small military unit der the Seabasing and Distributed
Operation framework.
The first process block of ATLAS method, A, is develop the modeling and
simulation environment. This is where the designast assess the problem posed. This
GATHER EXPERTS
& OTHER INDIVIDUALS A
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w
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Figure 26: Develop / Modify the M&S Environment
encompasses getting the DM, experts, and or otkcshave a stake in the outcome
involved in the process as soon as possible torrdete measures of performance,
measures of effectiveness, and reach an agreemensuaitable framework for modeling

the scenario environment. The fidelity of the mModgenvironment should be dictated
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by predefined critical nodes and relationships tjiduo exist or deemed necessary when
constructing the model. This process can be ddrapon if necessary as indicated by
feedback from the third process component labelaud Eigure 25. By performing these
steps in the ATLAS method, theoretically a desigstewuld be able to overcome C8 so
that the MOE'’s, the model, and the results obtaineth subsequent analysis are usable
to anyone involved in the design and COA seleqpiatess.
The second process block, B, of ATLAS developsnadifies the model from

process A. The dynamic environment of military igpenal space is complex. Helping
to reduce that complexity is one of the key comptsmef ATLAS. This is accomplished

ESTABLISH AND B
EXECUTE A DESIGH

OF EXPERINMENTS ON
THE WODEL

w

RECORD AMND STORE
INPUTS & OQUTPUTS
INTO & KNOWLED GE
ORDATA BASE

.

GEMNERATE A
SURROGATE (AN
FROM THE DATABARZE

-

APPLY FUEZY LOGIC
FRIMCIFLES TO
FEFRESENT THE

UMNCERTAIMT Y I[N LOW
LEVEL INPUTS

-y

USE CARE BASED
REASONING TO FIND
SIMILAR EVENTSE AND
OUTCOMES TO BEGIN
COA DEVELOPMENT

Figure 27: Create / Modify the Surrogate Model
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by providing a way of gathering the knowledge, eigpees, and information that can be
effectively applied to the design space into onetredé knowledge base. Designs of
Experiments should be instituted to execute theehoder a range of input variable
settings to populate the knowledge database aaditm generating a surrogate model of
the operational environment being explored. Thewkadge database is meant to aid in
the selection of appropriate COAs based on cur@me architecture and situational
information through queries by a logistics DM or coander. As with any evolving and
real world problem, there exists some level of utadety in the information available.
Accounting for this uncertainty will add to the reased fidelity of the surrogate that is
created in this component of the method.

The third component, C, in ATLAS is the analysiock. This is where
correlations are observed and data is scrutiniZzéotough visualization softwareshat-if
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Figure 28: Perform Analysis and Select a Cours&atibn
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investigation can be performed and DM'’s can poténtse the impact of various COA.
COAs are executed and then feedback is institudech¢asure how “good” the DM’s
choices were. If the results are acceptable aB@®A is pursued the process stops and
the scenario information can be incorporated ihtodase based database for future use.
If no COA is determined, the process will iteratelk to component B for reevaluation.

If the result or no suitable COA can be determitietlprocess can go back to the initial
development of the M&S environment, component Abétter define and or represent
the design space. This process can continuethetihuman in the loop DM is satisfied
with the forecasted architecture needs, logisecgiirements, and predicted outcomes on

the MOEs or MOPs. The icon proposed for the ATLAShoe is shown in Figure 29.

\mmanitarlan Ajg

,, AADAPTIVE
TECHNIQUE FOR
" LocisTics
ARCHITECTURE
SELEcTION

Figure 29: ATLAS Icon

Communication [ .
Information
Technology .
Resource Allocation

The ATLAS method is a decision support system/that is meant to aid in the DMs
selection of system architecture via a generatiba cequirements list to support and

sustain operations across the broad spectrum ofoanvents. For the military, these
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spaces primarily fall under counter terrorism, hoitaaian aid, and combat operations.
At its core the DOD and armed services are purstiiegconcepts of Seabasing and
Distributed Operations to meet the robust architectand flexibility needs in the

littorals. This will be done by leveraging conting advances in communications
capabilities, information gathering, implementatioh new technologies, and efficient

resource allocation.

4.1 Methodology Defined

The ATLAS method has been developed not only aayatw attempt to solve the
military logistics and architecture problem beinyeéstigated, but also as a way to
address and overcome some of the technical chakeaogtlined in Section 3.3. These
challenges are ones faced by designers, engireetsanalysts in a variety of fields on a
continual basis. Evolution of techniques, softwaared other tools are implemented
through the ATLAS method to meet these challenggitimately, application of these
solution types will have to be applied as more anmile challenges are indentified and to

those that are as of yet an enigma to the desigmumity.

4.1.1 Step 1: Define the Problem

As with any solution process, the first step shdaddo understand the problem as
much as possible before venturing down a pathattampts to find an answer. Table 4
shows there are several paths available to thdesenpting to find a solution process.
The volume of possibilities represented here rege® the need for this critical step to
create a solid foundation to the created solutrmagss. Defining a problem can occur in

a variety of ways. The options available to perfdhis step will vary depending on the
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situation, but often times problem definition ocstinrough observation, problem reports,
and or some form of analysis.

Observation is the simplest form of problem defomtthat gives a person visual
cues to how a process currently works and how ¥ tma failing or lacking to some
degree. This form while quick and easy can ofemd$ an observer to only see the
surface of the problem and can fail to identify thet cause of a problem. Reports or
information on problems are often times collectgd gnoups or entities and can be
aggregated to show some trend or apparent caussues facing the problem solver.
This technique tends to add some reliability tontdieation process because hard data
substantiates the problem identification procegghile this is true, this method can be
skewed as what is one problem to one person mageauassarily be an issue to another,
thus causing some ambiguity as to what are thendrifactors attributed to the problem
being investigated. The last method of analy$s tto incorporate a balance of all three
methods with emphasis on delving as deep as thagonosolver wants to in trying to
identify causal factors. Applying this processaluresults in a deeper understanding of
the problem space on a holistic scale and can bge heneficial to quickly finding a
solution. The caveat to this method is that ibften time consuming and expensive to
perform. Depending on the situation, this methaeghtalso be unnecessary if the causal

factors are easily indentified by another methad tan adequately define the problem.

4.1.2 Step 2: Identify Systems Architecture and Major Components

With the first step accomplished, the next stefo iglentify the environment and
components relevant to the system or systems bmiadyzed. This process should

consist of a multidisciplinary or conglomerate oérgcipants. Today’'s complex
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problems often have a variety of participants, daggnd small, that are in one way or
another are a stakeholder who has an interest enptioblem being investigated.

Inclusion of the pertinent participants goes hantdand with Step 1 and also extends to
this step to accurately identify applicable piecéthe problem set. Conducting this step
requires some intimate knowledge of the environnignthe problem solver or designer
So as to not omit critical factors that have begon the problem. This step is critical for
the designer to move onto Step 3. Completion isfgtep should enable the designer to
systematically create the pieces that will be useshodel the design environment being

investigated and aids in addressing C1.

4.1.3 Step 3: Create Modeling and Simulation (M&S) Environment

Modeling and simulation of dynamic and complex emwiments is never an easy
task. Establishing the assumptions and obtaingngesment from all those involved is a
difficult task. Building a model that mirrors theey concepts of the reality being

investigated is paramount to success of a desgnesults. Figure 30 below depicts the
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Figure 30: Modeling and Simulation Wheel (Adaptemirir[13])
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elements and ensuing process that can help to farena realistic model for the design
environment. Computer models have emerged asraesofi creating surrogate realities
for design or problem space exploration. A widegetg of these models exist in varying
fidelity. Some are mathematical in form, some mpooate the capability to create
environments from scratch using computer progrargngade such as Java or C++,
while others are packaged applications createdspecific industries or environments
where modeling and simulation have become the norm.

Choosing the correct modeling application and imwng the proper stake holders
to assess the accuracy and fidelity of the mod#laddress C1 and C2. While this is
also aided by the following step, Step 4, selectirggproper application nor Step 4 aid in
achieving agreement between all participants. &hare many applications and
techniques in gaining consensus from a group, &dpewhen the group has competing
or differing opinions. Gaining group consensus bancritical to gaining wide spread
acceptability and usage by those involved in theistten making process, but is not a
focus of this research.

This step will likely be an iterative one when ptad with Step 4 because
agreement on the results of the model and how themdts were obtained lead to the
credibility of the output. Performing Step 2 adaigly is also important to creating a
correct model. As the reader can see meetingesigds C1 and C2 involves more than
just one step. This is indicated in Figure 26 witle feedback loops between these
processes that culminate with the next step inAtRBAS method before moving on in

the process outlined in Figure 25.
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4.1.4 Step 4: Verify, Validate, Accreditation the M&S Environment

Often times there are requirements or a desitomoluct measures of goodness a
created model represents. This is most approdmpednducting verification, validation,
and accreditation (VV&A) activities on the modélhere are a variety of definitions that
encompass these three efforts, but essentiallyghwsil the following general questions
a designer can ask themselves [101]:

- Verification: Did | build the model right?
- Validation: Did I build the right model?

- Accreditation: Should this model be used, how aterit are the results, and when
should it be used?

This step is the culmination of the first threepst and partially addresses C5. Its
intent is to make sure the problem was adequatefgstigated, defined, and translated
into a virtual medium for exploration and or prableesolution. Verification of M&S is
accomplished by observing the model under variegsdonditions to see if the model is
acting in a prescribed or known way. In enginegtims is relatively straight forward if
the model is primarily based on physical aspe@sagons, or quantifiable data. When
gualitative or hybrid environments are involved timeasure can sometimes be soft
because verification usually requires only that thedel satisfy the intent of creator.
Criteria or specific tests are usually providedattnl rigor to this process and satisfy the
perceived need for those all wishing to utilize thedel for an intended purpose.

Validation among many things investigates if thedelopossesses an adequate
level of fidelity for the environment being modeledBasic processes require simple
models, but in today’s environment nothing remasimaple and models can begin to

become complicated and almost impossible to moekdity exactly. To alleviate this
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issue assumptions are made by modelers and thisnst&/&A can be used to scrutinize
these assumptions. Finally this step endeavonse@msure how well the model outcomes
compare to some referent data set that is accegtegpresentative of real or quantifiable
outputs.

Accreditation is the process of deciding whethenatrthe model is applicable in
its form to be applied to the design space. W&lluse be valuable and will its use meet
acceptable cost, schedule, and other criterionnog tonstraints being imposed on the
problem environment that seeks to use the M&S apiphios are general criteria

considered.

4.1.5 Step 5: Create / Update a Case Based Database

This step seeks to collect and arrange the outcafnesher measured real world
data applicable to the problem set or the resultsimulation outcomes from an
applicable model. Data can be generated in extersmounts in today’s computer
intensive environment. This data if not properlamaged can literally bog down a
system or environment such that conducting analgsigetting meaningful results is
impossible. There exist many techniques and @fsitelf applications that seek to help
in data management endeavors. These applicatienssaally the result of users in the
field experiencing difficulty with data managemeid creating software that aids in
effective organization of information. Often timégese solutions are able to transcend
beyond their intended use and be applied in atyaoiedifferent fields that have similar
needs. For this reason selection of data manadespeiications should be scrutinized
by decision makers for their applicability, capdlas, and feasibility for the desired

need. This step in the ATLAS method attempts tikesta balance between several
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criteria. These criteria will likely vary dependimn the need and are usually born from

the need of a wide range of users and maintairféeheonformation pool.

4.1.6 Step 6: Identify & Incorporate Uncertainty in Knowledge/Information

Known known’s and unknown unknowns or in simplente knowing what you
know and knowing what you don’t know is importamot accounting for this fact or at
least having awareness of this element can benusmital to results in any M&S
environment. A look at Figure 31 shows the genarglact of how uncertainty in

knowledge can have an impact in the risk decisinakers may have to face in vague or
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Figure 31: Risk or Uncertainty based on Knowledgén€d over Time [136]
ill defined environments. Accurately modeling tieal world and its effects is a difficult
and sometimes arduous task. Assumptions are mamplify the environment, ranges

can be applied to a data point to allow some fié®bwhere in reality there is not.
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Uncertainty incorporation and analysis can be diffi in situations where the
environment is dynamically changing, time dependantasymmetric. To solve this
dilemma many attempt to incorporate repeatability seproducibility, and yet others try
to determine fitness of information or utilize me@snent metrics. This step in the
process seeks to incorporate the inherent lacknofvledge in the design space input
factors. This can be accomplished through a wargdt quantitative or qualitative
technigues. No one technique is the right solutitins up to the designer to determine
which is suitable for the problem space.

The ATLAS method uses fuzzy logic in this step represent the decision
maker’'s assessment of the quality or certaintyhefihformation that represents the input
variables of concern. This assessment is subgeaind dependant on the DM’s
experiences, qualifications, and training. Usingzly logic adequately addresses C3
where the desire to incorporate the HITL's or th&'® cognitive assessments of
information is a need identified by military leager The complexity and dynamics
involved with real world operations require a Hlpharticipant. Fuzzy logic allows the
impact of the cognitive assessments that are uniqueach and every operational

environment.

4.1.7 Step 7: Create a Surrogate Model

A surrogate model or metamodel is simply a model ofodel that can be used to
approximate a design or problem space, generally @mputationally cheaper price.
Often times, running detailed and or complex modele be time intensive or cost
prohibitive to designers. As a result, tasks sagtiesign space exploration, sensitivity

analysis, andwhat-if exploration become impossible since they requoenetimes
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thousands or even millions of simulation runs. dleviate this quandary, surrogate
models were developed. There are varying levelfdedity for surrogate models to
include linear approximations, quadratic equatiompmlynomial response surface
equations (RSE), artificial neural networks, efthese models usually work in a black
box environment were the user does not really bang the results are achieved, but
requires a medium that takes inputs and producéd wad suitable outputs. The
accuracy of these models depends on how many dpesigts or cases exist in the design
space and can be created with a variety of expatsner DOE to help formulate the
surrogate model. It is important to note that ¢hewdels are generally only capable of
modeling the design space outlined in a DOE andllyshave erroneous results when
applied outside this design space. There existstnct rule for determining the best
metamodel type to be used and application of sateotypes is strictly dependant on the
design space. Linear, quadratic, and RSE genepalform well in smooth, linearly
approximated, and continuous design spaces. ANdMHorm well in complex,
discontinuous, and highly nonlinear design spad&hatever the designer’s choice, the
ATLAS method seeks to incorporate a metamodellowatlesign space exploration and
what-if analysis at the user level.

This what-if analysis can also help conduct optimization amalga the design
space to find the best operational architecture lagistics package to support the
operational environment being modeled. This amalyeelps to meet C7 where
optimization no longer fulfills the desires for winess. This especially so when the
operational environment is dynamic or the requinreim@re in flux and a solution must

be adaptable to the evolving environment/desigoepa
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4.1.8 Step 8: Visualize and Explore the Design Space

Visualization and exploration of the design spaae loe performed in a variety of
ways in today’'s M&S world. The goal should be tmpde these capabilities with
reference to the audience viewing the environmést.stated earlier data is all around us
in many fashions and managing this data is an itapbitask, but also being able to
visualize data and manipulate it in a dynamic fashs a necessity for the fast moving
pace designers and many decision makers face tolgls such as JMP from SAS seek
to provide links to statistical and output datattb@n be dynamically viewed through a
variety of graphics. Other options exist with cust codes created in a variety of
programming languages or one can use off the sléiivare applications like MatLab,
Java, and C++ that allow a user to perform mathealatalculations, create GUI's, and
create models. The options are endless in thisaaagd can be as unique, extravagant, or
plain as the designer desires. The ATLAS methauderals that a picture is worth a
thousand words. Incorporating visualization andigle space exploration tools are
critical to bringing information to the user quigkdnd in a more efficient manner.

Accomplishing this step adequately helps to addé&ssnd C9 and can provide
information to a variety of decision makers at diffig levels in support of decision
making activities. The M&S environment along withvariety of data representation
and visualization techniques in the following spepvides a venue for scoping the sea of
data prevalent in these dynamic and unpredictai@a@ments so that a COA can be
developed with foundational support data. If tesigner has adequately performed the
steps outlined in Figure 25 and gained agreemanrh fetakeholders, the cost and

feasibility of usage by decision makers should beuah easier task,
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4.1.9 Step 9: Determine COA for Architecture Selection or Iterate Back to &p 5
or Step 1 if Necessary

Now that the decision maker has visualized andaegpl the design space, the
goal is that useful information has been garnegsethbe user or decision maker in such a
way that a decision support system has been crélaé¢atan provide justification for a
particular course of action. With the copious antewf data available, no one human
can adequately process all of it. Computers cdp héth complex and intensive
mathematical calculations, as well as allow virttgpresentation of the design space.
This final step of the ATLAS method now calls upbe HITL or decision maker to use
the post processed information acquired by the ASLAethod to determine a potential
solution. The ultimate question should be is themeugh information for the decision
maker to begin determining and coming to a solutioterms of logistical needs and an
adequate support architecture. This step addr&sasthe determination of sufficiency
of information to finding a relevant COA to pursuéf a suitable solution cannot be
reached the designer has the option of revertic§ tprevious steps to better define or
model the design space. Answering C5 arguablysshgective assessment and will be

significantly aided by the efforts in Step 4.

4.2 Summary

The proposed methodology aims to bring togetheersé\areas of research that
have garnered renewed interest or created foruh@ope of solving highly nonlinear and
dynamic design problems. Case Based Reasoningy flegic, and artificial neural
networks will be incorporated together under theLA$ method. CBR has shown

significant promise in finding relevant and readadeasolutions/answers when large
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amounts of data and complex relationships betwepuatifactors are involved. Fuzzy
logic has reemerged, thanks largely to advancesnmputing, and is being applied to a
variety of problems where human in the loop, listjas, and the need for a balance
between high fidelity and imprecision are benefici&inally, ANN have shown the
unique ability to decompose complex and nonlinearirenments to aid in producing
surrogate model representations of these real veontonments.

The combination of these three core concepts shbeldbeneficial in the
previously described military logistics arena wheaga is often times scarce, ambiguous,
or just not readily available. Overcoming this gapl formulating a way to solve the
military’s logistics requirements by developing athod that performs better than
antiguated linear methods should help to advancak farther areas were predictive
analysis is a key aspect to success. This shdldd ghose who need to have more
assurance than a “gut” feel about the future outc@nd performance of real world

systems to have justifiable and a basis for spgecdurse of action selections.
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5 PROOF OF CONCEPT

“Things should be as simple as possible, but mapter”
-Albert Einstein

5.1 Establishing the Scenario

The scenario applied to the ATLAS method is bagazhwa scenario generated by
the USMC and was subsequently adapted by CPT Matiaeav(USMC) for his Masters
Thesis while attending the Naval Postgraduate Schblis scenario was established by
the Marine Corps War-fighting Lab (MCW.L) for a Distuted Operations Seminar War-
game held in Nov 2004 and employs a platoon sident, depicted in Figure 32. The
mission for the platoon is to conduct interdictenmd surveillance operations across a six

kilometer border in a region of rugged terraindeven days.

DO Platoon Organization

“A” Command Group ‘ “B” Command Group |

Plat Cmdr Plat RTO Rifleman Guide Plat Sgt Rifleman Rifleman Corpsman

SERIEE RS

11t i e
SRR AR A R A
i s s o s s s s

Capable of integrating attachments as necessary

TEA

Figure 32: DO Platoon Organization [24]
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The operational scenario is one in which an unknsized enemy force uses part of a

border area for staging, link up points, and emeaand exit points for routes along the

six kilometer border. Intelligence has provided likely enemy COA in Figure 33.

Figure 33: Intelligence for Most Likely Enemy COA14]
In support of the platoon for this mission are #@w@ia delivery assets that can deliver
supplies vicinity of the platoon’s distributed ldicms. The platoon will be split up into
its three squads and two command elements to prafigctive coverage of the area.
The combat support structure (Seabase) is approeedynd0 km away. Available to the
platoon are a variety of communication assets ritgrnal and external communication

with 100% reliability. Also available to the plato are indirect fire assets in the form of
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an artillery battery for either defensive or engagat operations. The geographical

depiction is in Figure 34.

Figure 34: Operational Area Geography [114]

Analyzing combat operations and building subsequaodels that represent this
space involves accounting for intangibles alondghwaity of the physical aspects that can
be mathematically represented. Intangibles camaily be defined as those attributes
that a soldier or enemy combatant possesses wpéeating in the operational area.
These traits consist of, but are not limited to af®rcourage, ingenuity, determination,
and luck. The development of this scenario invélugany people. Some of the people
on the list of contributors are experts from thelitary with years or operational

experience, researchers from the Navy, Marine Cama Army who have worked
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extensively in the analysis and development ofst@old methodologies aimed at giving a
clearer picture when it comes to logistics, alonghwothers that have had some
experience in the application of software and miadetiools. For that reason the author
determined, through his own dissection and militakperience of 13 years that the
scenario and base model developed via CPT Bais&areh was a good starting point.
The basic scenario above contains the objectivesion, and intent for the DO
platoon’s logistic support requirements being amady It has been established that
supporting this platoon will be critical to its ®®ss. Without proper supporting elements
and a well thought out architecture the platoorl lkkly be incapable of successfully
performing its primary or any alternate missior@rganic to this platoon are weapons,
vehicles, radios, medical supplies that all requorsumables like ammunition, batteries,
fuel, etc to keep operating. Other consumables @ssist of basic sustenance of food
and water for each soldier. All of these commeditare consumed at varying rates
depending on the situation. In the past the mylitetermined supply quantities based on
a per man metric that was determined by aggregaisigrical supply data. As has been
discussed, the military is moving away from a lasgpply depot ashore to reduce their
logistics footprint and promote flexibility and nogtness of their forces capability to react
to varying operational scenarios. The solutiothEse requirements, the military feels, is
Seabasing. As such determining the architecture $¢abase and its components must
be determined. In order to do this, a fundameuatalerstanding of the forces to be

supported like a DO platoon should be investigated.
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5.2 Traditional Logistics Determination

As has been discussed, the military is keenly awétheir logistics woes and is
currently trying to augment/increase their abiltty perform logistics activities in a
seamless and transparent manner. Incorporatingandwelevant operational data is the
best way to see emerging trends and forecast tigtittal needs for the changing force.
The DO Platoon modeled in MANA can be compared tt tf a specialized Army
Infantry Ranger platoon. They are almost exadtly same in number of soldiers,
capabilities, and force makeup in terms of weapapsymunications capabilities, and
vehicle assets. For that reason this Army unit & used as a comparable force for

application to the Army’s logistics planning toesdussed next.

5.2.1 Operations Logistics Planner (OPLOGPLN)

The Army has developed a tool called Operationalgistacs Planner
(OPLOGPLN) that serves as a logistics planning foolArmy units and organizations
currently in existence today, see Section 2.14APLOGPLN is a Microsoft Access
Database GUI available from the Combined Arms $ervCommand (CASCOM)
located at Ft. Lee, Virginia. The user is referted22] for more information on the
background and how to use this program. The progiansists of six processes that the
user performs to determine the logistics need &pexified unit. These steps are:

Step 1: Select Units

Step 2: Create Task Organization
Step 3: Determine Operational Phases
Step 4: Set consumption Parameters
Step 5: Select Reports to Create

Step 6: View Available Reports
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The first step allows the user to either selectrar@e generic Army units that currently
exist under the military structure or the user cegate a custom unit from an extensive
equipment list to create a Modified Table of Orgatian and Equipment (MTOE) that

will define the custom unit. It is important toteahat when a custom unit is created,
clearly defining the assets and force makeup agefalindation for subsequent steps
where resource allocation is aligned with the amstmit's MTOE. Referring to Figure

32, the makeup of the Ranger platoon in OPLOGPLMisbs of the items in Table 5 and

Table 5: Equipment List for Command Group A/B Eletse Squads [8]

Equipment Description Quantity
Adv Med Kit Advanced Medical Kit 1
ETCS Expeditionary Tactical Communication System 5
FHMUX Frequency Hopping Multiplexer 11
GLTD Ground Laser Track Designator 3
TV Internally Transportable Vehicle or HMMWYV 11
I1ZLID Infrared Zoom Laser llluminator/Designator 11
M4A1l 5.56 mm Rifle 26
M-203 5.56 mm Rifle with Grenade Launcher 9
M-240G 7.62 Machine Gun w/ Tripod 3
M-249 5.56 mm Machine Gun 9
M-2HB 0.50 Caliber Machine Gun 4
M-9 9 mm Pistol 2
Med Kit Standard First Aid Kit 5
MK-19 Automatic 40 mm Grenade Launcher 4
PAS 13-H Optic for 0.50 Caliber Machine Gun or MK-19 8
PEQ-2 Pointing Laser 11
PRC 117 Squad ,Platoon, HHQ Fire Control Digital Communications 5
PRC 148 Platoon Command and Control and Close Air Support Radio 11
PRC 150 Platoon to HHQ Communications 1
PRR Personal Roll Radio 44
PVS-17 Night Sight for M-240G 3
PVS-5 Night Vision Personal 11
Soldiers Self Explanatory 44

as indicated by Bain in his work. Initiating OPLBEGN’s ability to create custom units,
the author created a 44 man platoon with the eqenmprissted in Table 5. Because the
Army and Marines are primarily ground forces, it wagt extremely difficult to create

the units to match according to the equipment li8¥hat was difficult was filtering
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through the extensive equipment database assoeutePLOGPLN as well as dealing
with duplicate entries of equipment types underyway similar nomenclature or
descriptions. A partial report of the makeup of tilatoon created in OPLOGPLN is

displayed in Figure 35. The full report is in Apjolex F.

UNCLASSIFIED

Equipment List

OPLOG Planner

Unit level Phase Report

Phase 1D Phase Name: Start of Phase: Length of Phase:
1 Begin Day1 1 days
Joint Military Unit  Individual Total

Task Org: Task Org Name: Phase Operation QTY LINGQTY LINGQTY

Do TO1 Seize Initiativ Offensive Op 1

|‘DD Pit CUSTOM 1
—C06935 CARBINE 5.56 MILLIMETER: NM4A1 26 26
—CF7687 COMPUTER: FIRE CONTROL AN/PSG -8 ()1 1 1
—G97730 GUN LAYING AND POSITIONING SYS: (GLPS) 3 3
—LE68012 LAUNCHER GREMADE: 40MM, M203E 2 g 9
—L91975 MACHIME GUM CALIBER .50: HB FLEXIBLE (GRO 4 4
—M09009 MACHIMNE GUN 5.56 MILLIMETER: M249 9 9
—M29999 MEDICAL EQUIPMENT SET SPECIALFORCES: T 1 1
—M&0256 MOUNT TRIPOD MACH GUN 7.62NRM: 1 1
—M92362 MACHINE GUN GRENADE 40MNM: MK19 MOD Il 4 4
—M92341 MACHINE GUN: 7.62MM M240B 3 3
—HNO4456 NIGHT VISION GOGGLE: AN/IPWVS-5 10 10
—HO4596 MIGHT VISION SIGHT CREW SERVED WEAPON: 3 3
—HNO4732 NIGHT VISION SIGHT INDIVIDUAL SERVED WEA 8 g
—H05482 MIGHT VISION GOGGLE: AN/IPVS-TB 1 1
—Pa8152 PISTOL 9MM AUTOMATIC: M9 2 2
—R29799 RECEIVER SET RADIO: AN/PRR-9 44 44
—TE1562 TRUCK UTILITY: CARGO/TROOP CARRIER 1-1/4 11 11
—Z00041 SATELLUTE COMMUNICATIONS EARTH TERMIN 5 5
—Z00447 LASER MARKER: AN/PEQ-1B 11 11
—Z00873 HF RADIO SET: AN/PRC-150C MANPACK (COTIN 1 1
—Z00876 MANPACK TACSAT AN/PRC-117F UHF/VHF COT 5 5
—Z00900 ILLUMINATOR, INTEGRATED, SMALL ARMS 11 11
—Z02307 MOUNT TRIPOD F/IM240B MACHINE GUN 2 2
—Z28333 FREQUENCY HOPPING MULTIPLEXER: (FHMUX 11 11
—Z99966 RADIO SET: AN/PRC-148 (V) 2 (C) URBAN VER Sl 11 hh

OPLOG Planner 7.0
Paze 1

UNCLASSIFIED

Figure 35: OPLOGPLN Unit Level Equipment List
The only line item the author was unable to addabse it was not found in the

OPLOGPLN database is the soldier level medical &ice the weight of this item is not
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critical for this particular analysis this was desmegligible. Continuing through the

process, executing OPLOGPLN next requires the taseetup the Operation Factors and
Operational Phase Planning. The user has fouomgptivhen selecting the climate
conditions the force will be operating in. The #isted below with definitions for each

climate condition. The condition selected for thislysis was Arid.

- Arctic: a climate of generally treeless zones ofdia and of the regions of
permafrost in the Northern Hemisphere.

- Arid: a dry climate with an annual precipitatioruafly less than 10 inches.
- Temperate: a climate which is never extremely h@xtremely cold

- Tropic: a climate with continually high temperatsiravith considerable
precipitation, at least during part of the year.

The Operational Phase Planning is dictated by see loy separating the operation into as
many phases as the user feels is necessary. Tiher apecified three phases for this
scenario: insertion - day one, interdiction aci@gtalong the six kilometer border - seven

days, and then finally extraction from the openadicarea - day eight, see Figure 36.

UNCIL ASSTFTED

Operation Factors

Instructions:
Select the climate for this Operation.

Climate: |AH|D |E| ?

Operational Phase Planning

Instructions: Detailed
Enter all Phases, Phase Description, and length below. Instructions

Operational 1 erational Phase Description LR e
i lInsetion I I
[2 [Defend Border 2 B
3 |E straction |8 |1

Figure 36: Scenario Operational Characterization
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Next the author set the consumption parameterh&DO platoon for each of the
three phases. The screen the user sees is shokiguire 37. These three phases are
further separated into Army Combat Operation andtJdombat Phase settings, defined

in Appendix B4. In the consumption parameter sectine user can specify a variety of

UNCLASSTFIED

Instructions:
Select Task Organi

and Op | Phase. Set the Combat Phase and Operation for that

combination and then keep the theater defualt or custom rates for each class of supply. Repeat

Detailed
Instructions

for each Task Organi and Op | Phase.
1. Task Organizations: 2. Operational Phases: 3. Army Combat Operation: ,O—EI
[po el 1 [l ;
‘4. Joint Combat Phase: |SI -
— Task Organization (TO): Operational Phase 1D: Operational Phase Description: Population:
DO | 1 [+ [nsertion 44
Class T | class I | Class 1| Class 1V | Class v | Class V1 | Class v | Class vl | class ¢ | water [1ce | mail | Fuc Rates|
Class 1 Calculations are Population Based
* Use Default Class I Usage Rates for this Task Org in this Phase CLASS I
" Create Custom Class I Usage Rates for this Task Org in this Phase HELP

" Use Baseline Class I Usage Rates for this Task Org in this Phase

To add additional Meal Types,
Select "Create Custom Class I
Usage Rates for this Task Org in
this Phase”.

Additional Meal Types

Please Select the Perecent of the population using each meal plan
and if population gets HCP's.

Daily Meal Plan

% Pop:
oo Health and Comfort Packs
MRE+S: [0
MRE+S+E: [0 [_'HCP1 . T
UGRH/SES: [0 ;::E:i 0 Pap
UGR[H/S)+S+E: [0
UGR(AJ+S+E: [0
FAGE Restore All Restore Full ‘ Save As ‘ Yiew - Return to -
HELP Defaults Baseline - Baseline Baseline Main
UNCLASSIFIED

The data on this Tab is linked to the selected Task Org and Phase

Figure 37: OPLOGPLN Consumption Parameters
consumption and usage rates for the unit via the olasses of military supply. Several
of the classes, specifically Class V, VI, and Bte determined based on historical data
and or are classified so they are calculated inlackbbox environment. The
characterization of the scenario was designate@ftensive Operations for the Army

Combat Operations Phases and Dominate for the Goimtbat Phase for all phases of the

scenario. Meals Ready to Eat (MRE) were the solecsonf subsistence (3 MREs/day)
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and the water planning factor equated to 4.84 gslttay/man. The final screen, not
shown, allows the user to select the specific tspibre user would like OPLOGPLN to
generate. These reports cover each of nine clagsagply in detail and also include
mail, water, and ice forecasts. The consolidatagistics forecast from each report is
shown in Table 6. The full reports generated by OBPLN can be seen in Appendix F

Table 6: Consolidated OPLOGPLN Logistical Data @itgp

Supply Weight (Ibs)

Total Phase 1 Phase 2 Phase 3
Class | 1932.48 241.56 1449.36 241.56
Class I 728.2 158.4 488.4 81.4
Class Il 145.97 18.24 109.47 18.24
Class lll (Fuel) 2540.95 317.61 1905.71 317.61
Class IV 823.67 102.96 617.7599 102.96
Class V 809.42 101.17 607.07 101.17
Class VI 197.12 24.64 147.84 24.64
Class VI 52.8 6.6 39.6 6.6
Water 14205.82 1775.71 10654.32 1775.71

Planning factors for the above classes from the ©B38 website are shown in Table 7.

Table 7: Current Planning Factors for Army LogistiRlanning via CASCOM

Supply Class Pound/day/man Supply Class Pound/day/man
Class | 5.49 Class V Classified & only at
Theatre Level
NE Asia: 1.85 NE Asia: 1.10
Class Il SW Asia: 1.52 Class Vi SW Asia: 1.30
Class Il Varles_dependlng ON~jass VI Varles_dependlng on
Organization Organization
Temperate: 2.90
Class IV 4.37 Water Arid: 4.50

The total Class | weight is a simple calculatiosdzhon 3 meals/day/man and accounts
for 1056 MRE’s for the 44 man platoon for eight daySlass Il is also calculated by
taking the number of days and multiplying by thanpling factor to get the total for the
platoon over the eight days. This is primarily d@tross the board, except for Class V,
[ll, and VII, which either vary on the organizat®©MTOE or data on recent usage rates,

this is especially so in terms of ammunition andnance where 2005 data is used to
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calculate Class V forecasts. Discussions with CASICalso revealed that this tool
primarily looks at major combat operations and aggtes information and data to
determine logistical forecasts for military plansierCASCOM is working on creating
tools for the lower level logistician because thalization is that planning, especially for
Class V, must be a bottom up process and not aléem process. The OPLOGPLN
output of Class V, is critical and just as if nobm@ important than Class | and water are
to a soldier’s survival in a combat environmentheTresulting forecast of Class V by
OPLOGPLN is that it predicts 809 pounds of totalnamition for the entire 8 day
scenario is required; a significant shortage basedork conducted by Bain. A look at
Table 8 and the calculations for a typical combadlfor a DO platoon type unit shows
that for three days of supply, the ammunition weajbne comes to 3258 pounds.

Table 8: Basic Combat Load for a DO Platoon [8]

DODIC NOMENCLATURE WPN ROUNDS TOTAL | TOTAL |TOTAL
TAMCN| FER WEAPON | ROUNDS|WEIGHT| CUBE
AD5Q CTiG, 5.56MM BALL E1441 250 12,250 502 12
ADE3 CTG, 5.56MM TRACER E1441 10 350 17 1
ADB4 CTG, 5.56MM 4 & 1 LINKED E0Z80 200 7,200 438 14
A131 CTG, 7.62MM 4 & 1 LINKED E0G80 200 2400 242 5
4383 CTG, MM BALL E1250 an G0 4 0
A5TH CTG, CAL 50 4 & 1 LINKED E0984 400 2 000 790 12
B504 CTG, 40MM GREEM STAR PARACHUTE E0RG2 03 5 5 0
B505 CTG, 40MM RED STAR FARACHUTE ED282 0.2 5 5 0
B508 CTG, 40MM RED SMOKE GROUND E0202 0.25 5 5 0
8508 CTG, 40MM GREEN SMOKE GROUND EDRG2 0s 5 5 0
2500 CTE, 40MM YELLOW SMOKE GROUND ED282 0.28 5 5 0
2525 CTG, 40MM WHITE STAR PARACHUTE E0202 2 18 19 0
B542 CTG, 40MM HEDF LINKED FOR ME12 E0O04 288 1,152 864 23
2548 CTGE, 40MM HEDP FOR M72/M2032 ED282 18 162 119 3
GaS51 GREMADE, HAND FRAGMENTATION MDY 1 FER INDIVIDUAL 44 75 2
Go00 GREMADE, HAND INCENDIARY TH3 INDIY 1 PER ITV 11 2 1
Go30 GREMADE, HAND SMOKE HC MDY 1 PER SQUAD OR HO 5 13 0
GO40 GREMADE, HAND SMOKE GREEN MDY 1 PER SQUAD OR HO 5 13 0
GO45 GRENADE. HAND SMOKE YELLOW MDY 1 PER SQUAD OR HO 5 13 0
GOS0 GREMADE, HAMD SMOKE RED MDY 1 PER SQUAD OR HQ 5 13 0
GO55 GREMNADE, HAND SMOKE VIOLET INDIY 1 PER SQUAD OR HOQ 5 13 0
L308 SIGNAL, ILLUM GROUND REC INDIY 1 PER SQUAD OR HOQ 5 a8 0
L307 SIGMAL, ILLUM GROUND WSC INDIY 1 PER SQUAD OR HO 5 a8 0
L311 SIGNAL, ILLUM GROUND RSP INDIY 1 PER SQUAD OR HQ 5 8 0
L312 SIGHAL, ILLUM GROUND WEP INDIY 1 PER SQUAD OR HQ 5 g 0
L314 SIGMAL, ILLUM GROUND GSC INDIY 1 PER SQUAD OR HQ 5 3 0
L3223 SIGNAL, SMOKE GROUND RP INDIV 1 PER SQUAD OR HQ 5 3 0
L324 SIGNAL, SMOKE GROUND GP INDIY 1 PER SQUAD OR HOQ 5 8 0
L4085 FLARE, SURFACE TRIP MDY 1 PER SQUAD OR HO 5 g 0
Total 3,258 77
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For the DO platoon, sustained operations over tiigeemission are expected. While
supply usage will really depend on how often eneomntact occurs, 809 pounds does not
even equate to a single days expected usage bassmhibat standard planning factors,
let alone a whole week of engagements.

Although faced with this shortcoming, a look at @ELOGPLN Class V report
(Appendix F 6) when compared to Table 8 does shber g$ame line items and
ammunition type and class. This gave the authireseerification that the Army Ranger
platoon created in OPLOGPLN was setup correcthhiwithe tool. The OPLOGPLN
tool in the end provides reports on averaged lmgistor the unit specified, but is
incomplete. Even if it were capable of accuratéiyecasting logistical support
requirements in terms of consumables for the dasgghsmall unit, the tool does not
provide any information on suitable resupply paekages, when they will need to be
delivered, or allow the user to incorporate intgdhce or data gathered at the lower level
where small unit operation will be taking place amtere determination of an adequate

logistics support architecture will be conducted.

5.3 The ATLAS Method

Utilizing the same scenario that has been develdpednalysis in this thesis
consisting of a DO Platoon deployed for approxinyaseven days. A user can enlist the
aid of the ATLAS tool GUI, to be discussed in Sewtb.3.8.2, this tool facilitates the
information and activities resulting from Stepshitough 7 of the ATLAS method. This
tool provides an easy to use interface for the DMnmer, and or logistician at the
operational level that supports the DO platoon. thAd level, the logistician for a MEU

and the likely parent unit for a DO Platoon, wobklresponsible for supporting the DO
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platoon.

This person will have intimate knowledgfewhat resources are and aren’t

available to the MEU to perform logistic supportiates.

The MEU has at its disposal a complement of aegi@und, and other vehicle

assets that enable it to provide logistical suppo number of ways. Like any other

manager of systems, it is the MEU’s logistician’spensibility to manage these assets

efficiently. His/her actions are highly correlatea the individual units in the MEU

succeeding or failing in their assigned missiodsr MEU is typically made up of the

assets listed in Table 9. The critical assets wilitbe utilized for supporting the DO

Platoon are highlighted in yellow. The Aviationr@bat Element (ACE) and Logistics

Table 9: MEU Table of Organization &Equipment (TO&EP]

Quantity Nomenclature Use
30 Medium Tactical Vehicle Replacement trucks multiple
63 High Mobility Multipurpose Wheeled Vehicle multiple
7 500 gallon water containers multiple
2 TX51-19M Rough Terrain Forklift logistics
4 Tractor, Rubber Tire, Articulated Steering logistics
2 Reverse Osmosis Water Purification Unit logistics
4 Mk48 Logistics Vehicle System logistics

1 Medium Tactical Vehicle Replacement dump truck logistics
1 LMT 3000 water purification unit logistics
3 D7 bulldozer logistics
8 M252 81mm mortar ground
4 M1A1 main battle tank ground
71016 | Light Armored Vehicle ground
8 FGM-148 Javelin anti-tank missile ground
8 BGM-71 Tube Launched, Optically Tracked, Wire Guided (TOW) Missile ground
15 Amphibious Assault Vehicle ground
6 155mm howitzer: M198 or M777 ground
3 UH-1N Twin Huey utility helicopter aviation
2 KC-130 Hercules re-fueler/transport aircraft aviation
6 CH-53E Super Stallion heavy lift assault helicopter aviation
12 CH-46E Sea Knight medium lift assault helicopter aviation
6 AV-8B Hatrrier jet aviation
4 AH-1W Super Cobra attack helicopters aviation

Combat Element (LCE) consists of support units withe MEU and play a critical role

in supporting units like the DO platoon.
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(Reinforced) composed of a Medium/Heavy Helicoptguegiron that is augmented with
three other types of helicopters, one detachmeiimgghibious flight-deck-capable jets,
and a Marine Air Control Group Detachment with a&ffic control, direct air support,
and anti-aircraft assets [75]. The LCE contaihsha logistics specialists and equipment
necessary for the unit to support itself for 15 dag an austere expeditionary
environment [75]. It includes service support, neafli dental, maintenance,
transportation, explosive ordinance disposal, amitpolice, utilities production and
distribution, bulk fuels, and other technical expdr5]. Of note to the equipment list in
Table 9 is that the MV-22 Osprey is in the procdsseplacing the CH46E Super Night
and the AH-1Z is scheduled to replace the AH1-WO@0n the MEU’s TO&E. The DO

platoon scenario will now explored with these chemgnd with the ATLAS method.

5.3.1 Step 1: Define the Problem

Step 1 requires a problem definition, in this celogistician along with direction from
senior leader and peers will develop a landscapkeobperational environment based on
varying levels on intelligence available. The basenario is being utilized with the DO
platoon being deployed upon a six kilometer bomslth the goal of preventing enemy
combatant access across the border. The logiste@amow gather information he has
available about the situation, some of which wWertually be used to codify the
operational environment. This information tranefed into operational variables can be
categorized into three classes and two types. fifdtaype of variable consists of factors
that are controllable by the logistician. This @ypf information has two classes,
information about the platoon and its capabiliteesl information about the logistics

support element and aviation assets. This clagdvem types of data will be determined
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by internal status reports, known operational cdgals, or from standard operating
procedures within the MEU and its units. The séctype of information encompasses
uncontrollable factors and falls into the thirdssdaf data that describes the enemy force,
its perceived capabilities, actions, and or int@ifitese factors will likely be determined
by intelligence and will contain some level of urtasty and variability, especially as

the situation develops.

5.3.2 Step 2: Identify Systems Architecture and Major Components

The DO platoon envisioned has a basic architecsreutlined in Appendix B 1.
The two tables in this section list all of the g@uent and assets available to the platoon
as well as the structural break down for commandi @mtrol purposes. The biggest
advantage the platoon brings to the table is iityabo communicate effectively, sense
its surrounding through enhanced sensors (nigidrvisquipment, satellite imagery, and
other forms of intelligence), and equipment capafiiedentifying and engaging an
enemy at great distances. With these technologipled enhancements arise
requirements to support the platoon in a varietywalys that historically were only
needed for large military units. Unfortunatelygeggation can no longer be utilized to
determine the logistical requirements. While tbesumables needed to support the DO
platoon are rather generic and generally readigilable, large scale operations made up
of many distributed forces will surely reduce thaitability of these resources. This
increase in support requirements, if not forecagtegerly, would likely result in these
consumables being in short supply; hence the parpafs this research and the
development of the ATLAS methodology. Ultimatdlyformation about the operational

environment and ways for a logistician to assessded of the engaged forces is needed.
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Filling this gap should help the MEU realize effiooges, aid in proper support
architecture selection, and facilitate the robusdref the MEU support elements.

The MEU, as alluded to in Table 9, has a wide wardtvehicles as part of the
table of organization and equipment (TOE). Talfleshows the relevant vehicles for this
analysis with the CH-46E replaced by the MV-22 Oganed the AH1-W replaced by the

Table 10: DO Platoon Specific Equipment for LogistSupport

Quantity Nomenclature Use
63 High Mobility Multipurpose Wheeled Vehicle multiple
3 UH-1N Twin Huey utility helicopter aviation
6 CH-53E Super Stallion heavy lift assault helicopter aviation
12 MV-22 Osprey Tilt rotor vertical/short takeoff and landing (VSTD | aviation
4 AH-1Z Super Cobra attack helicopters aviation

AH1-Z Viper. Within the MEU, the logistics workhas especially in a seabased
environment, will be the MV-22 and the CH53E. Thése aircraft are often times
supplemented with two AH-1 attack helicopters fefathsive purposes. The addition of
the AH-1 is certainly not a requirement as the MVi&2equipped with a 7.62 mm
machine gun at the rear of the aircraft and isd&oked at for retrofit of a triple barrel
0.50 caliber Gatling gun for the front of the aaitr The CH53E also can be adequately
armed for defensive purposes with at least two-sidanted and one rear-mounted 0.50
caliber machine guns [21], [92]. The capabilittesl basic performance characteristics

of the MV-22, CH53E, and AH-1Z aircraft are shownlmble 11.

Table 11: MEU Aviation Characteristics for SuppdridaDO Platoon [3], [21], [92]

Characteristic MV-22 CH53E AH1-Z
Crew 2 pilots 2 pilots & crew chiefs| 2 pilots
. 24 troops (seated), 32 37 troops (55 with
Capacity troops (floor loaded) | centerline seats) 6,661 1b (3,021 kq)
15,000 Ibs external
Payload 20.000 Ibs internal 32,000 Ib (15,000 kg)| NA
Empty weight 33,140 Ib (15,032 kg) 23,628 Ib (10,740 kg)| 12,300 Ib (5,580 kg)
Loaded weight 47,500 Ib (21,500 kd)33,500 Ib (15,227 kg)| 18064 Ib (8194 kg)
Max takeoff weight | 60,500 Ib (27,400 kg) 42,000 Ib (19,100 kg)| 18,500 Ib (8,390 kg)
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Table 11: MEU Aviation Characteristics Continued
Characteristic MV-22 CH53E AH1-Z

160 knots (184 mph,
275 knots (316 mph, | 170 knots (196 mph, | 296 km/h); Never
509 km/h) 315 km/h) exceed: 222 knots
(255 mph, 411 km/h)

214 knots (246 mph, | 150 knots (173 mph, | 134 knots (150 mph,
396 km/h) at sea level 278 km/h) 248 km/h)
879 nmi (1,011 mi, 540 nmi (1,000 km) 370 nmi (426 mi, 685

Maximum speed

Cruise speed

Range

1,627 km) km)
. : . . 125 nmi (144 mi, 231
Combat radius :Iir7n(; nmi (430 mi, 690 ii(; nmi (300 mi, 400 km) with 2,500 Ib
(1,130 kg) payload
Ferrv range 2,417 nm (2,781 mi, | 990 nmi (1,139 mi, NA
yrang 4,476 km) 1,833 km)
Service ceiling 26,000 ft (7,925 m) | 18,500 ft (5,640 m) | 20,000+ ft (6,200+ m

5.3.3 Step 3: Create the Modeling and Simulation (M&S) Environment

The creation of a M&S environment was accomplishedugh the use of an
ABM software package called MANA. Selection of tto®l for M&S was determined
by conducting an across the board comparison tonaber of available military ABM
applications that the author had available to hif.custom Software Selection Tool
(SST) was developed by the author and was utilinedhis effort. Some of the M&S
tools were discussed in Section 2.14 and the otgukcations considered are discussed
in Appendix A. This tool utilizes similar functisnperformed in a Quality Functional
Deployment (QFD) that is used to align a user'sdsesnd requirements characteristics.
This process ultimately aids in determining drivifagtors that can be used to guide a
decision for the user. Although the author has/ ali$cussed the MANA scenario in
detail thus far, there were several other scenawaslable in Pythagoras and EINSTein
that the author received from either the NPS ortaxia within the military that were

considered as viable for use and application viiaAMLAS method. The result of the
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SST was that MANA was the highest ranked tool wité tesults shown in Figure 38.

Details of how the SST works can be seen in AppeAdiAs can be seen the outcome

Metrics Rel. Importance . .
Data Export 509 700 Relative Importance of Metrics
Data Import 558 600
Scripting Multiple Runs 522 500
Visualization 421 400
Ease of Model Creations 355 300
Learning curve 224 200
Agent Based 192 108
Supply Chain Management 139 R & = 2
Cost 121 & & & ST & A
i ° A5 A i
Ordering 118 @;{b &;{b &P o {\-\@ - \?}{55 o o @:,ﬁ ) \@"a F
Senice 118 7 ) & A & &
Manufacturing 114 5@“\ @o'“ QCF@ _“\,59@
Distribution 114 = & 3
Warehousing/Storage 114
Licensin 84
. Software Assessment
1050
900
: 750
450
300
IMANA 933 N
EINSTein 849 3 =S
Pythagoras 771 Q) @ Q, ?ﬂ% \5&\"? -+
EXTEMND 71 A
Arena 643 &
Any Logic 633
MXTLAQB.ISimunnk 513 50 Capability Assessment
VenSIM 363 ?SUE
600
s 450
IMANA 852 150
EINSTein 810 0
Pythagoras 798 o
EXTEND 778 & .»5\ Q" S
Any Logic 728 \"\?‘ @\ é&q @{5 @\\' v‘\ & ,,;é\
Arena 674 Q % @
MATLAB/Simulink 646 {.\\’
VenSIM 546 =t

Figure 38: Final Results Sheet of SST

had a close ranking for MANA, Pythagoras, EINSTaeind EXTEND. Ultimately, any

of these four ABM&S applications could have beeadu conduct this analysis.

The scenario used by CPT Bain and described iMh&ers Thesis [8] is that of

a USMC distributed operation platoon defending atseof land from enemy

combatants. This platoon is composed of threedsjaad two command elements. The

general idea behind this force composition is teeha military unit that is highly

adaptable and robust to meet the demanding nevatipesl environments that range
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from humanitarian aid missions to full combat opierss. Integral to this platoon’s
support is the ability to quickly request and rgedogistical support from the Marine Air
Ground Task Force (MAGTF) commander and the supppreglements under his
purview. It is assumed a platoon of this naturk ne@ceive its primary logistical support
from a seabased environment.

Although a great start, this model did have itsadracks. A review of the model
found that for the time it was created the modéised to provide the answers CPT Bain
was looking for: to determine the optimum numbedays (based on standard planning
factors) of supply a platoon needed to be ablaitally carry into combat. Ultimately
this answer was three days. But what the autlsmodered as he delved deeper into the
model was an understanding that fidelity neededetancreased and adjustments to the
agent characteristics needed to be made. Doisgnbiuld provide a clearer picture into
not only what made sense for the platoon to caitly ivinto a mission, but also provide
insight into the underlying logistical support atebture required to support the DO
platoon. As the author has pointed out, standdadning factors work well when
aggregates are used because the principles ofethigaCLimit Theorem begin to appear,
but for small forces that will be required to dyneatly change to meet the mission need,
these planning factors perform poorly as was show®ection 5.2.1. These traditional
planning factors have been developed based on lergke combat operations and
distributed over a large number of troops involve@onsequently, they can not and
should not be assumed to be viable for asymmetncallinear, distributed operations the
military expects to be involved in for the futureSeveral volleys of correspondence

between CPT Bain and the author resulted in a mettderstanding of the model's
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foundations, but the author also realized thatrtioelel in its current form would need
some modification. To accomplish this, the auttieo looked at different ways to model
the scenario more realistically in MANA so that loagi real world outcomes would be

the result. This will be covered in the next satti

5.3.3.1IMANA

MANA is capable of conducting singular or multiplans of the same input
conditions for a variety of any of the modifiablariables the author wishes to define.
By performing this task the user will see slighdifferent outcomes since MANA is an
ABM&S application that automatically assigns a ramdvariable seed to slightly perturb
the model each time it is run. This facilitatesagent’s ability to learn, act, and react
based on user specified personality traits. Froesghruns the user can access results of
the simulation via various data output reports.eSenreports are generated at the end of
each run and are in the form of comma separatateides. Alternatively MANA is
capable of running a series of different experiment DOE autonomously via
CONDOR, a program that accesses unused computwerpaf computers on a local
area network. This is made possible through a $specific programs that were
developed at the NPS calledStudyalong with another progran®ld McData that
bridges MANA with CONDOR to run the DOE. The usetbése tools significantly
reduces the run time of the experiments by exegufblANA’'s code without
visualization through the MANA GUI. These two pragrs will be covered after the
MANA section.

The first task facing the author was to modify thedel so that it would more

accurately represent the logistical support stngctar the platoon at an entity (squad or
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command group) level. The layout of the model dat necessarily need to reflect

reality, but the results generated by the modell&voeed to reflect reality. One of the

major changes to Bain's model consisted of modgyihe resupply component of the

model. Run observations of the original model skdwhat upon a resupply request from
one entity, whether it was a rapid request or sgleeldmission, resupply helicopters were
sent out to all five entities (three squads and ¢svmmand units) whether they needed it
or not.

For example, if squad one was experiencing heaymgncontact, thus using
more of its resources than say squad three, whoexpsriencing very little enemy
contact, a resupply request would be sent ovecdhanunication network that squad one
was in need of resupply. This order was then m®@e and then all resupply helicopters
would deploy and resupply the entire platoon backhe initial days of supply they left
with (i.e. if they left with three days of supplyhet resupply mission results in a
replenishment of each entity back to a full thragsdof supplies). Inherently one can see
there is a problem in accounting for actual logatineeds in the form of consumables
and aviation asset usage in this fashion. In ¢fa world, these actions would result in
squad three ending up with a small cache of supplfiesquad one continued to
experience a high level of enemy contact and resulta significant amount of
unnecessary resupply flights to the other squalis.resolve this issue each entity was
provided a singular line of communication to a serthat relayed request signals to a
dedicated resupply agent solely for that entityhisTmodification should provide an
accurate accounting of resupply runs conductechth ef the five singular DO platoon

entities in the model. Another modification maddhe model was that in the real world
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as supplies get low, a request for resupply by gleoon would likely occur via
communication links. In the original model an agemtity only sent a resupply request
when it ran out of supplies, represented by itelf‘tank” going to zero. This resulted in
the agent going into a dormant state, thus allovengmy agents to pass unchallenged
until the agent was resupplied by aerial assetscanttl engage the enemy agents again.
To overcome this drawback the resupply requeste werdified to communicate a need
prior to an agent’s fuel tank reaching zero. Apsshot of the model in its basic starting
condition in MANA with all agents (enemy combatantistee squads, two command
groups, resupply helicopters, sensors, and thikegytbattery) can be seen in Figure 39.

This is best viewed in color.
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Figure 39: Screen shot of DO Platoon Model in MANA
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The variables that drive the primary agent charastics in the model consist of

14 input variables.

guantified and or controlled by the logistician decision maker.

Ten of these variables consfsparameters that can either be

The remaining four

variables are noise variables that are out of obmif the decision maker and must be

estimated based on intelligence means. Theser$aatong with a set of ranges were

utilized to create a DOE to conduct scenario ingasibns for a varying number of

operational conditions. The list of variables,ges, and their definitions are in Table 12.

Table 12: Table of Design Variables for DO Platddodel in MANA

Variable \

Range |

Units

Description

Controllable Factors

. Amount of supplies carried into
X1: DO Squads Days of Supply 1-5 Days initial deployment.
X2: Scheduled Resupply Rate 1-5 Days Number of days betwgen_
scheduled resupply missions
X3: Sense and Respond Lead Amount of time it tgkes for the
Time 0-12 Hours autonomous logistics system to
respond to a request
) . . Consumption rate of the DO
X4: Consumption Rate when in 1-50 # / time unit | squads when in contact with the
Enemy Contact
enemy
) . Consumption rate of the DO
X5: Consumption Rate when 1-50 # / time unit | squads when in direct fire contad
Shot at ;
with the enemy
Time from resupply request to
X6: Rapid Request Setup Time 1-6 Hours | departure of helicopter from
logistic support area
— Time to execute transfer of
X7._T|me to Unload Resupply 1-60 Min supplies and casualties from
Helicopter .
helicopter to the agent
X8: Resupply Speed 50 — 1000 m/s Speed of resungbigopter
X9: Resupply Stealth 0-100 % Concealment frormgne
. . Tine a friendly force sensor will
X10._Fr|endly Inorganic Sensor 1-60 Min maintain history of a report of
Persistence
enemy contact
Uncontrollable (Noise) Factors
X11: Enemy Sensor Range 0 -200d M Enemy sensor range of DO ager
presence
X12: Enemy Squad Size 1-14 # Number of enemy agents in a
squad
) . . Time that an enemy agent will
X13: Contact Persistence Enemy 1-60 Min keep track of a DO agent
X14: Hits to Kill Enemy 1-10 # Hits to kill an enemy agent
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Within the MANA model exists several personalitytsgys for the agents. Some
of the settings remained unchanged, while others wmdified by the author to account
for changes made to the model or reflect the medlifiesupply characteristics of the
model. The intent was to keep the model as origasapossible since it was already
vetted by military advisors and modelers who ai@&T Bain in his work and validated
the model. This approach will help in the accosipinent of Step 4. Unfortunately the
author did need to make some changes to reflecadded investigation into resupply
characteristics of the model. The original modebas found also did not differentiate
between friendly agents that a resupply agent dbyelers) would ultimately resupply.
Thus in the original model a helicopter by happamse would resupply any agent that it
was situationally aware of through its sensor mdp. help eliminate this “accidental”
resupply occurrence, careful selection and placeémieresupply routes were articulated
in the model and the awareness radius for the pbg@gent was reduced to a very small
coverage area.

Because MANA allows for a random seed to be utliZer analysis of the
ABM&S environment, each of the 1000 DOE cases wabe run five times to get a
distribution of the outcome for that particular sétinitial conditions. The DOE was
generated according to the ranges in Table 12 avitlatin Hypercube Sampling (LHS)
function in MatLab. The function used to create EN@E, Ihsdesignis as follows:X =
Ihsdesign(1000,14,'iterations’,10, 'criterion’,'celation’). This function generates a LH
sample or table with numbers between zero andXqregntainingn or 1000rows ofp or
14 variables. The values are randomly distributethwne from each interval (0,1/n),

(1/n,2/n), ..., (1-1/n,1), and are randomly perrdufé7]. By specifying the criterion
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correlation, the LHS design was iteratively generated to redine correlation of the

points and this was attempted at mb@times to arrive at the best design. Of the many

DOE

options available the LHS was selected for bilitg and good results when

performing uncertainty in computer model outputsdahon the uncertainty of the inputs

to the model [84]. For an in depth descriptiormoiv this applied the reader is referred to

[84] by McKay who gives a good overview of the ugethe Latin Hypercube and its

applicability in this fashion. The DOE generatgdtatLab was placed in the statistical
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software JMP to evaluate the coverage of the despgoe input ranges. The scatter plot
matrix of the design points generated is seengnriéi 40.

Further analysis of the designs generated revdafemhspection that 53 of the
designs were infeasible. This was determined Isening scenario inputs that were
unlikely to happen in the real world. An exampfdlos would be a DO platoon leaving
with only one days worth of supplies and not inmgrrescheduling activities until the

third day. Several of these cases were run andutpat generated either zero percent
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Figure 41: Scatterplot Matrix for Filtered LHS Desig947 Cases

163



enemy killed or almost continuous helicopter resymperations as the ground agents
were constantly sending rapid requests to thepe@s/e sensors that resupply of their
resources was required. Upon completion of thisngeprocess, 947 cases remained and
they too were placed in JMP to visualize the desapverage of the design space. This
can be seen in Figure 41.

As can be seen, the comparison between FigurediGigare 41 shows very little
impact to the coverage of the input variable desigace. With the DOE generated the
next step is to set up the MANA model to execute@@E. This is accomplished by
interfacing MANA with two programsXStudyandOIld McDatg generated by the NPS
for design space exploration or data farming ag théer to it via MANA and its output

reports. These two applications will be discudseefly next.

5.3.3.2XStudy

This application is a GUI based program createctifipally for generating a
study file in the XML format. This file specifietBow a user wants to conduct an
automated multi-simulation experiment in MANA. Thgh theXStudyGUI the user can
specify variables to be varied associated with iquéar scenario file generated in an
XML format, as MANA'’s is. ThrougtXStudy the user has the option of specifying how
the prescribed parameters will be varied, eithea liyll factorial DOE created byStudy
or the user can use a custom experimental desigeifiga by a .CSV file. The LHS
DOE described earlier was placed in Microsoft Exarell manipulated to associate the
LHS DOE generated in MatLab to that of the 14 vdesln Table 12. The author was
then able to specify théPathsor directional path for these variables, essdgtddfining

the parameters to be perturbed in MANA as each D&#e is executed when interfacing
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with the MANA software application. Once all tiéathsare specified, the user clicks
the “Generate Scenario” button aK&tudygenerates atudy.xmlfile. This file is then
used byOld McDatato execute the runs autonomously. A partial senoplthe authors
XStudyfiles can be seen in Appendix B 2. With tk8tudyfile generated, the author

could now us®©ld McDatato execute the DOE in MANA.

5.3.3.30Ild McData

Old McData(OMD) gets its name because NPS used this progratata farm or
explore the results of various ABM&S applicatiopgmarily MANA and Pythagoras. It
is designed to allow the user to farm for spedfata from large experiments to multiple
replications of a single design run on one comput®@MD performs this operation by
interfacing withCONDOR discussed earlier, to execute multiple runs migted by the
DOE. OMD allows for four types of data gatherirftgy are [137]:

1. Gridded Data
2. Cartesian Product Generation
3. Specifying Runs Desired via a .CSV file

4. Evolutionary Programming Algorithms (i.e. Genetidgérithms & Simulated
Annealing)

For the purposes of this research, the third optvas used. OMD once installed and
coded to execute the created study file and MANA il a relatively easy task of just
typing in command executables. Although this seusichple, much work was needed to
debug and get the code up to this step. The autbold be remiss if he did not include
and thank Mr. Steven Upton, the creatorQifl McData and XStudy who was a great

help in correcting and guiding the author in fixiegors in several files, answering
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guestions, and spending his own time examiningblemsome code in both of these
programs.

Upon completion of the debugging process, the autiecuted several runs in
OMD to get an idea of report outputs and how to lkisize the varying categories of
data in several standardized reports availableuggubfrom MANA. The result of this

exploration will be covered in Step 5.

5.3.4 Step 4: Verify, Validate, Accreditation the M&S Environment

In this context the MANA model has already been datkd and accredited
because the scenario’s foundations and creatioe baen assessed, tested, and been
accepted by the military community as a valid modglthe notional environment.
Verification needs to be performed to assess tlgds made to the original model.
MANA has several physical aspects, like terrain tlhah be modeled within its
framework and can be seen in Table 13. Each tetygue has its own unique set of
parameter values for Going, Cover, and Conceali@2ht

- Going defines how the terrain affects an agent&sedpand values range from 0.0 to
1.0. A value of 1.0 means the agent can move aially defined speed. A value
of 0.5 would have the agent moving at half speatianalue of 0.0 would prevent
the agent from moving at all.

- Cover defines the degree to which agents can bebghdirect fire weapons in the
terrain. A value of 0.0 means the agent has noraskiatsoever and can be shot as if
they were in open terrain. A value 1.0 means thaiteprovides full protection from
weapons fire.

- Concealment defines the degree to which an agenbeaeen in the terrain. A value
of 0.0 means the agent is fully visible while auelof 1.0 means the agent is
completely concealed.
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Table 13: MANA Physical Terrain Parameters [82]

Terrain Feature

Description

Billiard Table Colored black, plain terrain that has no special propertie
Terrain that represents a road or other region that is particularlgtiarto
move along. Yellow coloring represents these areas. Entities can have
Easy Going personality weightings set towards Easy Going terrain. Thus, a “convoy” can
be made to stay close to a road if the surrounding terrain would affect ifs
movement speed.
Obstacle terrain that is represented by light grey coloring. No entity ma
occupy an obstacle cell. Entities can see through wall cells only if ‘Line|of
Wall Co " S
Sight’ is turned off, and entities can fire kinetic energy weapons through
wall cells only if the weapons are explicitly set to allow this.
Light Bush terrain is represented by green coloring. Differing density provides
Bush/Dense different movement speed, cover from weapons fire and concealment
Bush multipliers.
Hilltop Hilltop terrain is represented by dark grey coloring. A high level of

concealment makes this terrain ideal for launching indirect weapons.

The agents themselves have a wide range of tangible aastacs that can be

modeled such as the agents speed or mobility, color that canetietausepresent agent

allegiance (friendly, enemy or neutral) or state the agant the number of shots to kill an

agent or armor thickness for vehicles. Other personalityngsttiefined by the user also add

realistic characteristics to the agents modeled. For gheamdistance penalty function is

used by the agent to determine which direction to move to for thetinexistep based on

obstacles, enemy awareness, etc. Further definitions of thealdgailangible agent

characteristics can be seen in [82] Section 3.10 for the internesiddr. Tangible agent

characteristicsaredefined as things that can be physically modeledraing to doctrine

or how a soldier would react when posed with infation about their environment.

What is difficult to model are the intangible asigecof the combat environment.

In the model these aspects are how would agentd, rederact, or perform certain

functions based on learning as well as other fonstithat humans in the real world

execute on a situationally dependant basis. WRMWNA there are several agents that

167



have to be modeled for the DO scenario and thaygaldth their description are listed in

Table 14.

Table 14: Agent Modeled in MANA DO Platoon Scenario

Agent (Qty)

Description

DO Squad (3)

These are the three squads that will perform thie diuthe
mission and come into contact with enemy combatants

Command A (1)

This the command element lead by the Platoon Leafdée
DO Platoon. This agent communicates with the ef
platoon and is directly responsible fof & the DO platoon.

Command B (1)

This the command element lead by the Platoon Setrgeds
the DO Platoon. This agent also communicates with
three squads and the Command A element and istlglir
responsible for command and control of the DO platm
the event the Command A element is rendered irneféec

Logistics Sensor (5)

This sensor is in direct communication with one toé
squads or command elements and represents thephgs
coordinator who directs the combat service supgp@a.

ntir

A
I
ec

sup

Resupply Helicopter (5)

This agent represents the aerial resupply asseingrifrom
a location that is 50 nm away.

Artillery Fire Support (6)

This agent communicates with all squads and comn
elements to coordinate indirect fires on enemy catands.

hand

Enemy Combatant (40)

These agents represent the enemy agents that thesH0s
will attempt to eliminate. They can range from4lif size
resulting in at least 40 or up to 560 combatantghpe DOE.

Within the model certain personality traits andyger states were adjusted to fit the

incorporation of the modified resupply agents, ioutmost cases the agent triggers that

dictated agent state changes, like going from eopatatus to combat status were left
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alone or modified to act more stringently. Whemare stringent change was imposed,
the author felt the model portrayed more of an rojstic view of agent traits and
capabilities.

Once the model was finalized several test cases performed and the output
results were analyzed to see if the modified madsd performing as intended. This
observational analysis of the model outputs coreplehis step by verifying that the
model works as intended. To quantify this the autompared the only MOBercent
Enemy Killed originally looked at by Bain, to the authors désand found no significant
order of magnitude difference in the outcome fas MOE. This task was accomplished
by reviewing data results received from the NPSdiois conducted by CPT Bain as well
as looking at Bain's thesis work. The author watsable to verify the additional MOE,
Number of Resupply Helicoptedded to the model because the report useddolatd
this output was not part of the data package Baeduor his work. Even if it had been
included the results would not have been usefuhasmodel needed t be modified to

more accurately represent realistic resupply aabased on individual entity requests.

5.3.5 Step 5: Create / Update a Case Based Database

Creation of the database from the MANA runs that idoe used to conduct
CBR methods involved understanding the outputsired reports that MANA is capable
of producing. Unfortunately in MANA these reporte sstandardized and cannot be
easily modified to narrow or scope the informationtput. This fact reinforced a
statement CPT Bain made to the author through ecoaiespondence of how MANA
was a round peg in a square hole for his thesibileAMMANA served a means to an end

for his work, it was difficult for CPT Bain to mgnilate MANA outputs to get particular
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data he would have ideally liked to get from MANAgerform his analysis. The MOE
of Percent Enemy Killedlthough not a measure of logistics is directlgrelated to how
muchstuffthe squad would need to accomplish its missiorhigh rate of success in this
MOE should be directly correlated to having sufintieesources to do the mission and
represent a run in which supply support was adegugherefore, this MOE was retained
by the author as a useful output for the analysis.

Test runs that generated all of the reports aVailedsulted in the author selecting
two specific reports. The first was tAgent State DatéASD) which is taken at the end
of the simulation and th@osition Data(PD) report that records the y coordinate
position for each agent at every time incremernthefsimulation. The ASD file contains
the agent id, agent name, the squad and sub-squad of the agent, thexagega’sition and
status (active, injured or dead) at the endxtheposition of the agent’s goal, the number of
hits the agent received, name of current state, step at Wieicutrent state was entered, and
finally the agents current “fuel” available. For Bain's wohis ffile provided the necessary
total information of enemy casualties and those still alive, thaspercentage of enemy
killed could be determined.

To determine the logistical need for the DO platoon anotheorreneeded to be
utilized. This is where the PD file was utilized. The #H® displays the model time step,
agent identification number, agent status (recorded as 2 foe agtormal state), 1 for
injured, and 0 for dead.), and the ageqty] position. The last data point, the agenty]
position, is what the author decided to utilize to determineotfistics delivery schedule and
frequency for the DO platoon agents. By utilizing the author’'s déffrey) coordinate
position specified in the model for the landing point for the resupplgdpir an accounting

of frequency and when the helicopters arrived could be determinece t8e helicopter was
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set up to only be at the landing point for one time step and eaclstemevas recorded, the
PD file theoretically via a filtering algorithm could be usedjo through the file and extract
the relevant data of time on the landing point for the resupplytagehis would allow the
author to determine the time at which the resupply helicoptahesl its landing point, for
what squad, and over the course of the entire scenario the totaémahflights conducted,
either cumulatively or for each friendly element.

Initial exploration of the runs performed and tksulting two reports by the DOE
found a large range of file size for the reportsassary to calculate the MOE’s. The
files ranged as small as a few kilobytes to aselag 222 MB. Immediately memory
allocation was identified as an issue and the rieedlitering codes to not only get the
data, but also to reduce the amount of superfludosmation was realized. To solve the
data issue 200 GB of temporary additional storageacity was obtained on a server and
a 100 GB external hard drive was acquired. For daga extraction several post
processing filtering algorithms were written in Mab and were utilized to significantly
reduce the size of most reports to less than 3fbyiés. The post processing code
created can be seen in Appendix C 1.

In the end, the execution of the 947 case DOE,dgdc5 times equated to 4735
cases and required just under the 300 GB of computes space for the two type reports
selected. This was a limiting factor in executingre replications of the DOE cases for
the purpose of determining output distributionstioe data. The experiment itself took
approximately two weeks of 24 hours a day runnirg @ONDOR at the Aerospace
Systems Design Lab (ASDL). At any one point deliés a few computers to as much as
95 were being utilized to execute the MANA runs ageherate the output reports.

Considering that CPT Bain only had 12 computerkisitdisposal and it took about a
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month to run his experiments, this was relativalgtf Again the limiting factor for the
author in conducting more experiments in MANA was trard drive space needed to
store the initial output reports from MANA.

Ultimately MatLab was used to consolidate and extadicof the data from the
MANA reports to create a database in Excel congstihthe input variables from the
DOE and the MOE’s oPercent Enemy KilledndNumber of Resupply Fligltbnducted.
The use of readily accessible software applicatibnghe CBR database like Excel is
important for several reasons. It is accessiblmitdary personnel at all levels (as long
as they have a computer), it easily accessed fdatep to the database as additional data
is collected, and the data is easily transferraldesample of the database is shown in

Table 15.
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Table 15: Sample of DO Platoon Operational Database

A B C D E F G H | J K L W N 0 P Q
1 X1 X2 13 X4 X5 X6 X7 X8 X3 X10 m x12 X13 x4 Mean | Std Dev | Helo Flts (3 Sqds)
2| 414 140 | 4885 18 4 1815 b.5 977 67 17 480 7 125 1 7307 | 49 15
3| 043 24 2514 32 39 1325 415 343 82 575 1980 B 235 3 20.56 5.03 17
41 078 2592 627 20 23 118.5 29 592 2 26 1500 11 435 2 1.9 1.38 15
5| 386 3.76 166 38 k| 2895 52 192 26 25 530 13 25 7 2454 4.5 45
6| 226 4.70 B2.5 i 12 195 4.5 56 78 10 510 2 26 5 92.75 2.85 7
7| 416 0.63 | 2385 38 15 3258 36 385 4 52 1890 13 245 7 15.73 235 70
8| 190 1.61 5555 13 47 1305 255 483 82 M4 570 1 235 4 555 5.9 20
9] 27 274 451 11 20 130 205 976 b 39 2010 5 28 2 28.7 375 10
10| 462 481 176 2 20 3545 56.5 532 13 1.5 1740 4 395 3 64.5 57 11
11 1.05 iy 493 2 22 122 4 609 B irh 170 3 26 10 55 1.39 14
12| 3.58 1.22 535.5 k&l 15 B0 19.5 360 79 46.5 1560 5 29 B 179 233 46
13| 353 3.15 402 34 43 350 324 i 14 28 630 4 arh 3 13.88 343 9
4] 0.75 332 115 25 26 249 57 130 40 B.5 510 2 43 9 3725 1.35 26
15 2.60 0.19 164.5 7 27 1535 55 260 4 5 150 2 27 7 h8.5 9.5 111
16 0.13 0.4 146.5 35 3 154 12.5 737 25 7 1260 7 46 9 1.93 0.78 67
17] 3.16 245 537 14 17 175 B 474 32 21 1350 B 32 1 71.69 27 20
18| 3.52 i G645 19 15 119.5 15.5 B68 97 505 630 b 60 2 2075 4.55 8
19] 0.60 0N 316.5 43 42 3595 475 9845 17 55 810 9 335 5 A7 0.93 164
20 4.3% 3.28 632 0 15 3225 42.5 877 75 46 1200 5 ) 9 18.5 544 b
L] [ ] ] L] [ ] L ] ] ] ] L ] ] ] ] ] L] ]
L] [ ] ] L] [ ] L ] ] ] ] L ] ] ] ] ] L] ]
L] [ ] ] L] [ ] L ] ] ] ] L ] ] ] ] ] L] ]
9401 337 213 167.5 46 16 182.5 M 61 74 174 810 1 535 3 96 137 15
941 390 443 583 3 1 56.5 25 793 53 39 420 10 6.5 5 4.35 1.01 b
942 114 1.26 616.5 12 11 187 47 522 b6 47 240 12 36.5 4 12.92 1.62 25
943 314 1.95 112 45 32 50 55 497 14 40 480 B 2 2 57.68 3 43
944 293 1.76 687 26 19 112.5 3 85 13 43 630 12 13 E 13.04 25 B
945 4.82 230 102.5 25 46 2455 295 740 94 9.5 1260 2 45 9 9.75 2.85 8
946 3.08 21 16 25 18 4.5 35 78 99 575 1200 B 575 9 4419 1.54 51
947 242 427 | 2154 M4 20 3375 2 714 13 4 630 b 33 2 23.58 6.18 B
948 2.61 4.45 201 25 7 332 15 449 2 145 180 b 47 2 56.08 24 28

173




5.3.6 Step 6: Identify and Incorporate Uncertainty in Information

Uncertainty is abound when it comes to military rapiens, the phrase “fog of
war” was coined my Prussian military analyst arditean General Carl Von Clausewitz
who wrote [23]:

"The great uncertainty of all data in war is a pecuifficulty, because all

action must, to a certain extent, be planned inesentwilight, which in

addition not infrequently — like the effect of agfor moonshine — gives

to things exaggerated dimensions and unnaturakappee."

Military logisticians and tacticians rely on manynips when trying to assess a situation
and determine the best COA to promote mission ssccdhese consist of, but are not
limited to human and electronic intelligence, secmnomic conditions, and often times
their own personal intuition. Unfortunately all tifese sources contain some level of
uncertainty and can be difficult to access in atinfashion. Capturing this uncertainty
can be difficult because quantifying it is not ata& science, there is uncertainty in the
uncertainty, and often times knowledge or the lexfeknowledge known is described
linguistically. To account for this aspect of tthecisions support system, the author has
employed the principles of fuzzy logic and fuzzymiership functions. This subject
was discussed in Section 2.10 with additional imfation in Appendix D.3.

Application of fuzzy logic has increased in a widariety of areas where
modeling of human thought processes and the uksegoistics is prevalent. So much so,
that there are a variety of programs which havermarated fuzzy applications as a part

of their capabilities. One such program is MatLdtbcontains guzzy logic toolboxhat

allows the user to create fuzzy inference systdfifs) (under either the Mamdani model
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or the Takagi-Sugeno-Kang (TSK) model. The prim@apabilities available to the user
with this toolbox are [37]:

- Specialized GUIs for building fuzzy inference sysgeand viewing and analyzing
results
- Membership functions for creating fuzzy inferencstegms
- Support for AND, OR, and NOT logic in user-defirmetkes
- Automated membership function shaping through naadaptive and fuzzy
clustering learning techniques
The Mamdani model applies linguistic fuzzy modelifagy problems that focus on

interpretability, while the TSK model applies pieeifuzzy modeling for problems that
are focused on accuracy. One of the main differertetween these two models is that
Mamdani model results in output membership functitre are fuzzy sets that will
require defuzzification and the TSK model's outpaémbership functions are either
linear or constant. For these reasons and thecemaent that characterizes the current
and future military environment, the Mamdani styl&’E were used in this step. For
clarification, fuzzification is the process of caming a numerical value into a value
based on a specified membership function and diitetion is the process of
converting a linguistic output variable into a nuioal one that can be used for
calculations or as a final result (refer to Set2ol10).

In this research the author provided a locatiotihéuser’'s GUI, described in Step
8, in which a level of confidence (0 — 100 %) ie thata could be assigned for each of the
14 input variables. The first step in the processitilizing this input is to fuzzify the
input variable confidence assessment. This acdshga by defining input membership
functions and rules with logical operators. Therasnput are evaluated against all the

rules generated and the outputs are aggregatedr undeeries of truncated output
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functions. The final step is to defuzzify the aggated output function. Within MatLab
there are five built-in methods supported for aggtn techniques; they are: centroid,
bisector, middle of maximum (the average of the imaxn value of the output set),
largest of maximum, and smallest of maximum. Tinb@r used the centroid calculation,
which returns the center of area under the cuAme.example of this process in MatLab

for the variableX1 (Initial Days of Supply) is described below.

5.3.6.1Creation of FIS for X1 (Initial Days of Supply)

The incorporation of the fuzzy logic toolbox in Mab has enabled the creation
of FIS with a lot more ease and flexibility than tne past. The task of creating
membership functions, rules, and specificationso accomplished through a series of
GUI's. The following example outlines the procéiss author followed for the creation
of a FIS for the variable X1. Typing the commaiudzyin the MatLab command
window starts the process and what appears isIheditor as shown in Figure 42. This
allows the user to specify the variable input andpot names, what type of FIS
(Mamdani or TSK), as well as a variety of methods dalculating the FIS output.
Double clicking on the input (left or yellow boxbeled X1) or output (right or blue box
labeled Weight-X1) icons brings up the membershipction editor. This GUI allows
the user to specify the type of membership functimoharacterize the input and output
variables. The available options consist of 1lesypf shape functions, i.e. triangular,
trapezoidal, Gaussian, etc. For X1, the variabléehe amount of supplies that the DO
Platoon will have on hand for their initial deplognt. This knowledge should be
relatively known and with some certainty so thehautselected a normal / Gaussian

membership function to represent the users inphbw confident they are in the current
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A FIS Editor: X1 !EH

File Edit ‘iew

1

[mamdanil)

=1 Weighit-H1
FI= Rlame: | FI= Type: mamdani
And method |min - Current wariakble
2 method | TR - Mame W
T inpt
Implication [min = BES nt
Range [C -1 100]
Agogregation | max -
Defuzzification | lorn - Help Close

System "X 1 input, 1 output, and S rules:

Figure 42: FIS editor for X1
scenario information. The confidence scale is fl@100 % for all of the variables of
interest. X1 is broken down into five levels afduistic classification ofow, Med-Low,

Medium, Med-HighandHigh. This can be seen in Figure 43.

4 Membership Function Editor: X1

File  Edit  Wiews

FIS “ariables Membership function plots POt points: 151
Lo bA=cl-Lonse hA=cdium bA=ci-Hi High
rord [ |
XX
A Wit -1
o5 -
u] 1 1 1 1 1 1 1 1 1
(n] 10 20 30 40 S0 (=1n] o S0 a0 100
imput wariable "HA"
Current Wariable Current Membership Function (click on MF to ==lect)
Mame e Mame |
Type inpLt Type |
Params=s |
FRange | [0 100]
Dizplay Ranoges |[D 100] Helg | Close | |
Feady |

Figure 43: Membership Function Editor for X1 Input
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While the user will input the percentage they baiegepresents their confidence on a
scale for 0-100 %, the FIS willizzifythe input according to the five memberships along
the five linguistic classifications with a degrefeneembership to the distribution selected
to get an output. This will be aided by the outpigmbership functions also defined by
the designer. This can be seen in Figure 44.

-} Membership Function Editor: X1 Hi=] 3

Fil= Edit Wiew

FIS “ariables Membership function p|l:|t3 plot points:

BI‘I“ ; eryan I Mndera‘te ngh ' ‘-.-"eryth

H Wit

u] D 1
Dutpu‘t varlable Waght o
Current “ariable Current Membership Function (click on MF to select)
Flame Wimight-1 e |
Type output Type | J
Params |
Range |[E| 1]
[BlsEERf [REmES [ro1] Help | Cloze |
Selected variable "eight-H01"

Figure 44: Membership Function Editor for X1 Input
As can be seen the output membership functionsegresented by trapezoidal shapes.
The author felt this output format best represdahts range scale of the linguistic
classifiers the class of military logisticians wobwgree with. For example a confidence
description ofVery Highlikely means that a person is at least 90 % centidind may go
as low as around 80 % confidence, depending onisvanswering.
This is important because ultimately to determine guantitative output that

most likely resembles the military decision makesught process, rules must be applied
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to the input that attempt to reflect this thoughtis is accomplished by defining a rule
set that is in the form of - thenstatements that utilize primarily the logical cgters of
and, or,andnot Creation of these rules is possible when the deknes a consequent

and antecedent via the rule editor GUI shown inufagis.

-} Rule Editor: X1 HE=E
File Edit Wiew Options

1. 1f (31 is Low) then OWveight-31 is WervLowe) (1) -

2.0 (21 iz Low) then O@veight-201 is Lowe) (1)

3.0 (1 iE Medium) then OWeight-21 is Moderatel (12

4. If (X1 is High) then OWeight-201 i High (1)

S.1F 31 is High) then Oveight-x1 is weryHigh) 1)

B. If (31 iz Med-Hi) then 0Weight-201 is Highd (12

T CH s Med-Low) then Oeveight-301 is Loww) (10

S. I (X1 is Med-Low) then QWWeight-x01 is Moderaste) (1)

|
It Then
1l i= Weight-H1 is

Low P

hlediuim

Hicgh

teEcd-Lamws

hlecl-Hi

nones -

[ not

— Connection Wit

i+ ar
O and 1 Delete rule Ao rule | Change rule |

| FIS Mame: 31 | | Helio | e ||

Figure 45: Rule Editor for X1
Here, eight rules are defined that represent ta wieanbership one of the five linguistic
classifications might mean in terms of a persorssiietion of how confident they are in
the variable X1's quantitative value. These rdes then utilized to determine the FIS
output which should theoretically represent whamnesant by a user when they describe
linguistically that their confidence in the variablalue id.ow, Med-Low, Medium, Med-
High, or High. To recap, the logistician would express somelle¥ confidence iK1
This value would béuzzifiedvia the membership function defined in Figure #&, rules
specified by the rule editor shown in Figure 45 idobe applied, and the output

membership functions in Figure 44 would be useakstign a representative output.

179



A results roadmap of the whole FIS process canib@ed through the Rule
Viewer GUI and is displayed in Figure 46. This Gillows the user to visually see the
impact of the membership functions, rules, andetguing outcome. While this aids the

designer in the FIS generation process this ish@bnly way the created FIS can be

=) Rule Viewer: X1 !EE
File Edit ¥iew Options
1 = &0 Vieight-H1 = 062
1 [~ | L~ |
2 [ | L/ |
s | [ . |
+ ] | / |
s | | | <]
A I | L/ |
I | | |
0 100 !
0 1
Pt [oo Plot poirts: g [ [Move: et | rignt | down| up |
Cpened system X1, & rules | Helia | Clo=e | |

Figure 46: Rule Viewer for X1

used. Saving the FIS asfes file allows the creator to execute the FIS bytfdsfining
the FIS, i.e.X1 = readfis('’X1') and then evaluating the FIS with the command
evalfis(C1,X1)where C1 is the confidence entered by the useiXfoand X1 calls
X1.fis Execution of the FIS based on a user input d¥ofdr their confidence, results in
a value of 0.62. This result is shown in Figurea#@ is the overall confidence value that
should be applied to the variable X1. Since tree 14 variables, the sum of these
weights must be calculated and 0.62 will be norpedifor later application with a
variant of the OEC formula for the case compariagond selection process by the user in

Step 9.
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The OEC formula was discussed in Section 2.4.3thaedequation is repeated

Ole Alt.x ObJZ Alt.x ObJN Alt.x
here for referenceOEC,,, = by *————+ b, x————+.. by *————. As
Jl,BaseIine O JZ,BaseIine ObJN,BaseIine

was discussed, OEC is used when a desire existsrtioize or maximize a specific
variable that represents the overall goodness adsign. If one were trying to reduce
emissions in an aircraft one might look at incregsfficiencies in an aircraft’'s engine

with technology and then determining that ratio tiplied by some weightp, . If one

was trying to maximize the number of enemy killedt the DO platoon scenario, a
comparison between the weapons a soldier has t@aayhow the effects of a weapon
with increased range would affect the outcome k& ®EC formula. Alternatively, the
OEC can be used as a way to assess the closenemsables to one another that result
from the calculation of th&NN cases to the user’s query. Within the OEC are higig
that need to be defined. These weights will batek by the FIS to place emphasis on
strengths in knowledge the logistician feels thayeh Comparing the ratio of the input
variables from the query by the user to that of¢dhse retrieved from the database and
multiplied by these weights will result in a fitrsesneasure for each of these cases.
Ideally, one would prefer a query case to exactiyam up to a case in the database, this
would result in a ratio of one, but this is a highhlikely outcome.

In this work the Euclidean distance is used to ctethe cases, but there is
contention by some researchers that this techrdqgaes not necessarily select the “best”
cases from the database. The reason for thisatstkie strict minimum difference
between the query vector and case vector are osealdulate this metric. Theoretically

one could have significantly different cases presgnhat bared almost no resemblance
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to the query along several factors, but was stilected. To overcome this potential
outcome the variant of the OEC just described bellapplied to the selected cases in this
step of the ATLAS method to compare these casea different scale and determine
some level of fitness. Ultimately, the OEC valdeooe would represent a case that
matches the query results exactly and incorpothtegonfidence expressed by the user.
By nature of OEC equation, any ratio between theerator and denominator will be
multiplied by a set of weights that are normalizsedthat the ideal result would be one.
This approach aims to not only incorporate the ickemnice the user has in the information
being entered into the decision support tool, balgo to provide the user with another
venue to assess case applicability and providéduinsight on factors that potentially

effect the logistical need determination and subsetjarchitecture selection process.

5.3.7 Step 7: Create a Surrogate Model

While utilizing MANA to run simulation cases is béiogl, it is time consuming.

Quick design exploration of the operational spaxeefined by the variable ranges can
be accomplished through the use of surrogate modelsis topic was discussed in
Section 2.8 and 2.11. While there are other option creating mathematical models of
input output data, neural networks will be emplojadthis step. The characterization of
the design space of military operations logistiasder the varying needs from
humanitarian aid to conventional combat can berdest as:

Vague — Varying operational characteristics basedtht® situation at hand. For

example two different areas of the world are indheEhumanitarian aid. Variables

that must be considered are level of destructiristiag infrastructure, socioeconomic

conditions, ability for indigenous people to assisthe recovery efforts, etc.
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Highly Nonlinear — Very difficult to see any appaterelationship between input
variables and outputs. Actions and events can kaxe disproportionate effects on
the outcome.
Uncertain — While a broad goal is usually appardmre exists a lot of options and
ways to go about accomplishing a mission.
Complex — There exist many moving factors and @dbat are part of the design
space or environment being examined. Modeling tlkasebe challenging, let alone
seeing the impact or influence each variable mighte, especially because of the
nonlinear nature.
Fuzzy Systems and Artificial Neural Networks haeetv incorporated with great success
where human in the loop effects are a part of therenment. Fortunately generating
ANN also has been incorporated into a variety ditwere applications to include
MatLab and JMP from SAS.

The author chose to explore NN generation of gate@models in two ways. The
first was a custom tool called Basic Regressionlysis for Integrated Neural Networks
(BRAINN) created by Carl Johnson, a fellow gradustedent at The Georgia Institute of
Technology. This tool allows a user to easily impaput and output data into a GUI for
creation of neural net formulas. The formulas @@dor each response are mathematical
in nature and meant to emulate the M&S environm@&yt.taking the database created in
Excel from the DOE and the output variablesavkerage Percent Enemy Killeghd
average Helicopter Resupply Flightser the 5 iterations of each DOE run, the author
was able to execute BRAINN with a variety optioasriclude 13 training algorithms and

several training options. BRAINN allows the formasigenerated to be saved in a variety
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of usable formats for post processing in softwake UMP, Excel, or MatLab; the

averaged Standard Deviatioinom the Percent Enemy KilledMOE was also included

since it was determined there was no added expertgee to the calculation process for
this additional formula.

As was discussed earlier and in Appendix D, nenealvork creation are often a
balance between art and science. Different trgimigorithms result in a wide range of
results, as well as the number of hidden nodes @ahi&iN incorporates to arrive at a
suitable surrogate. BRAINN allows the user to explthese options and saves the best
results based on sum square error between thentgand the test/validation data. While
the use of NN can be categorized as a “black boatess, it has been accepted in the
research community as an acceptable downfall becassral networks do very well in
representing the highly nonlinear and complex dessgaces being investigated in
today’s research community.

The author executed BRAINN with two training algbms, the Levenberg-
Marquart with Bayesian Regulation and the Gradiesgd@nt with Momentum Adaptive
Learning Rate. These two algorithms resulted enkibst two fits, i.e. highest’Rvhen
analyzing the NN outputs from BRAINN. For the Nieation process, 10% of the data
was excluded to be used for validation purposetherresulting NN surrogate. This is
represented by the blue dots in Figure 47, Fig@eahd Figure 49. The Levenburg
Marquart algorithm performed slightly better thar tGradient Descent algorithm for
both theaverage Percent Enemy Killeshdaverage Helicopter Resupply Missionkile

the Gradient Descent performed better for #éiverage Standard Deviatioassociated
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% Enemy Killed

with the meanPercent Enemy Killed The output results from BRAINN fdPercent

Enemy Killedare displayed in Figure 47. Thé ®alue or the proportion of the variability
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Figure 47: BRAINN NN Output Results fé6 Enemy Killed

in the data set that is accounted for by a stadistnodel for this response is 90.8 %.

Generally one would like to see a surrogate model&ue that is in the high 90

percentile if not greater than 99 %. This wouldamé¢hat the formula generated by the

NN extrapolation models the environment with a hilgigree of accuracy. Unfortunately

this environment as previously described is higldplinear and encompasses variability

due to human interactions and intangibles thatatemely difficult to capture from the
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Helicopter Resupply Flights Required

MANA ABM. The author chose to accept this fact bemaalthough a very accurate
model of the DO platoon’s operational environmerdguld be nice, no real world
environment that involves the intangibles of hurearotions, ingenuity, resolve etc. will
ever be likely or usable because of these chaistitsr Therefore an%of 90 % for the

surrogate should be an acceptable value for despate exploration by military
logisticians or DM’s. Figure 48 shows the resutis the NN surrogate applied to the
MOE of Helicopter Resupply Missiomequired. The Rvalue for this surrogate model is
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Figure 48: BRAINN NN Output Results for Helicopteights Required
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0.8695, not even in the ninety percentile rangée,dgain based on the characteristic of
the ABM agents and opportunity for a variety of eiffnt outcomes based on the five
iterations, the author felt this value was accdptétr what was trying to be modeled.
The output for the standard deviation was extrenteg for the NN surrogate and
although not usable to represent the informatiba,ibformation was not a direct result
of the model and was again included because theotascluding it was not detrimental

to running BRAINN to see the result. The resultgput can be seen in Figure 49.

Figure 49: BRAINN NN Output Results for Standardviaéion of % Enemy Killed
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The author also explored analyzing the data toteraasurrogate the statistical
software package JMP, which also has neural netbddjgs. The results were
surprisingly better than those produced by BRAINExecuting JMP’s NN modeling
function under thé\nalyzetab enables the user to specify the number ofemdubdes to
explore singularly or the user can use the droprdbex from the red NN menu arrow
and selecBSequence of FitsThis has JMP conduct a series of NN extrapolatimsed
on user defined criteria. The author performed thisimilar fashion to that which was
performed in BRAINN. Hidden nodes were exploredstarting at five and incremented
by one, going up to 15 nodes. The best result tiwaese hidden nodes with a penalty
function imposed of 0.001 and an overdldgual to 91.846 % across the two MOEs; the
first MOE had an Rof 92.65% and the second MOE had &@noR91.04 %.  This
reinforces the comment that neural network ger@ratften times is more of an art than
a science. A look at the underlying equations gerd by JMP and BRAINN, which is
MatLab based, showed an extremely more complex equgenerated by JMP and is
likely the cause for the bettef Ralue for the model fit. Neural networks oftervéaa
problem of over fitting the data used to create sheogate, such that the surrogate is
only capable of accurately being used on those gaitats. To check the fit of the JMP
NN surrogate, 10 % of the data was also excludedinaBRAINN, for validation
purposes. The results of the JMP analysis forotitputs Percent Enemy Killeénd
Helicopter Resupply Missiorae show in Figure 50. The black dots are tha gatnts
used to create the surrogate and the red asteaisksthe validation points. An
examination of the resulting plots shows a reldyigood fit for the data extracted from

the MANA database and the user is confident thastinegate should be useful for
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Figure 50: JMP NN Results for % Enemy Killed and ifgsy Helicopter Flights
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application to the ATLAS method in Steps 8 andThe author chose to utilize the NN
formulas generated by JMP for the surrogate MANA ehdakecause of their slightly
better fits as shown in Figure 50. A representatd the neural net equation with its

three hidden nodes from JMP is displayed in Fidure

Figure 51: DO Platoon Neural Net Representatiomf{dd/P

5.3.8 Step 8: Visualize and Explore the Design Space

The author selected two classes of users that doeiekfit from the ATLAS
method and the visualization techniques selectedreforesent the design space
representative of the DO platoon being modeledeyTdre the logistician in the field who

needs a quick viable answer so that he or she wiahklyg decide the logistics architecture
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best suited for the operational environment. Ttieouser is the high level logistician
who might want to see down to the details in teohow level operational needs, but
also needs be able to aggregate up for a holigtiw to determination overall logistics
architecture requirements. To accommodate theselwgses, the author pursued design
space exploration via JMP for the high level ldgiah and then created a MatLab GUI
for the operational logistician that interfaceshwihe Excel database to quickly draw on

information and display useful data to the logiaticor DM.

5.3.8.1.JMP

The statistical software package known as JMP allawlesigner to explore data
for the design space in a variety of ways. Amdmnt is the capability to visualize the
impact of the input variables on the outputs opoeses via tools such as the prediction
profiler, contour profiler, surface profiler, Payatlots, etc. Each one of these visual aids
in their own way presents the designer with a giglorientation of the input factors in
relation to the responses, in this case the two MOBEsing these tools allows the
designer to see the sensitivities that the inpetbfa, whether large or small, have on the
responses.

The prediction profiler provides an overall visaalion of the space depicted by
the NN equations and is shown in Figure 52. \hih tool the designer can start to see
trends and impacts certain input factors have enréisponse. Often times the profiler
provides intuitive interaction behaviors betweea thputs and outputs, but it can also
show behaviors not expected or can display the lowupf input factor effects not seen
by general observation. The user can adjust thetsnand see the impacts to the other

input factors as well as the responses in a dynésldon. This capability is referred to
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Figure 52: DO Platoon Prediction Profiler
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aswhat-if exploration and enables the designer to virtualiyl@e options or COA’s by
seeing how sensitive the responses are to changée input factors and the predicted
result of those changes as reflected in the regsondJsing this tool can effectively
provide a DM with increased confidence in decisitimsy make that are backed by
guantifiable data and not just intuition; thus pdavg justification as to why a particular
COA was selected over another. The profiler inukeg52 shows that several
relationships exist, positive and negative as mugid by the slope of the prediction lines,
for variables X1, X2, X3, X4, X8, X12, and X14 ielation to the two MOE’s. Variables
X5, X6, X10, and X13 have relatively flat lines ahdve relatively no effect at the
current settings indicated by the red dashed \a&rtensitivity lines; X7 and X9 have
some impact but are negligible. An example oflet-if exploration would be to keep
variable X8,Resupply Speedonstant at 100 m/s, equivalent to about 194%kn®he top

speed of the MV-22, pictured in Figure 53, is 240tkn It is the USMC’s main mode

Figure 53: MV-22 Osprey: USMC Transport Aircraft
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for air transportation and logistics resupply, Bis speed is well within the range of this
aircraft’s capabilities and anything under it slibloé feasible. Now the DM can slide the
sensitivity sliders (red dashed lines) along thegeaaxes for each variable to try and
determine the best conditions that will promotecess in the MOEs with a higPercent
Enemy Killedand minimalHelicopter Resupply FlightsAlternatively, a designer could
hold constant all known factors and then only esgkhose variables that are ambiguous
to see the likely worst or best case scenariosadgitie DO platoon for this mission.
Another useful tool for the user is the Pareto.pleor instance referring to Table
16, a screening test is performed on the resparskghe result is Figure 54 which shows

Table 16: Input Variables for MANA Model

X1 | DO Squads Days of Supply X8 Resupply Speed

X2 | Scheduled Resupply Rate X9  Resupply Stealth

X3 | Sense and Respond Lead Time X10 Friendly Indegsor Persistence
X4 | Consumption Rate: Enemy Contact X11 Enemy SelRaoge

X5 | Consumption Rate: Shot at X12 Enemy Squad Size

X6 | Rapid Request Setup Time X13 Contact PersistEneeny

X7 | Time to conduct Resupply Mission  X14 Enemy Hutill

Figure 54: Pareto Plot showing the relative Infleeenf Input Factors on Responses
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that 80% of the variability of the MOE’s comes frggnmarily three factors for each
response. This plot tells the viewer which inpatiables have the most effect on the
responsesPercent Enemy Killedand Helicopter Resupply Flights Using this plot
provides the observer an idea of which variablesdrnte be looked at first to see what
improvements or efficiencies can be realized.

Referring to Figure 54, the only one factor eagdpo&ise has in common XS,
with X14 and X12 contributing the remainder of the 80 % sum of ¢ffects toPercent
Enemy Killedand X2 and X3 contributing towards the number Blelicopter Resupply
Flights needed for the mission. This data can now be bgeal logistician to focus on
these particular variables for future analysis beeathey are the bulk contributors to
these particular MOEs. Up until this point tryingdelect which variable had the most
importance was almost impossible. For the first M®E? andX14 are defined as noise
factors that fall under the enemy characteristigghile out of the logisticians control,
this information tells the logistician that getting much intelligence in these two areas is
critical to the DO platoon’s success of eliminating many enemy combatants as
possible. For the second response, the DM candboke scheduled resupply rate and
sense and respond lead times which theoreticallyirathe DM’s control. Use of the
Pareto plots does no indicate a DM should excludefdlotors below the 80% line, as
these variables of importance will change as mata & added or as the operational
scenario changes, but it does provide a focus wtienee was likely none. Looking
below this line also tells the DM what the next edmitting factors are and where further

emphasis might be important during the operation.
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JMP also allows a user to look at detailed intévast between two factors alone
with respect to the response. One such tool istinface profiler shown in Figure 55.
This example shows a comparison betw8gqnad Days of Supply (Xib) days andSense
andEnemy Squad Size (X1i2)minutes. AsX1 increases it means the squad has more
supplies on hand and can eliminate more of the grnsoause they have the supplies
and flexibility to react. As the amount of supplien hand decreases, the platoon has less
and this restricts their success in this area. M) is introduced we see a decrease in
the platoon’s ability to kill the enemy as the sdjs#ze increases. This makes intuitive
sense to the observer and gives some sense ohtatidthat the surrogate model is
capturing the effects of the input factors on tegponse oPercent Enemy Killed It is
important to note that the surface can and willadgitally change based on the variable
and its settings located on the right of the plt¥1P also enables the user to further focus
on specific cases of interest when the user iegidhe grid functionality. Referring to
Figure 55, the user desires at least 85 % of thengrkilled. The cases that represent that
desire create the contour above this grid alondZtheis of the plot. Based on an initial
three days of supply on hand, the observer cathsg¢enemy squad size can not exceed
nine combatants if this goal is to be met. Whadpful, this is only true if all other input
factors remain unchanged. So if the DM is fairlynfodent about all of the other
variables and thinks they will remain relativelxdd, the DM can see the impacts of
these two variables on the response and what getsimould be maintained to achieve a
prescribed success rate. This setting also shwsvddsigner that if intelligence is saying
enemy squad size is grater than nine, more the¢ tthays of supplies need to be provided

to the DO platoon to maintain the at least 85 %enkilled metric.
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Figure 55: Variation betwedBnemy Squad Size & Days of Supply
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For the response representing the numbeHelicopter Resupply Flightsn
Figure 56, the plot shows the DM that the amountiiroé between scheduled resupply
has almost no effect on helicopter flights as lasghe resupply schedule remains greater
that approximately 1.5 days. If the time is angrsdr than that the logistician can expect
to see a sharp increase in the number of helicdjpgits the aviation assets from the
MEU will have to conduct to keep the platoon resigapl Intuitively increasing speed
that the aerial assets fly at should increase theuat of flights the MEU is capable of
making over the course of the seven day missiog;ishalso reflected in this plot. If the
logistician was limited in resources and calculateat the MEU could only provide 35
flights as indicated by the mesh grid on the Z axid the DO platoon’s resupply package
consisted of two days worth, the resupply assetdavioave to fly at a minimum of 80 m/s
or approximately 161 knots. This means eithefiive22 or the CH53-E could be used
since their top speeds are 275 knots and 170 kespectively. The DM can also see that
speed is a critical factor and the helicopterseesfly the CH53-E will either be flying
close to their top speed or at a rate not condutmvefficient fuel consumption. This
potentially means more fuel being expended ovéoalthe seven day mission since the
aircraft must travel at less than ideal fuel eéfiti speeds to conduct resupply activities.
Overall, these plots allow the DM to explore and g$ee=impact two factors of interest
have on the responses. By using the predictiofilgrand the contour plots, trends or
interesting behaviors can be identified and then ltgistician or DM can explore the

impacts of these factors on the specific MOEs feritivestigated scenario.

198



Figure 56: Variation betwedResupply Rat& Helicopter Resupply Speed
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Relatively new to JMP is the ability to conduct M®iCarlo simulations (Refer to
Section 2.9). This tool allows the DM to examinedent distributions on the input
variables. As knowledge increases over the coofsbe scenario, the DM can adjust
these distributions to quickly run the model tophetedict the outcome. Figure 57 shows
what a notional initial condition scenario mightah Running the simulation 1,000,000
times, approximately five minutes, with uniform tdilsutions about the ranges results in
a distribution of likely outcomes for both of thessponses as seen in Figure 57.

The Percent Enemy Killedesponse has a normal type distribution with thame
approximately at 50% and the number Hélicopter Resupply Flighthas a skewed
normal distribution, with a mean at around 30. Theent settings inform the DM that
these particular mission settings should resudtbiout 88 % of the enemy eliminated and
approximately 39 flights over the course of theesestay mission to keep the DO platoon
adequately supplied. What can also be surmised finis tool is that there appears to be
a high propensity for at least 30 flights occurrimder the course of any mission. If a
logistician not knowing anything about the openasibscenario specifics wanted to at
least prepare for a short notice mission, it wooddlogical to assume that at least 30
flights will be needed. This also can be usedhgyhigh level DM or logistic planner in
terms or resource needs and allocation of asseteéd these needs if more than one DO
platoon was needed for an operation. These irsighbuld aid in initial planning
activities and gives a starting point for foreagagtibaseline requirements for future

missions that will be asked of the MEU’s organicaéiein and logistics combat elements.
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Figure 57: Simulate (Monte Carlo) Tool for DO Platoo
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Figure 58, below, displays an irregular shape oit@ors that depicts the density
of the cases in the database for the two respdosd¢be DO platoon analysis. There
exists a high density of the cases in the lowdrHahd corner of the plot as indicated by
the red colored contours. Unfortunately this allows that the bulk of the cases result
in a low percentage of the enemy killed. As thetoars spread from the origin there are

less and less cases as indicated by the diministunther of cases populating the space.

Figure 58: Contour Chart éfercent Enemy Killedls. Number of Resupply Flights
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Visually the user can see there are cases thanhtmilg fall within a notional and
arbitrary band of feasible and acceptable outconmiss is depicted by the red curved
line that begins at the 50 % point on the Y axisl @arves up and connects to an
imaginary point where approximately 50 resupplyidugiters would be employed to
support the DO platoon for its missions. Thesafgoand the line were uniquely defined
by the author. The depiction of this line and #énea within it encapsulate the specific
cases that fall with in the criteria of at least%®f the enemy killed and no more that 50
helicopter resupply flights conducted. The useraahen highlight these points and see
the specific input variable settings and correspundesponses to further evaluate
potential courses of action. The purpose of thgecto the line is to reflect that as a DM
one would likely be amicable to conducting morghtts as thd®ercent Enemy Killed
increases, but would be inclined to not allocatatéon assets as this number decreases.
Figure 59 is a variant of the density plot abdvat tenables the user to place an
ellipse of varying percentage to see where eatheotases fall. This plot also shows the
correlation between the two MOEs. The pair wiseatation between the two responses
is 0.2109 and the Pearson’s rho non-parametrieledion is 0.3042. This tells the user
that a small correlation between these two resmoeasists and there is some dependence
associated between the two responses. Beyondltihig|ot is not unlike the density plot
in Figure 58 except this figure shows the histogeard counts associated with the plot.
This reinforces the observation that a high densitthe cases are congregated about a
low percentage of enemy killed and low number dicbeter resupply flights. The tool

allows the user to select the density of flightsytAre most interested in via the ellipses.
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Figure 59: Plot oPercent Enemy KilledersusNumber of Resupply Flights
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Inclusion or exclusion of cases is accomplishethieyuser specifying the ellipse size and
then selecting the cases within or outside thpsdlito be used for further analysis.

All of the plots discussed thus far enable the usefacilitate visualization,
understanding, and manipulation of the data to ganetter insight to the design space.
JMP and tools like it provide a wealth of visuatiaa and exploration abilities to a well
trained user who can manipulate the data created the M&S environment within the
application. Unfortunately the average DM at theragional level will likely find this
process cumbersome and too time consuming to gaiseout of the data in this format.
For these DMs/logisticians at this level, quick aesvalong with some visualization in
the form of graphs and options is more suitablEhis type of information display will
allow the DM to specify the input parameters andmately allow the logisticians to
apply their expertise at the operational levelg¢tedmine the most suitable COA based on

the information available.

5.3.8.2Decision Support Tool (DST): ATLAS GUI

The author felt a usable interface that incorparateme of the visualization tools
and information from JMP and the MANA database wdwdvery beneficial to the DM
at the operational level. Computers are abundaaibilable to the operational level
military logistician and applications like Exceleareadily available throughout the
military. The MANA DO platoon database was postcessed and written to Excel
because of this fact, but also because maintenainttés type of file should be easily
accomplished at the user level if need be. Toterd@e interface needed, the author
turned to MatLab and its ability to create Graphidale Interfaces (GUIs). The end

result of this effort is shown in Figure 60. Thi®l allows a user to bypass complicated
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Figure 60: ATLAS Decision Support Tool GUI
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computer code and formulas that would preclude efase and functionality by the user
unless they had extensive knowledge or ability ndaustand the underlying computer
code. To begin using the ATLAS decision suppoml t¢DST), the user enters
information about the future scenario in blocks.1-Bhese inputs reflect the 14 input
variables used to represent the M&S environmentpantiirbed by the DOE in MANA.
Once this information is entered the user can atdidhhow manyk Nearest Neighbor
(KNN) cases they would like to see that are near tinaional or potential case in the
entry block at Step 4. Using tk&IN technique from CBR, the entered data is placed in
vector format and used to search the databasehémost similar cases to the one
entered by the user. This is accomplished by &iog the Euclidean Distance as is also
done in TOPSIS (Section 2.4.2). Step 5 readsanusiers entered information and stores
it in the GUI's memory workspace. Step 6 initiateg user to load the case based
database from an Excel file predefined in the mogrcode. Finally, Step 7 executes a
series of calculations and executes a varietyatffphctions that will now be available to
the user.

It is important to note that the ATLAS DST calcelatthekNN based on the
enemy characteristics first and then finds kh&N from a subset of the database created
by the firstkNN calculation. This places emphasis on the enemyackeristic variables
that ultimately will cause the greatest variability the operational plan when they
change. This will allow the user (logistician)w@w the most relevant/similar cases in
terms of the enemy situation and then assess tiee variables that are relatively in the

control of the military support structure and iratige of the DO platoon’s capabilities.
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The user now has available several pieces of Mzstimsn media. Under the Step
6 and Step 7 button is a prediction of the two MO&&sed on the NN surrogate that was
calculated earlier in JIMP. In the top right areethplots activated by radio buttons that
allow the user to see the cases identified byktil algorithm with the outcome of the
mean of thePercent Enemy Killebased on the five simulations runs of each DOE.cas
The points also have error bars based on the sthrdkviation calculated from the
averaging of these five runs. The next plot isaadraph depicting the total number of
Helicopter Resupply Flights This plot consists of a bar chart that provitles total
number of flights as well and a dissection of toisl attributed to the three DO platoon
squads. The third graph shows the Euclidean distas well as a weighted OEC that
takes into account the users uncertainty in thermétion and was described in detail in
Section 5.3.6. These two distance metrics ardgulain the same plot to give the user
the ability to see which cases might be best basatiekNN results and the variant OEC
calculation expressed by their confidence in tha.d®elow these plots in the GUI is an
area where the DM can select a case of interest fhendatabase (based on H#i¢N
results) and see a potential resupply timeline dasethe MANA simulation runs. This
allows the DM to not only see the number of flightsit also the distribution of the
flights over the seven day period. This can bendeeeach individual squad or all the
squads for each of the five runs. This data isulsecause it can show the DM the load
the logistics support units in support of the D@tpbn might expect over the course of
the mission. Examples of these plots and datautaitpill be shown in the application of

a notional test case next.
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5.3.9 Notional Test Case for DST ATLAS

Using the settings in Table 17, a query for sekidN cases was conducted. The
ATLAS DST as stated, also incorporates the NN eqaagenerated from JMP to give

Table 17: DST Exploration Notional Inputs

Variable (units) Value | Confidence Variable (units) Value | Confidence
X1: DO Squad Days of X8: Resupply Speed
Supply (Days) J e (knots) e e
E(ngyss‘):hed“'ed ResURREy e - o 90 X9: Resupply Stealth (%)| 100 75
X3: Sense and Respond Les X10: Friendly Inorganic
Time (min) il 78 Sensor Persistence (min) £ £
X4: Consumption Rate when o5 65
in Enemy Contact (#/t)
X5: Consumption Rate when
Shot at (#1t) =) 7
X§: Rap!d Request Setup 45 75
Time (min)
X7: Time to Unload
Resupply Helicopter (min) k2 e

the user a prediction of the two MOEs of inter€srcent Enemy Killednd Helicopter
Resupply Flights.The results are calculated within MatLab code taat be viewed in
Appendix C 2 & 3. The predicted MOE outcomes farsth settings are 86.93% of the
enemy killed, with 39 (38.49 rounded up) helicoplieghts required. If the user is
satisfied with this prediction they can move ortley can modify the inputs to see if an
improvement in the MOE’s can be achieved. The mmt of the GUI provides
visualization and case based information onkiN&l cases extracted from the database.
The first visualization section is located in thgpar right hand corner of the GUI and
provides three different plots activated by radittdns described earlier.

The first plot result for the sevekiNN cases is shown in Figure 61. Also

incorporated into the GUI and shown above the filst, is a tool bar that enables the
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Figure 61: Percent Enemy Killed by Case Number f8T ATLAS
user to manipulate these sets of plots to get lddtanformation from the underlying

calculations or specific case characteristics. sTitibe achieved by selecting the icon,

, and then selecting the data point the user wamise information about. An
example of this capability is also shown in Fig@® where the author selected the
highest value of percent enemy killed for this quemlhe result is a data box with X =
995,Y = 0.5788, and L and U = 0.03. This corresisoto case number 995, with an
average percent enemy killed of 57.8 % and a stdrdaviation, based on the five runs
on the input variables, of 3 percent. The useratem zoom, rotate, pan, and draw on the
graph, or they can apply a legend or inset a dmoifor the data. This graph tool bar can

be utilized on any of the plots within the DST AT8AGUI. As can be seen, the MOE
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values on the plot do not look to reflect the hygglding percentage predicted by the NN
surrogate incorporated into the GUI. This is tbsuit of the selected cases not exactly
matching the query case. Now the user must appiysis and expertise to digest the
information being presented to understand the wapbns of these nearest neighbor
cases. Before that task is attempted, a visuadizaf the other plots is prudent.

The second plot displays the total number of heleoflights for each of the

seven cases and is shown in Figure 62. These ezt flights that range from as

Figure 62: Total Number of Helicopter Flights bys@édrom DST ATLAS
small as 9 to as much as 71. The bar chart shosviotal number of flights as well as
the portions of the total for each of the three pl@toon squads as indicated by the
legend. The two command elements are excludduesetplots because their needs were

determined to be so minimal that it is assumedrgmipply activities for them will occur
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in route to the larger squads. It is importanhtbe that the number of helicopters is an
average taken across the five replications for &0k case. This chart currently shows
there are two, possibly three cases that are iwitiieity of number of helicopter flights
predicted by the NN surrogate.

The last plot of this section portrays the diseaneetrics in shown in Figure 63.

Here the user can compare the strict Euclidearabest versus the OEC variant equation

Figure 63: Distance Metrics (Euclidean and OEC) fid8T ATLAS
that is calculated with the unique weighting sdalat incorporates the fuzzy inference
system scaling algorithms discussed earlier andut@d by MatLab. Each metric result

is on a different scale with the Euclidean distapiodted along the Y1 axis and the OEC
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value plotted along the Y2 axis. A synopsis of kN cases retrieved with their specific

variable values, associated MOE values, and caénllaetrics is presented in Table 18.

Table 18: Data for Seven KNN Query in DST ATLAS

Variable

Query

Database Cases

994 575 430 995 338 257 590
DO Squads Days of Supply| 3 (100) 3.15 3.23 2.95 2.93 2.85 2.56 2.98
Scheduled Resupply Rate 2 (90) 1.95 1.89 2.31 1.76 2.35 2.17 2.46
Sense&Respond Lead Timeg 150 (75) 112 482 369 687 108.5 157.5 130.5
Consume: Enemy Contact | 25 (65) 48 49 17 26 9 23 34
Consume Rate: Shot at 35 (75) 32 45 42 19 29 20 0
Rapid Request Setup Time| 45 (75) 50 176 246 1125 87.5 5 133
Time for Supply Mission 15 (90) 55 55 54 3 27 50 57.5
Resupply Speed 110 (75) 497 468 430 85 908 334 869
Resupply Stealth 100 (75) 14 41 95 13 82 58 26
Friendly Sensor Persistence 30 (80) 40 9.5 3 43 4 45.5 24
Enemy Sensor Range 300 (80) 480 480 720 630 120 390 510
Enemy Squad Size 5 (75) 8 6 8 12 3 2 1
Contact Persistence Enemy| 15 (65) 22 23.5 9 13 10 11.5 23
Enemy Hits to Kill 2 (75 2 7 2 9 4 9 9
% Kill Killed 57.88 7.58 53.13 13.04 1.95 32.25 15.00
Standard Deviation 3.0 1.12 5.13 2.8 2.92 4.79 3.95
Number of Resupply Flight 44 26 45 9 10 71 7
Euclidean Distance 608.29 | 1088.25 | 1137.58 | 1301.22 | 1365.94 | 1385.70 | 1549.13
OEC Variant 1.61 2.04 1.79 1.58 1.38 1.42 1.96

The first plot from the ATLAS DST GUI showed theen that at two cases 994

and 430 had the highest values, 57.9 % and 53 dspectively. A review of these cases

should be conducted. The second plot shows tlkeaettwo cases in addition to 575 are

good candidates for further review based on the bhaunof resupply flights that are

similar in number compared to the predicted valyehe NN surrogate. The third plot

shows that these three cases have the smallesid€&arcl distance and this further

validates the need to delve deeper into the specifaracteristics of these three cases.

While this direction is the first recourse, a loakthe OEC plot shows the three cases

with the closest OEC to one are 995, 338, and Zbllese cases may also need to be

investigated. A Look at case 994 that has ab@8 & enemy killed percentage has 44

flights. Figure 64 shows the actual resupply saledf the logistics helicopters by day
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Figure 64: Resupply Schedule for Case 994 - Taotdlyy Squad
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and a linear forecast of usage by each of the sqt@dthis case. Theses plots are
individually generated in the window in the loweght hand corner of the GUI and are
based on the case, run, and squad selected bgehe Blot A shows the combination of
all three squads and although difficult to readvahithe DM that there is a trend of heavy
enemy contact in the beginning of the operatiorthwai lull in the middle and then an
increase in enemy contact toward the end. To dedt®r understanding of individual
squad requirements the DM can look at plots B, @, @n For Squad 1, the Northern
most squad, the DM can see there is quite a bitct¥ity, which could suggest the
enemy is trying to use a route that was eitheriptsly safe or they felt they could easily
traverse. For Squad 2, plot C shows a relativielgdy usage of supplies and exposure to
enemy combatants. The steady contact could beesiudt of enemy combatants’ vicinity
the Northern passage who are now heading Southtadaentact with the first squad.
Finally, plot D shows resupply occurring for Squagust about every 2 days and on
schedule. This tells the logistician that the pksoh resupply of every two days was
suitable for this squad, but the other plots retieal a revaluation for Squads 1 and 2 in
terms of their supply forecasts may needs to beucted.

The ATLAS DST at this point has enlightened the D\Meveral ways. The first
was by providing useful information in the way obsgible logistics load on aerial
resupply assets. It also allows the user to et#ixpertise in looking at a wide variety of
characteristics to assess possible enemy actior@ther things not necessarily
incorporated into this tool but can be performedha&t lower level by the HITL, are
terrain analysis, enemy trends when attemptingdescthe border, and determination of

intelligence accuracy, past and future. Each e$¢hactivities can be incorporated by the
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user while executing the ATLAS DST. While thisbieneficial a look at the other cases
is warranted and should be useful in surmising\aerail logistical support picture and be
beneficial in determining a potential load forecastl forecast for resources needed for
the seven day operation on the border.

The next case, 430, has the resulting plots ferhtélicopter resupply schedule
shown in Figure 65. This case, although similaresults with case 994, only has a value
of 53% enemy killed and experienced 45 resuppghts. This plot shows a completely
different result in the frequency of flights. Engrequad size is the same, but the
enemy’s ability to sense the DO platoon is 1.5 simgeeater and beyond the effective
range of small arms weapons in the DO platoon’sraals A look at other factors also
reveals thaSense and Respond Lead Tim&.46 times greater than the user’s query and
almost three times as long as in case 994. THisneist certainly have an effect on the
delivery of supplies and tells the DM how import&aeping this variable minimized can
be. Case 994 had a lead time of 112 minutes dilcelg a good indicator of the load on
the aerial resupply assets. With the low percentéfgenemy killed in these two cases,
the DM can also start to explore what other assetsaailable that can increase long
range visibility for the DO platoon. Unmanned Asr/ehicles (UAV’s) are relatively
prevalent in today’s military and could be leverdde provide intelligence to the DO
platoon in its area of operation. The DM may alsnimo look at reducing the area
covered by one platoon and depending on the missitant and criticality of the
outcome, whether a different force architecturevasranted. Exploration of these cases
should now be providing the logistician with a fdation to start determining the support

architecture that will be needed to support the [P@toon and its mission.
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Figure 65: Resupply Schedule for Case 430 - Totdly Squad
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The last case to be examined in detail is case e results for the helicopter flights
are shown in Figure 66. The four plots show atiredly even delivery rate for each of
the squads, which is a plus for reducing the vdiialin the number of flights and when
they will occur, but the MOE for percent enemy Idllss very low at 7.58 %. Further
analysis points to two variables that are the Vilallprits. The first is X14 or the number
of hits to kill an enemy agent. On a scale of 1@athis number is at a 7, which means
this enemy is highly trained and very difficultkol. Also the Sense and Respond Lead
Timeis 3.2 times longer than what is being expectethbylogistician. While the case as
it stands shows no viability in how the commandeuld approach solving the problem
it does highlight again the importance of having@uhte sense and respond capabilities
as well as knowing the ability of your enemy sa tha size and architecture of the force

is suitable to engage the enemy in their “knowatest
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Figure 66: Resupply Schedule for Case 575 - Totdley Squad
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Comparison of the cases is beneficial becausepbeabonal level user can start
to see why a particular case succeeded or failedeleyng the variables side by side.
Analysis of this nature is easily performed in %WELAS DST GUI because when the
user executes tHeoad Casesdutton that displays the series of plots showRigure 64
through Figure 66. This button also loads thectetecase’s 14 variable values from the

database as shown in Figure 67. This preventsséefrom having to go into the

Figure 67: Variable Comparison Example for Case &8l User Query
database and conduct a tedious search for a rdriease. This capability enables very
quick trade studies of the retrieved case selegtiorthat of the query and allows the user
to apply operational expertise in finding a solntifor the current environment being
planned for.
A look at the other three cases reflected by tiEeC®lot (995, 338, and 257)

reveals some large and small differences betweertiery input variables. The small
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differences seem to occur for the variables wheégh bhonfidence was a trait and large
difference appears to occur where confidence wadenate to low. The confidence in
X1, X2, and X7 were high and resulted in a closaveogence of matching for the query
data where as low confidence (75 and below) resite varied spread across the ranges
for those particular variable. The ATLAS methodqds less emphasis on the low
confidence variables because from a holistic viesytare noisy and are likely to change.
Consequently, the OEC variant seeks to search ashaligpf the retrieved cases for the
cases that should provide further insight to tremusrelationships not seen earlier. A
look at these three cases does reveal that X3 addSénse and Respond Lead Tianel

the Number of Hits to Kill an Enemgespectively, do seem to have a large role in the
Percent Enemy KilledOE. This is interesting because if the readekddoack at the
Pareto Plot in Figure 54 for this MOE, X14 is thenner one variable of influence and
X3 is the seventh. A look at the Helicopter Resypights MOE shows X3 as the third
highest variable of impact on this metric, but Xis4the last. This highlights the
criticality of a decision support tool that needse able to visually allow observation of
outcomes for a user in a quick and easy manneris dlso reinforces the need for

relevant and accurate information from complex,lime@ar, and integrated environments.

5.3.10 Step 9: Determine COA for Architecture Selection

The final step of the ATLAS method is for the userselect a COA and viable
logistics architecture based on the informatiomgesd by executing the ATLAS method
and its tools. The method guides the user thranighmation based on simulated data of
similar situations to a probable outcome in termigistics requirements to sustain the

DO platoon for its mission. This information inporates certainty in the information at
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the time of the query as well as intelligence abingt enemy and known knowledge
about friendly forces. The products from the ATLRST GUI give the operation level

planner an idea of the logistical need and henee gbtential load that could be

experienced on resupply assets. These assetsenhelitopters, aircraft, trucks, etc. are
commodities that needs to be managed as well ashp®$o prevent a breakdown in the
logistics delivery system. While some plannerd Wwdve the freedom to create their
architecture via requests for assets, others \eillimited to what they have organic to
their unit or at their disposal. Fortunately tisisvhere the HITL and the expertise of the
logistician as the DM can be leveraged to insurelfléty and robustness of the overall

force architecture is achieved.

The ATLAS method and supporting tools is not likedyprovide the exact answer
for the military DM seeking a solution to the complgperational environment they are
facing. While not the 100 % solution, the ATLAS timed and the decision support tool
encompassing the processes from this method dotbgdpovide better insight into the
potential outcomes for the DM. The method aidsarrewing down the spectrum of the
similar situations so that decisions can be madekiubased on operational data,
experience, and intelligence - not just the intutof the DM. The capability of this
method and the tools developed also allow a DM fdaeg the design space rapidly to
limit risk and adverse outcomes. Insights gainiedtive visualization products produced
bring knowledge and options into the decision mgkpnocess and should minimize the
time it takes to conduct military decision makinglglanning processes.

The data and plots provided by the ATLAS DST & first steps in selecting a

suitable and capable logistics architecture fompsuging the DO platoon for their border
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deterrence mission. Case 994 appears to be asgaehg point for development of this
architecture. Limitations of the modeling softwgmeclude dynamically changing the
resupply amounts to the squad during the simulatims so it is assumed that resupply
packages for ammunition, food, and water will beugefor the standard “3 days of
supply” quantity outlined in Table 8 and shown hagain for reference. Food and water

weigh 736 and 4400 pounds respectielyhis equates to a total weight of 9305 pounds

for three days of supply for the platoon, this pprximately 3100 pounds of supplies
per squad. Expressing this package’s characteristidetail now allows the LCE of the
MEU to start prepackaging standardized support ppekdor delivery either at a

scheduled resupply point or for a rapid requestrésupply initiated from the field

1 558125 %3 dayst 44 men=736 Ibs: 8332 * 492« 3 gays* 44 men= 4398 Ibs
day ! gal day
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environment. This also enables the customer or [@&@oon the ability to plan,
coordinate, and execute their mission based opdbkage characteristics. This does not
preclude the adding or taking away of commoditiesnf the logistics packages, but it
does allow for some efficiency to be realized imtg of reducing reaction time and it
helps to make the process of getting logistichéoright people, to the right place, and at
the right time a less volatile task by creatingaaddine support package.

A three day supply consisting of food, ammunitiamd water for the entire
platoon comes to 9305 pounds. Unfortunately tlesdnot include the necessities to
sustain the vehicles organic to the platoon. Baii8] gives a suitable approximation of
a total weight of these items consisting of Cldsdlll and V at 628 pounds per vehicle
for three days. With 11 vehicles assigned to titeesplatoon the total weight to support
the vehicles equates to 6908 pounds; consequeatisypply a platoon fully with the
theoretical “3 days of supply” amounts to 16214 nmtsiof material. Table 19 displays
the breakdown for each element of the DO platoagrrdsupply needs based on the “3
days of supply” quantities. Referring to Table aXkingle aircraft is able to resupply

Table 19: Resupply Requirements per DO Platoon &terior Three Days

Element Soldiers Vehicle Total
Command A or B 4 846 Ibs 1 628 Ibs 1474 Ibs
Squad 1, 2, or 3 12 2538 Ibs 3 1884 Iy 4422 lbs

either the entire platoon or squads individuallgdzhon their needs. An efficient use of
the resource would be to resupply everyone at dndeas the analysis from the ATLAS
DST has shown this is not necessarily the needsnibra feasible COA from a logistics
perspective, as the DO platoon theoretically isthetonly unit supported by the MEU.
This highlights the arduous task facing the militewgistician; how to forecast

logistical requirements and needs for ambiguousdymémic operational environments.
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Fortunately the ATLAS DST can give some insight.efdkring to Figure 64, the
logistician can begin to plan for the mission byngsthe outcomes reflected via the
MANA ABM. Table 20 shows a possible supply needemts of the number of three
days of supply packages from the beginning of thesion till the end of the mission
based on the ATLAS DST visualization products.

Table 20: Notional Need for DO Platoon 3 Day Re$yplackages

Element Day 1to 2 Day 2+to 4 Day 4+to 6 | Day 6+to EOM
Squad 1 8 (20304 Ibs 1 (2538 Ibs 2 (5076 Ihs) 17766 Ibs)
Squad 2 4 (10152 Ibs 2 (5076 Ibs 2 (5076 1ps) 10452 Ibs)
Squad 3 1 (2538 Ibs) 1 (2538 Ibs 3 (7614 Ibs) @ @lbs)
Total Package 13 4 7 13

The sum of the total projected need is approximai6élthree day packages. The ATLAS
DST if the reader recalls predicted 39 packagesthaNN surrogate, and Case 994
which this estimates is based off of utilized 44kzayes.

With this information the logistician can now stplanning for the mission. The
forecasted need is for 36 standard “3 days of stigphckages for the course of the
mission. While this is the forecasted need, tiggstacian will likely need to retain some
flexibility in the final number because the envinoent is evolving as he/she sets the
logistics plan in motion. With this forecast, eeékdown of the previously described
tables in terms of Class I, I, 1ll, V, etc can éstablished and inventory of these items
can either be confirmed or immediately placed otepiby the logistician through the
military supply system. This information also pides the LCE with guidance as to their
expected requirements in terms of logistic packaged enables them to begin
prefabricating at least the initial 13 “3 day suyppbackages forecasted for the
deployment phase of the operation. Table 20 shoWgecast quantity per squad that

places heavy emphasis on Squad 1. While thisvisthe model in MANA portrayed the
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outcome, this is not necessarily going to be tlselten reality. This is why the HITL is
critical to the planning and execution of militasperations. The HITL understands that
any of the squads could face initial heavy contdetrefore one might decide to send
each of the squads out with their basic load ofdhdays plus four more “3 days of
supply” packages to cache at their base of op&istan the border. As the mission
evolves the logistician can monitor the activitgrfr platoon reports or other feedback
sensors to adjust the delivery schedule of thepmguaircraft to meet specific needs.
This decision would not only allow some buffer fach of the squads, but would also
achieve the intent of keeping the enemy complatebware of resupply activities as they
would be irregular and sporadic based on the unigrexast determined via the ATLAS
DST. This aspect of the planning and architectetection process fulfills the desire by
military leaders expressed earlier to create caofugor the enemy via asymmetric
actions. It also should, among other things, paity increase the level of security
resupply aircraft experienced since the enemy mofl be able to track the sporadic
resupply schedule.

The information from the ATLAS DST allows the Isgician to coordinate with
the ACE for support in the form of aircraft and wre The information garnered and
processed from the ATLAS DST can be used by the A&CEelp determine the likely
flight load/schedule. The ACE generally has tosider the number of mission capable
aircraft, the number of pilots and crew they haweduty to create this plan, now they
should be able to plan and coordinate other taskb s maintenance and external
support for other units. While the schedule is metessarily set in stone, getting this

forecast to the ACE and LCE allows each of thenprigpare and plan, thus providing
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increased flexibility to the MEU and its supportedts. If the plan is not achievable by
the ACE and or LCE with their current resourcest tlealization should be arrived at
sooner and allow for commanders and DM’s more timeesolve potential issues. The
ATLAS DST has and can be utilized to conduct missanalysis to bring critical

situational characteristics to light for the DM'$his should result in increased flexibility
and robustness of the MEU and its subordinate wiitn faced with vague and evolving

small unit operations.

5.3 Chapter Summary

In this chapter the ATLAS method and its nine spepcess was applied to
provide a decision support framework for deterngnénlogistics architecture in support
of a scaled military operation conducted by a D@&qgan. The first two steps required
the problem to be defined and aided in framingdtiggcal components that enabled the
third step. This step was facilitated by an adrsted model representing the operational
environment. Verification of the model was conulcto insure the model was working
as intended accomplished Step 4. Step 5 was dygtmbmost difficult step in the
methodology simply because of the shear volumeata dnd coding necessary to parse
the data from the M&S software environment and repoBtep 6 applied fuzzy logic and
linguistics through the use of off the shelf softeyaMatLab. This application allowed
for the determination of weights to be applied dvaluation of the cases selected from
the database. Step 7 and 8 also used off thes¥feMare (JMP) to facilitate visualization
of the data. A custom GUI DST was created to altbe operational level user to
conduct useful design space exploration by fatititaquick extraction of pertinent data

that aided in the selection of a robust logistiesdor the scenario presented.

227



6 CONCLUSIONS AND CLOSING REMARKS

The problem facing the military joint logisticsstgm is on a massive scale and
will require some very innovative techniques, methoand application of emerging
technologies to solve. The areas of research coincefuzzy logic, neural network
applications, and agent based modeling are enjoyemgewed vigor in the design
community for their individual and combined abégito model and simulate real world
effects and problems. Application of new methoals modifications to existing methods
with new concepts is occurring constantly and i® $a be the subject of much research
and discussion as long as designers and engine@tisue to solve increasingly complex
and nonlinear problems. Technology advancemertsther it is in the area of increased
speed, capability, capacity in the realm of compytior if it is the implementation of
once cost prohibitive technologies such as RFIB,taggineers will need to continue to
try and solve problems with more and more efficienc

Ideally anyone involved in the logistics realm wbuike to assume stable
demand. This reduces the variability that is cooaped to incorporate into forecasting
models. While this simplifies the analysis of trevironment, it is often inflexible to
change and can be catastrophic in the face ofiltylatThe military operational arena is
a dynamic system that prevents 100 % accuratequi@as or forecasting in many areas,
but that does not mean it should be ignored. Missahd bombs will continue to be used
in combat operations, but putting soldiers on treugd will likely always be a necessity
to have any ability, post conflict, to conduct &l on efforts. The future holds many
uncertainties in what the immediate and long terifitary operational landscape will be

or require. Operations that require response bf arsmall military element are thought
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to be the future environment for military. Manyganizations in the military structure
have indentified logistical support for this typtemvironment as either inadequate or
nonexistent. This work has shown that applicatioh&nowledge, inherent or gained
through modeling and simulation, cognitive reasgmmethods, and useful visualization
techniques, can be beneficial in providing a fotiafor decision makers to select
courses of action and viable support plans. Thisrmation helps the logistician
formulate, plan, and execute the peripheral tagiesied to create suitable and hopefully
flexible logistics architectures for small unit oggons; in the end, providing the military

an option that can aid in getting the right researco the right people, at the right time.

6.1 Assessing Hypothesis Statements

Four hypotheses were expressed in Chapter 3 andegoently should be
evaluated as the culmination of this work is redch&he first statement reflected the
overarching intent of this work, how to provide ecsion support network for military
logistics decision makers and is stated below:

Any method formulated to provide decision suppoystesn for

determining military logistics architectures shoulthcorporate a

combination of historical data, cognitive reasonirggnd variation in the
operational environment.

Contribution The ATLAS method provides a methodical approach llha
incorporates applicable quantitative information goncert with user
assessments and expertise (qualitative informatmmetermine suitablg
courses of action via an easy to use GUI. In th&t pdv had to rely
almost solely on inherent knowledge with no wayateess relevant angl
potentially useful information or data to help fiet guide their decisions,.
The ATLAS method brings knowledge in sooner arid this gap.

While the ATLAS method certainly is not the only yvb provide decision support as

evidence by the morphological matrix in Table 4isibne option. This method utilizes
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data from a representative modeling and simulagowironment, along with user
assessments and expertise to help formulate atitsg@rchitecture and plan based on
guantitative and qualitative information. In thasp DM had to rely almost solely on
inherent knowledge with no way to access usefubrmftion or data to guide their
decisions. This method provides not only usef@drditative information, but allows the
user to apply their expertise to holistically calesithe environment and adjust plans to
meet the determined need. By not removing the num#he loop, this method seeks to
enhance the flexibility already prevalent in thditamy environment by filtering the large
amounts of data present and organizing it in suetag that military DM’s can more
quickly and efficiently perform their tasks.

The second hypothesis was developed out of theedts facilitate a balance
between the quantitative and qualitative natura décision makers environment.

Historical or simulation data that provide low ldw@&haracteristics should

be used to quickly filter solutions for the deaisimaker through data
based management techniques.

Contribution Applying operational (low) level characteristiesga the
MANA ABM&S tool and the use of the ATLAS DST GUI prales
further justification that movement away from trap tdown approach
should be pursued and that the use of informatxtnaeted from the
operational level results in a better forecast whHetermining logistical
needs.

This hypothesis is primarily dependent on the igtllle assessment of what is enough in
terms of data that can adequately provide answetiset questions or requirements that
face a DM. The author believes the military as @lemeeds to have some control of
how it approaches and makes decisions. The degitiee military to be flexible and the
need to be dynamic to meet varying operational renments supports this notion.

Because the future is uncertain and situationscarestantly in flux, uncomplicated,
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suitable, simple, and easily adaptable models shioellused to provide a holistic picture
that can be easily filtered and managed at thelagel. The ATLAS method seeks to do
this and has shown this with the capabilities a&@ &iILAS DST GUI as a decision
support tool.

The third hypothesis incorporates a concept thea fivst introduced in 1965, but
has recently gained significant interest in theaesh community as a way to incorporate
the HITL or at least mimic human decision makinggasses and is stated below.

Fuzzy Logic principles ought to be used to accdonhuman in the loop,

i.e. the decision maker’s, cognitive processes wiidizing a DSS to
determine a course of action.

Contribution Incorporating this technique requires only a s$rpabl of

users, not all of them to agree upon rules and neeship functions useq
to determine fitness or viability of a presentedecaet. As long as th
fuzzy inference system is maintained to account &perational
environment changes, applying this technique sSiamtly reduces thg
work load placed on the logistician and allows Imen/to reduce theif
decision making process time; especially at theaipaal level.

D

Advances in computing have made this ability sonswvhreality, but there exists no
“right” way to incorporatefuzzy principles. The author’'s approach provides some
flexibility that can provide an alternative view amformation that may have otherwise
been discounted as relevant to the problem. Thgoach again seeks to engage the
HITL, because although useful, fuzzy logic and otieehniques that attempt to model a
human’s cognitive abilities have limitations andvéa@nly been able to incorporate basic
human processes.

The final and fourth hypothesis below sought o dnd prove that the use of
statistical methods is beneficial in shedding som#rmation in a complex and

sometimes information void or saturated environment
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Optimization techniques should be used to accoantufcertainty in
information and aid in providing transparency angiification for a COA
taken.

Contribution Further provides support for the importance oplgpg
statistical analysis and visualization techniqueg tan be used to provide
both the operational and top level planners a levaletail not readily
seen. Displays that the desire for rapid desigacespexploration by
military leaders is achievable and at the loweelexa the ATLAS DST
GUI and its supporting database structure.

While optimization is not the intent, finding a ible and robust solution can be
accomplished by instituting optimization techniquesprovide information about the
environment. This hypothesis is difficult to prokecause only time will tell if these
techniques are applicable for this environmente ifhpacts and insights from this works
analysis look promising and has advanced insigtgnirarena where understanding the
impacts on the outcomes based on specific logiddieasions at the small unit level are
murky at best. This area of research will contitmee a source of work for a long time
simply because it is a complex, dynamic, and afvewp environment that is affected by

a variety of factors that are almost impossibladbstically account for.

6.2 When Should the ATLAS Method and Tools be Used

The ATLAS method should be used in the pre-planrstages of small unit
operations by a logistics DM to try and forecast thmt's operational and logistical
requirements. It potentially could be used to aggte the need over the realm of several
small units performing distributed operations ombat like operations similar to the
scenario used in this work. This currently is thdy scenario type available in the
ATLAS DST and is also only applicable to the rangestablished in Table 12.

Consequently, the NN surrogate is only valid withivese ranges and should not be
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utilized outside of them. The ATLAS DST GUI preteithe user from initiating queries
outside these bounds, but the database and totd beuexpanded by the addition of
cases and additional scenario modeling to reprekerfhew” environment. The ATLAS
method itself should be applicable to any varietyeavironments of complex and
nonlinear effects and where historical or case dak®a can be utilized to enable a
decision support system framework. Slight modifmas of the method may be
necessary depending on the environment, charaatsyiand desired results by the end

user.

6.3 Recommendations and Future Work

Forecasting and making predictions are one in the same, thetesattylimpossible
to get accurate 100 % of the time. This is true even withestabt known demand.
According to Dr. Gary Horne at the Naval Post Graduate Sclivoll can't really predict
anything, but if you look at enough possibilities, you can begin to undetrg@gid In
llachinski’s book, Artificial War, Prussian General Carl vonuSkwitz states that “absolute,
so-called mathematical, factors never find a firm basis ilitany calculations” and
highlights the uncertain and complex operational landscape facingiliteryntoday [54].
Yet in all our analysis and approaches today for solving problemseek to use statistics
and mathematical modeling to describe outcomes, and then rayplgrical techniques to
predict and forecast future events. What is the solution to pitablem of logistics
determination from the small unit level to the operationaklldor the military? Is it
solvable? Human nature and desire commands us to understand andrd sgive this

problem.
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An approach was pursued in this work to bring information and knowledges to th
decision maker in a cognizant and useable fashion in a quicker mar®&se based
reasoning, fuzzy principles, neural networks, and visualization tpadsiwere joined for
this effort. This work seeks a new approach to a relatively, getvold problem, for the
military and its leader; adequate and sustainable logistippost that satisfies diverse
operational requirements. Modeling and simulation, although not novelhwesito evolve
as abilities to model real world effect appear. Efforts¢@i®e a more dynamic, realistic, and
autonomous ABM should be pursued and would further aid exploring plausibleissemal
their outcomes based on certain decision making actions.

Continued research and incorporation of new or innovative ways toporate
cognitive reasoning processes is important to gaining insighthetalynamic systems that
encompass the military operational environment. Accounting forrtancty and variability
in information can always be improved to facilitate that the bdsrmation and host of
solutions is available to the DM for review and selection ofilda and viable courses of
action. Other areas the author would recommend attention to cohsistreasing the
fidelity of the M&S environment, expansion beyond the operatiotethaio to encompass
other scenario environments, and incorporation of real world scenasidadhelp create a
true operational database.

There likely will never result in a catch all solution to fasting logistical needs and
requirements for the military with complete accuracy, but inergal improvements are
useful non the less. These improvements should be beneficial in viogse¥sources,
increasing mission success, and potentially saving soldiersds/gése military transforms

itself to meet new and emerging threats at home and abroad.
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Appendix A
SOFTWARE SELECTION TOOL

A 1. Introduction

The purpose of this appendix is to provide detadkxtumentation of a developed
software selection tool (SST) utilized to determispecific software or software
combinations specifically for use in this thesisl aentered on the ability to aid in the
predicting or forecasting for a network centricteys of logistics. Software research was
conducted to assess a viable software tool froroch @f various software suites. This
appendix will provide a description of the develdpeol, instructions on usage and
calculations, and finally the results/selectioracfoftware package to model the logistics
environment. After comparing eight software apgtiiens within the developed tool
(Any Logic, Arena, MatLab/Simulink, Vensim, EXTENDPythagoras, Map Aware Non-
Uniform Automate (MANA) and EINSTein), and perforrgimquantitative comparative
assessments on software, metrics, and capab#itiesell as a sensitivity analysis, the
final selection identified MANA the most desirablaftsvare to utilize given the problem

description and requirements.

A 2. Software Research

Three types/levelsof modeling and simulation environments as well ra@sults
visualization were identified prior to determininghich specific software to compare
against customer requirements within the develop&d: (1) Stand alone scripting

languages in conjunction with stand alone visuéibretools; (2) Scripting languages that
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include some visualization capabilities; (3) Fudckage scripting, customization and
visualization. Each of these types will be disedss further detail below.

The first type of modeling and simulation envirommevith visualization of
results requires the union of a scripting languageo provide the modeling and
simulation environment — with a visualization suiteillustrate results. Examples of
basic scripting languages are C, C++, FORTRAN, APascal; and more advanced
languages are SimPy and Vensim; whereas visualizatol examples are VisSim,
SimProcess and SimCreator. A short descriptiothefmore advanced languages and
visualization tools follow below. The informatiamn each software option was derived
from the software’s website:

* SimPy (Simulation in Python) is an object-orientpthcess-based discrete-event
simulation language based on standard Python. roliges components of a
simulation model including processes for active ponents; as well as processes
for passive components that form limited capaciggestion points. SimPy also
provides monitor variables to aid in gatheringistats and random variants are
provided by the standard Python random module.P§ima easily interfaced with

other packages, such as plotting, statistics, Gheadsheets and databases.

* Vensim is a system simulator from Ventana Systebased on the world
dynamics approach. Vensim is an integrated framlevior conceptualizing,
building, simulating, analyzing, optimizing and tepng models of dynamic
systems. It uses a workbench-toolbox design tbatbmnes the simplicity of

visual models with easy access to a host of powerniodel simulation and
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analysis tools. This yields an increase in theedpaf work and the quality of

results.

* VisSim is a visual block diagram language for noadir dynamic simulation.
VisSim allows users to create their own blocks iI€-€+, FORTRAN, ADA, or
Pascal with additional tools allowing for real-tiraralog and digital 1/O for real-
time simulation, embedded C code generation, opétidn, neural nets, scaled

fixed point and IIR and FIR filter design.

» Simprocess is an object-oriented, process modalwgiganalysis tool. It combines
the simplicity of flowcharting with the power ofnsulation, statistical analysis,

Activity-Based Costing (ABC) and animation.

» SimCreator is a graphical simulation and modeliygtesm. Its main focus is the
simulation of continuous time systems with an ifaee similar to MathWorks’
Simulink. SimCreator facilitates complex modelsotigh connection of simpler

models and nesting. This graphical specificat®then translated in C code.

The next level of environment and visualizationules scripting languages with
some existing visualization capabilities. Exampdésuch are MatLab with SimuLink

and Mathematica. Each of these is described ihdudetail below:

* MatLab is the leading language for technical cormqgytDSP and control design
among others. SIMULINK provides a graphical intedato some MatLab

functions enabling the user to graphically desigidets and control systems.
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Finally, the upper level tools identified are fphckage environment, customization, and
visualization. Examples of these include Arena, TEXD, MANA, Pythagoras and
EINSTein. The last three were discussed in the loddhis thesis in Section 2.14.

* Arena Professional simulation software is most affe when analyzing
complex, medium to large-scale projects involvinighly sensitive changes
related to supply chain, manufacturing, procesdegjistics, distribution,
warehousing and service systems. Additionally, nard’E is used to create
customized simulation modeling products. Theseptatas focus on specific
applications or industries and consist of "libratief modeling objects enabling

significantly simpler and faster development of misdequiring repeat logic.

» EXTEND allows the creation of dynamic models fronuilthng blocks,
exploration of the processes involved, and obsenvaif relationships. Blocks
are the basic model-building components in Exteitl wach block representing
a modeled process containing unique proceduratrirdton. Blocks are grouped
into libraries according to function. Extend albwhe development of
customized components and has an interactive aaghigal architecture that is

combined with a robust development environment.

Using the information obtained above about spesififtware packages, examples from
each level of software type are used in the SSiBling eight software packages to
compare: Any Logic, Arena, MatLab/Simulink, VensiBE X TEND, Pythagoras, MANA,

and EINSTein. Each of the eight software optianeamparatively analyzed with regard

to specific requirements/needs.
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A 3. Software Selection Tool

Sheet One: Software Assessment

Visual Orientation Referring to the SST (sheet one), cells C4 thnoG@1 contain the

identified customer requirements, but are alsogmesl below in Table 21 for ease of

reference.

Table 21: Identified customer requirements

Ease of Use

Ease of Learning Curve/Implementation

Ease of Distribution of Final Product

Comprehensive Modeling of Elements and Proces

Ses

Accurate Modeling of Elements and Processes

Cost

Ease of Customization

N[OOI A~ WIN|F-

Ease of Modification

Quality of Visualization

Capability to Perform Parametric Analysis

Capability to Perform Statistical Analysis

Capability to Export Results

Ease of Collaboration and Portability

Integration Capability with other Software

Capability to Automate Multiple Scenarios

Capability to do Modular Design (Layer ability)

Processing Speed/Quick Turn Scenarios

Ability for user interaction during simulation

Cells D4 through D22 present the user ranking (bnee-nine scale) for each of the

aforementioned requirements. The importance rgskaocumented in cells S4 to S21

and T4 to T21.

Cells G3 through N3 house eachhef doftware options under

evaluation. Each software option’s ranking forreesquirement is presented in cells G4

to N21 and correspond to each software option'smal Results for the rankings appear

in cells G29 to N30, with a graphical representatappearing just above it. This is

pictured below in Figure 68.
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Figure 68: Software Assessment Sheet of SST
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Description The software assessment sheet compares eachasoftiwol against
identified user requirements. User requirementee haeightings based on overall
importance and each software option is ranked agagch user requirement. Both user
requirement importance and software rankings asedan a one-three-nine scale, where
one corresponds to a weak relationship, three aumecklationship, and nine a strong

relationship.

Results Results were obtained by multiplying the user am@nce of a particular

requirement by the ranking the software receivedtat requirement, and then summing
all values for each software option. A percentegesion of this result was obtained by
dividing the numerical result for each softwareiaptby the sum of the results for all
software options. The software with the highesueas most optimal on the software
assessment. For the software assessment usingséhamportance rankings, MANA

ranks highest with numerical value of 933 and aeral result percentage of 17.22 %

when compared to the other eight software apptioati

Sheet Two: Metrics Assessment

Visual Orientation The metrics assessment sheet (sheet two) prakerda$orementioned

user requirements in cells C7 through C24 withsdume importance rankings in cells D7
to D24 (these rankings are automatically updatedfthe software assessment based
upon user inputs). Options of how to representrtisgleling environment are broken

down into integration capabilities, modeling typasailability, and logistical modeling
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capability; these appear in cells F4 to W4. Uneach of these options are specific
metrics, for example, data import and export abdiffall under integration capabilities;
and, licensing and cost fall under availabilityesle sublevel options are presented in cells
F5 to U5 (totaling 16 options). The same rankiggteam is used as is in the software
assessment sheet with the exception that somecsstrow improvement in a decreasing
trend (nine-three-one). This is identified in seN6 and U6 for the metrics cost and
learning curve; this is taken into account in cklting results. Each modeling option’s
ranking for each user requirement is presente@lis €7 to U24 and correspond to each
modeling option’s column. Results for the rankiraggpear in cells F31 to U32. The

metrics assessment sheet is pictured below in &igar
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Figure 69: Metrics Assessment Sheet of SST
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Description The metrics assessment sheet (sheet two) identiiiodeling characteristics
that can be used to model and represent the loglistetwork. These modeling options
are then compared and ranked against the identifsst requirements. This sheet
essentially determines how necessary a modelingactaistic is in order to fulfill each

particular user requirement. Because not all mogehetrics/options have a relationship

to each user requirement, some of the cells instiegt remain blank.

Results Results for this sheet were calculated in theesamanner as in the software
assessment sheet. The top three modeling optammgified all fall under integration
capabilities: data export ability (user rankings8 and 15.45%) data import ability (user

ranking: 609 and 16.87%) and scripting multiplesguser ranking: 522 and 14.46%).

Sheet Three: Capabilities Assessment

Visual Orientation Each modeling option and its specific metrics esppin cells C6

through E20 with detailed descriptions of the modgloptions appearing in cells Q6
through Q20. The user importance rankings for edd¢he 18 metrics appear in cells F6
through F20. Software options appear in cellshi®ugh P3. The rankings of each
software option with regard to each user requirdnagpear in cells 14 through P20.
Final numerical results are presented in cellstt2%25. The capabilities assessment

sheet is presented in Figure 70.
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Figure 70: Capabilities Assessment Sheet of SST
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Description The capabilities assessment sheet compares mgdsiaracteristics of the
metrics assessment sheet to each of the softwaitnspn a ranking style similar to the
one used b onsumer Reports Magazin&hat is, rather than the one-three-nine ranking
system, a one-three-five-seven-nine system iszeatlli where one is poor, three is
marginal, five is average, seven is fair and ngexcellent. A user importance value is
assigned to each of the modeling/metric optionsedbamn the one-three-nine system.
Each software option is given a one-three-five-sevi@e weighting based upon its

capability for each modeling option.

Results The results for the capabilities assessment warrlated in the same manner as
the previous sheets taking into account the newkimgnsystem and omission of a
percentage value for results. The top softwaréonps MANA with a value of 852,

followed by EINSTein (810), Pythagoras (798) andlEXID (778).

Sheet Four: Sensitivity Analysis

Visual Orientation Referring to the sensitivity analysis sheet, pineviously noted user

requirements are presented in cells C4 to C21 as#ociated user importance rankings
in cells D4 to D21 and user ranking toggle barselts E4 through E21. User rankings
for the user are located in cells S3 through TRlumerical and percentage results are
tabulated in cells G23 through N24 with a graphregresentation of the results directly

above. The sensitivity analysis sheet is presdméalv in Figure 71.
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Figure 71: Sensitivity Analysis Sheet of SST
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Description The sensitivity analysis sheet looks very simitathe software assessment
sheet with differences being the ranking systemgl bars for ranking adjustment and
an enlarged graphic of the software assessmenrdtead of a one-three-nine ranking
system, the values are on a hundred point sca®30490. This allows the user to
determine how sensitive the software rankings arsemall variations around a given
value by toggling the provided bars one point aitree. A graphic is provided within the

sensitivity analysis to illustrate how the softwassessment changes.

Results In addition to numerical and percentage resalig;aphical result is presented in

the sensitivity analysis sheet for visualizatiorsehsitivity changes.

Sheet Five: Culmination of Results
Sheet five, shown in Figure 72, reiterates the ltesof the software, metrics and

capabilities assessments with graphical represensafor each.
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Figure 72: Final Results Sheet of SST
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A 4. Conclusions

In conclusion, the assessment reveals that MANAaestop choice software application
for modeling the environment. EINSTein, Pythagpeasd EXTEND, are very close to
MANA and any of those applications could have beseduif the scenario being
investigated had not yet been created. In thie ¢48NA already had a simulations

scenario partially constructed for the author taifyofor experimentation and analysis.
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Appendix B

DO PLATOON CHARACTERISTICS & MANA MODEL
DEVELOPMENT

B 1. DO Platoon Table of Organization and Equipment [8]
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B 2. Partial Sample of XStudy File
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B 3. MANA Base Model Characteristics

The variables of interest have been identifiedabl& 16. This section will go in detail
what the units of measure in MANA are and what eafable represents.

X1: DO Squads Days of Supply
This variable is relatively self explanatory. tcaunts for the amount of supplies each
person in the DO Platoon deploys with upon depaifian their mission. In MANA this
variable is represented by the agent’s fuel tafikis capability in MANA allows the user
to define a starting value as well as a varietysdHge rates. In this scenario a DO squad
member has three setting of usage. The first srvthey soldier is moving about in the
operational area conducting surveillance and patativities; this is the default state.
The second and third will be covered in X4 and XSingle day’s supply is represented
by 2880 fuel units and whatever the agent leavéls iwiwhat the agent will be resupplied
back up to when a resupply mission is executedif &o agent has three days of supply,
when a resupply asset arrives at the agent’s tmtdtie agent reverts back to three days
of supply on hand

X2: Scheduled Resupply Rate
This variable is the rate, in days, at which thetqun will be resupplied by aerial assets
based on expected consumption of the three stajflésod water, and ammunition.
While this number is a prescribed number that cdokd used for initial planning
purposes, it does not limit the ability to conduesupply operations earlier based on
rapid resupply requests initiated by the DO plat{@8). This likely occurs because of
intense contact or exposure to enemy agents. @ynedgain represented by 2880 time

units in MANA

256



X3: Sense and Respond Lead Time
This variable dictates how long the resupply ptakes to process and execute a resupply
mission once a request is received or the spediiigdtion indicated in X2 is reached. It
is a constant duration that is not modifiable in MARNNce a simulation is executed.
X4: Consumption Rate: Enemy Contact
This variable control the amount of fuel the DOrasigeses when enemy agents are within
his situational awareness map. The agents sihatBwareness, whether through inter-
agent communication reports, visual, or otherwssehen the agent is aware that enemy
combatants are near by. This environment caugesadgént to be on heightened alert and
utilize slightly more fuel than when he was on pbhéind surveillance activities.
X5: Consumption Rate: Shot at
This variable dictates the highest usage of fudliann effect when the agent is in direct
enemy contact and is conducting combat operatioBsen after completing these
operations the agent will remain in this mode faed amount of time to represent the
environment of heightened alert by soldiers aftenloat.
X6: Rapid Request Setup Time
This is the amount of time in minutes that will éaflor the service support unit providing
resupply to the DO platoon to react to a rapid peurequest.
X7: Time to conduct Resupply Mission
This variable represents the amount of time in neigut takes for the aerial asset to fly
from is support base, approximately 50 nauticaemdway, to the DO platoon’s location

and resupply the requesting party. Each of theettsquads and the two command
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elements have their own dedicated resupply aseedfidw for data extraction in how
many flights occur to each entity.
X8: Resupply Speed
This variable indicates how quickly the aerial ©gsy asset gets to the DO platoon to
execute the resupply mission from its logisticgby base approximately 50 nautical
miles away.
X9: Resupply Stealth
This variable represents how invisible the resugisets are to enemy combatants.
X10: Friendly Inorganic Sensor Persistence
This variable represents how long a friendly fowed# keep an enemy agent on its
situational awareness map via its sensors onceast lbeen reported through the
communications network
X11: Enemy Sensor Range
This is how far the enemy’s sensor range is foectetg DO platoon agents along their
path to infiltrate the border. The level of thisiley dictates how well or how bad the
enemy avoids DO agents while navigating the telirathe model.
X12: Enemy Squad Size
This variable represents the number of enemy adgesisling together in an effort to
reach their objective across the border. More agtamd to overwhelm the DO agents
when attempting to eliminate the enemy combatamdsadiow passage of enemy agents

X13: Contact Persistence Enemy
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This variable represent the amount of time an enagant will keep a DO agent on their
situational awareness map and thus tend to avaidatient if they are in their potential
path to the objective across the border.

X14: Enemy Hits to Kill
This variable represents the number of direct tatpiired to kill and enemy agent, the
higher the number the more well equipped and weaihéd the agent is at engaging the

DO platoon agent and preventing themselves fromgoleiled.

B 4. OPLOGPLN Additional Information
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Appendix C
MATLAB CODE

C 1. MatLab Code for Post Processing of MANA Results

This appendix supplies several MatLab codes tha¢ weeated by the author as well as
by MatLab’s GUI creator. The codes generated byailthor were primarily used to read
in and parse the data files generated by MANA tlmattained information about the
operational landscape. The need for a parsing wadethe result of the large output files
that were generated by MANA, especially the agesitjpm files. These files recorded
several aspects of the simulation for every tineg stLimitations in the amount of visible
rows of EXCEL (65,000), the output file format, @lsecessitated a venue to read in the
data and extract only what was pertinent for tegearch work.

The following MatLab code is used determine wherebicbpter resupply occurred for
any of the 5 entities in the MANA Scenario modelisTlis accomplished by taking the
files, which are named with a numbering conventitom case zero to the number
specified. In the authors work 1000 cases wertopeed and each case was executed
five times to generate some repeatability and @esower the initial conditions specified
by the DOE. Once the data file was opened by tlie @n algorithm that performed a
matching of certain (X,Y) or position coordinatessaciated with a particular agent is
performed. That information is stored in a maand when the entire output file from
MANA is parsed that matrix is written out to a di@y as another file with a similar
naming convention for use by the ATLAS Tool GUIthe knowledge or database file

that is needed for the ATLAS method.
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for

x=0:999;
for z=1:5;
% Open File at various locations
fl= 'E:\oldmcdata\Studies\DO_Platoon\Output\MOE_-0-'
f2=x;
f2_=num2str(f2);
f3= ' pos_'
fAd=z,
f4_=num2str(f4);
f5= csv' o
file = strcat(f1,f2_,f3,f4_,f5);
C = textread(file, ", 'delimiter’ ', ‘commentstyle’
'shell , 'headerlines' ,6);

%position 1
a=[C(:,2)==4 C(:,4)==104 C(:,5)==34];
al=sum(a,2);
a2=floor(al/3);
clear al

%position 2
b=[C(:,2)==9 C(;,4)==108 C(:,5)==102];
bl=sum(b,?2);
b2=floor(b1/3);
clear bl

%position 3
c=[C(:;,2)==14 C(;,4)==105 C(;,5)==168];
cl=sum(c,2);
c2=floor(c1/3);
clear cl

%position 4
d=[C(:,2)==17 C(:,4)==125 C(;,5)==118];
d1l=sum(d,2);
d2=floor(d1/3);
clear dl

%position 5
e=[C(;,2)==20 C(;,4)==133 C(;,5)==51];
el=sum(e,2);
e2=floor(el/3);
clear el

big=[C a2 b2 c2 d2 eZ2];
y=sortrows(big,[-6 -7 -8 -9 -10]);
good=sum(sum([a2 b2 c2 d2 e2]));

ynew=sortrows(y(1:good,1:end-5));

fo= 'E:\oldmcdata\Studies\DO _Platoon\Output\Position\MO
f6= " new' ;

filenew=strcat(f0,f2_,f3,f4_,f6,f5);

dimwrite(filenew,ynew, 'roffset’ 1);
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delete (file);
clear a* b* ¢ d* e* C big y*;
end;

end;

The following code is used to open the above nendgted files to determine the amount

of helicopter resupply flights that occurred duritihg simulation and identify at what

time (in days) these flights occurred as well asvtoch agent the helicopter resupply

flight was for in the simulations performed.

for x=0:999;
for z=1:5;
fl= 'C:\Documents and Settings\gtg730n\My
Documents\MATLAB\Resupply Files 2MOE_- 0-'
f2=x;
f2_=num2str(f2);
f3= ' pos_'
f4=z;
f4_=num2str(f4);
f5= ' new.csv'

file = strcat(f1,f2_,f3.f4_.f5):

C = textread(file, ", 'delimiter’ ', ‘commentstyle’
'shell , 'headerlines' 1);
dim = size(C,1);

Resupply = (C(:,1)/2880);

for j=1:dim
if C(j,2)==
Resupply(j,2)=1;
elseif  C(j,2)==9
Resupply(j,2)=2;
elseif C(j,2)==14
Resupply(j,2)=3;
end
end
fO= 'C:\Documents and Settings\gtg730n\My Documents\MAT
Sched\Helo_-0-' ;
f6= csv'o;
filenew=strcat(f0,f2_,f3,f4_,f6);
dimwrite(filenew,Resupply);
end;
end;

LAB\Helo
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The code below is used to calculate the averageébauof total flights for each of the 5
iterations performed for a set of initial conditoras outline by the DOE for the

Distributed Operations scenario.

for x=0:999;
for z=1:5;
% Open File at various locations
fl= "TAMANA\Resupply Files\MOE_-0-' ;
f2=x;
f2_=num2str(f2);
f3= ' pos_'
fAd=z,
f4_=num2str(f4);
f5= ' new.csv'

file = strcat(f1,f2_,f3,f4_,f5);

C = textread(file, ", 'delimiter' ', ‘commentstyle’
'shell’ , 'headerlines' ,1);

a=sum(C(:,3)==2);

A(z,1)=3a;

num_flights = round(sum(A)/5);
end;

output=num_flights;

dimwrite( 'C:\MANA Helo flights.csV' ,output, ‘-append' );
end;
C 2. GUI Code

The bulk of this code is automatically generatedviatLab as the ATLAS Tool GUI is
created through the user interface when adding ooeds, whether this is static text,
drop down boxes, pictures, or a variety of executimttons. The author did modify
some of this code to keep user inputs within ttadmeof the ranges set for each on the
input variables, specified in Table 12, and to keepfidence levels between the range of

zero and 100 %. This coding can be seen iriutfv@ion  X1_Callback  Or function
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Cl1_Callback as examples. This code is also modified to callhoother code named
guiengine.m that contains the bulk of the algorithms used tecate accessing the
database to conduct the case based reasoningajgpliand evaluation, apply the fuzzy
logic processes discussed in the body of this watikze the artificial neural net created
from the input output data, and perform a varidtyisualization capabilities available to

the ATLAS Tool user.
function  varargout = DST_ATLAS Helo_ Pred(varargin)
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to hel p
DST_ATLAS Helo Pred

% Last Modified by GUIDE v2.5 19-Nov-2008 11:51:06

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;

gui_State = struct( '‘gui_Name' , mfilename,
'gui_Singleton’ , gui_Singleton,
'gui_OpeningFcn' , @DST_ATLAS Helo Pred_OpeningFcn,
'‘gui_OutputFcn' , @DST_ATLAS Helo_Pred_OutputFcn,
'gui_LayoutFcn' s
'gui_Callback’ B

if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT

% --- Executes just before DST_ATLAS_Helo_Pred is m ade visible.
function DST_ATLAS Helo Pred_OpeningFcn(hObject, eventdata, handles,
varargin)

% ---- Calls to guiengine.m ----
[handles] = guiengine(handles, 'initialize’ );

% Choose default command line output for DST_ATLAS _ Helo_Pred
handles.output = hObject;
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% Update handles structure
set(hObject, 'toolbar' , 'figure' );
guidata(hObject, handles);

% --- Outputs from this function are returned to th e command line.
function  varargout = DST_ATLAS_Helo_Pred_OutputFcn(hObject, eventdata,
handles)

varargout{1} = handles.output;

% ---mmmmmmmmmemme e Populate Pictures in GUI --- s

% --- Executes during object creation, after settin g all properties.

function  Icon_CreateFcn(hObiject, eventdata, handles)
% Hint: place code in OpeningFcn to populate Icon

% --- Executes during object creation, after settin g all properties.
function  Graph_CreateFcn(hObject, eventdata, handles)

% hObject handle to Graph (see GCBO)

% Hint: place code in OpeningFcn to populate Graph

% --- Executes during object creation, after settin g all properties.
function  Resupply_CreateFcn(hObject, eventdata, handles)

% hObject handle to Resupply (see GCBO)

% Hint: place code in OpeningFcn to populate Resupp ly

L o

% READ IN X1 TO X14 VARIABLES FOR DETERMINING CASE =~ CHARACTERISTICS

% --- X1 Functions ---
function  X1_Callback(hObject, eventdata, handles)

X1 = str2double(get(hObiject, 'String' );
% Perform Check that X1 is with in Data Base Parame ters
if isnan(X1)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if (X1<1]|X1>D5);
set(hObiject, 'String' )
errordlg( 'Must be at between 1 and 5 days' , 'Errort );
end
% --- Executes during object creation, after settin g all properties.
function  X1_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, '‘BackgroundColor' ),
get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );
end

function  X1_ButtonDownFcn(hObject, eventdata, handles)
% hObject handle to X1 (see GCBO)

% eventdata reserved - to be defined in a future v ersion of MATLAB
% handles structure with handles and user data ( see GUIDATA)
set(handles.X1, 'String’ )
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% --- X2 Functions ---
function  X2_Callback(hObject, eventdata, handles)

X2 = str2double(get(hObiject, 'String' );
if isnan(X2)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if (X2<1]|X2>5);
set(hObiject, 'String' )
errordlg( 'Must be at between 1 and 5 min' , 'Error'
end

function  X2_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function  X2_ButtonDownFcn(hObject, eventdata, handles)
set(handles.X2, 'String' )

% --- X3 Functions ---
function  X3_Callback(hObject, eventdata, handles)

X3 = str2double(get(hObject, 'String'’));
if isnan(X3)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if (X3<0]| X3>720);
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 720 min' , 'Error'
end

function X3 _CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  X3_ButtonDownFcn(hObject, eventdata, handles)
set(handles.X3, 'String' )

% --- X4 Functions ---
function  X4_Callback(hObject, eventdata, handles)

X4 = str2double(get(hObiject, 'String"  ));
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if isnan(X4)

set(hObiject, 'String' )

errordlg( 'Input must be a number’ , 'Errort );
end
if (X4 <1]|X4>50);

set(hObiject, 'String' )

errordlg( 'Must be at between 1 and 50 units/time’
end

function X4 CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function X4 _ButtonDownFcn(hObject, eventdata, handles)
set(handles.X4, 'String' )

% --- X5 Functions ---
function  X5_Callback(hObject, eventdata, handles)

X5 = str2double(get(hObiject, 'String' );
if isnan(X5)

set(hObiject, 'String' )

errordlg( 'Input must be a number , 'Errort);
end
if (X5<1]|X5>50);

set(hObiject, 'String' )

errordlg( '‘Must be at between 1 and 50 units/time’
end

function  X5_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function X5 ButtonDownFcn(hObject, eventdata, handles)
set(handles.X5, 'String' )

% --- X6 Functions ---
function  X6_Callback(hObject, eventdata, handles)

X6 = str2double(get(hObject, 'String’));
if isnan(X6)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort );
end
if (X6<1]|X6>360);
set(hObiject, 'String' )
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errordlg( 'Must be at between 1 and 360 min' , 'Error'

end

function  X6_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  X6_ButtonDownFcn(hObject, eventdata, handles)
set(handles. X6, 'String' )

% --- X7 Functions ---
function  X7_Callback(hObject, eventdata, handles)

X7 = str2double(get(hObiject, 'String"  ));
if isnan(X7)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if (X7 <1]|X7>60);
set(hObiject, 'String' )
errordlg( 'Must be at between 1 and 60 min' , 'Errort);
end
function  X7_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, '‘BackgroundColor’ ),
get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );
end
function  X7_ButtonDownFcn(hObject, eventdata, handles)
set(handles. X7, 'String' )
% --- X8 Functions ---
function X8 Callback(hObject, eventdata, handles)
X8 = str2double(get(hObiject, 'String"  ));
if isnan(X8)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if (X8 <50 ]| X8> 1000);
set(hObiject, 'String' )
errordlg( 'Must be at between 50 and 1000 m/s' , 'Error'
end

function X8 CreateFcn(hObject, eventdata, handles)
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if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );
end

function X8 ButtonDownFcn(hObject, eventdata, handles)
set(handles.X8, 'String' )

% --- X9 Functions ---
function  X9_Callback(hObject, eventdata, handles)

X9 = str2double(get(hObiject, 'String' );
if isnan(X9)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if (X9<0]||X9>100);
set(hObiject, 'String' )
errordlg( '‘Must be at between 0 and 100 %' , 'Error'
end

function  X9_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function X9 _ButtonDownFcn(hObject, eventdata, handles)
set(handles.X9, 'String' )

% --- X10 Functions ---
function  X10_Callback(hObject, eventdata, handles)

X10 = str2double(get(hObject, 'String"  ));
if isnan(X10)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if (X10<1 || X10 > 60);
set(hObiject, 'String' )
errordlg( 'Must be at between 1 and 60 min' , 'Error'
end

function  X10_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function ~ X10_ButtonDownFcn(hObject, eventdata, handles)
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set(handles.X10, ‘String , " ),

% --- X11 Functions ---
function  X11_ Callback(hObject, eventdata, handles)

X11 = str2double(get(hObject, 'String"  ));
if isnan(X11)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if (X11 <0 || X11 > 2000);
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 2000 meters'
end

function  X11 CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function  X11_ButtonDownFcn(hObject, eventdata, handles)
set(handles.X11, 'String' )

% --- X12 Functions ---
function  X12_Callback(hObject, eventdata, handles)

X12 = str2double(get(hObiject, 'String' );
if isnan(X12)

set(hObiject, 'String' )

errordlg( 'Input must be a number’ , 'Errort);
end
if (X12<1]| X12 > 14);

set(hObiject, 'String' )

errordlg( '‘Must be at between 1 and 14" , 'Error'
end

function  X12_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  X12_ButtonDownFcn(hObject, eventdata, handles)
set(handles.X12, 'String' )

% --- X13 Functions ---
function  X13_Callback(hObject, eventdata, handles)

X13 = str2double(get(hObiject, 'String"  ));
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if isnan(X13)

set(hObiject, 'String' )

errordlg( 'Input must be a number , 'Errort);
end
if (X13<1]| X13>60);

set(hObiject, 'String' )

errordlg( 'Must be at between 1 and 60 min' , 'Errort);
end

function  X13_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function  X13_ ButtonDownFcn(hObject, eventdata, handles)
set(handles.X13, 'String' )

% --- X14 Functions ---
function X114 Callback(hObject, eventdata, handles)

X14 = str2double(get(hObject, 'String’”));
if isnan(X14)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if (X14 <1]| X14 > 10);
set(hObiject, 'String' )
errordlg( '‘Must be at between 1 and 10' , 'Errort);
end

function X114 CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  X14 ButtonDownFcn(hObject, eventdata, handles)
set(handles.X14, 'String' )

% GET CONFIDENCE BELIEF FROM USER ON INPUT VARIABLE S X1 - X14
% --- Confidence Input, C1, for X1 ---

function  C1_Callback(hObject, eventdata, handles)

% Get string from drop down menu box in GUI

C1 = str2double(get(hObject, 'String"  ));
if isnan(C1)

set(hObiject, 'String' )

errordlg( 'Input must be a number’ , 'Errort );
end
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if (C1<0]|C1> 100);

set(hObiject, 'String' )
errordlg( '‘Must be at between 0 and 100 %' , 'Error'
end

function  C1_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  C1_ButtonDownFcn(hObiject, eventdata, handles)
set(handles.C1, 'String' )

% --- Confidence Input, C2, for X2 ---
function  C2_Callback(hObject, eventdata, handles)

C2 = str2double(get(hObject, 'String"  ));
if isnan(C2)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if C2<0]|C2>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C2_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function  C2_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C2, 'String' )

% --- Confidence Input, C3, for X3 ---
function  C3_Callback(hObject, eventdata, handles)

C3 = str2double(get(hObject, 'String'”));
if isnan(C3)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort );
end
if C3<0]|C3>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C3_CreateFcn(hObject, eventdata, handles)
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if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );
end

function  C3_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C3, 'String' )

% --- Confidence Input, C4, for X4 ---
function  C4_Callback(hObject, eventdata, handles)

C4 = str2double(get(hObject, 'String'"));
if isnan(C4)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if C4<0]|C4>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C4_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  C4_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C4, 'String' )

% --- Confidence Input, C5, for X5 ---
function  C5_Callback(hObject, eventdata, handles)

C5 = str2double(get(hObject, 'String' );
if isnan(C5)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if C5<0]|C5>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C5_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end
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function  C5_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C5, 'String' )

% --- Confidence Input, C6, for X6 ---
function  C6_Callback(hObject, eventdata, handles)

C6 = str2double(get(hObject, 'String'"));
if isnan(C6)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if C6<0]|C6>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C6_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  C6_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C6, 'String' )

% --- Confidence Input, C7, for X7 ---
function  C7_Callback(hObject, eventdata, handles)

C7 = str2double(get(hObject, 'String' );
if isnan(C7)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if C7<0]|C7>100;
set(hObiject, 'String' )
errordlg( '‘Must be at between 0 and 100 %' , 'Error'
end

function  C7_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function  C7_ButtonDownFcn(hObiject, eventdata, handles)
set(handles.C7, 'String' )

% --- Confidence Input, C8, for X8 ---
function  C8_Callback(hObject, eventdata, handles)
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C8 = str2double(get(hObject, 'String"  ));

if isnan(C8)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort );
end
if C8<0]|C8>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C8_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  C8_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C8, 'String' )

% --- Confidence Input, C9, for X9 ---
function  C9_Callback(hObject, eventdata, handles)

C9 = str2double(get(hObject, 'String’”));
if isnan(C9)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if C9<0]|C9>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C9_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function  C9_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C9, 'String' )

% --- Confidence Input, C10, for X10 ---
function  C10_Callback(hObject, eventdata, handles)

C10 = str2double(get(hObject, 'String"  ));
if isnan(C10)

set(hObiject, 'String' )

errordlg( 'Input must be a number , 'Errort);
end
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if C10<0]| C10>100;

set(hObiject, 'String' )
errordlg( '‘Must be at between 0 and 100 %' , 'Error'
end

function  C10_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  C10_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C10, 'String' )

% --- Confidence Input, C11, for X11 ---
function  C11_Callback(hObject, eventdata, handles)

C11 = str2double(get(hObject, 'String"  ));
if isnan(C11)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if C11<0]| C11>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C11_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function  C11_ButtonDownFcn(hObiject, eventdata, handles)
set(handles.C11, 'String' )

% --- Confidence Input, C12, for X12 ---
function  C12_Callback(hObject, eventdata, handles)

C12 = str2double(get(hObject, 'String'”));
if isnan(C12)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort );
end
if C12<0]| C12>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C12_CreateFcn(hObject, eventdata, handles)
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if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );
end

function  C12_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C12, 'String' )

% --- Confidence Input, C13, for X13 ---
function = C13_Callback(hObject, eventdata, handles)

C13 = str2double(get(hObject, 'String'"));
if isnan(C13)
set(hObiject, 'String' )
errordlg( 'Input must be a number’ , 'Errort);
end
if C13<0]| C13>100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C13_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  C13_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C13, 'String' )

% --- Confidence Input, C14, for X14 ---
function  C14_Callback(hObject, eventdata, handles)

C14 = str2double(get(hObject, 'String' );
if isnan(C14)
set(hObiject, 'String' )
errordlg( 'Input must be a number , 'Errort);
end
if C14<0]| C14 > 100;
set(hObiject, 'String' )
errordlg( 'Must be at between 0 and 100 %' , 'Error'
end

function  C14_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end
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function  C14_ButtonDownFcn(hObject, eventdata, handles)
set(handles.C14, 'String' )

% --- k Functions ---
function  K_Callback(hObject, eventdata, handles)
K = str2double(get(hObject, 'String"  ));

function  K_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  K_ButtonDownFcn(hObject, eventdata, handles)

set(handles.K, 'String' , " );

% --- Executes on button press in User_Data.

function  [dstructure] = User_Data_Callback(hObject, eventda ta, handles)
% hObject handle to Load_Scenario (see GCBO)

% eventdata reserved - to be defined in a future v ersion of MATLAB
% handles structure with handles and user data ( see GUIDATA)
data = get(handles.atlas, 'userdata’ );

dstructure.X1 = str2double(get(handles.X1, 'String' );
dstructure.X2 = str2double(get(handles.X2, 'String' );
dstructure.X3 = str2double(get(handles.X3, 'String' );
dstructure.X4 = str2double(get(handles.X4, 'String' );
dstructure.X5 = str2double(get(handles. X5, 'String' );
dstructure.X6 = str2double(get(handles.X6, 'String' );
dstructure.X7 = str2double(get(handles.X7, 'String' );
dstructure.X8 = str2double(get(handles.X8, 'String' );
dstructure.X9 = str2double(get(handles.X9, 'String' );
dstructure.X10 = str2double(get(handles.X10, 'String' );
dstructure.X11 = str2double(get(handles.X11, 'String' );
dstructure.X12 = str2double(get(handles.X12, 'String' );
dstructure.X13 = str2double(get(handles.X13, 'String' );
dstructure.X14 = str2double(get(handles.X14, 'String' );
dstructure.C1 = str2double(get(handles.C1, 'String' );
dstructure.C2 = str2double(get(handles.C2, 'String' );
dstructure.C3= str2double(get(handles.C3, 'String' );
dstructure.C4 = str2double(get(handles.C4, 'String' );
dstructure.C5 = str2double(get(handles.C5, 'String' );
dstructure.C6 = str2double(get(handles.C6, 'String' );
dstructure.C7 = str2double(get(handles.C7, 'String' );
dstructure.C8 = str2double(get(handles.CS8, 'String' );
dstructure.C9 = str2double(get(handles.C9, 'String' );
dstructure.C10 = str2double(get(handles.C10, 'String' );
dstructure.C11 = str2double(get(handles.C11, 'String"  ));
dstructure.C12 = str2double(get(handles.C12, 'String"  ));
dstructure.C13 = str2double(get(handles.C13, 'String"  ));
dstructure.C14 = str2double(get(handles.C14, 'String' );
dstructure.K = str2double(get(handles.K, 'String' );

data.k = dstructure.K;
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data.dstructure = dstructure;
set(handles.atlas, 'userdata’ , data);

% --- Executes on button press in Find_Scenario.

function  Find_Scenario_Callback(hObject, eventdata, handles )
get (handles.atlas, ‘userdata’  );

[handles] = guiengine(handles, 'user_input' );

[handles] = guiengine(handles, 'load_cases' );

% --- Executes on button press in Load_Scenario.

function  Load_Scenario_Callback(hObject, eventdata, handles )
get(handles.atlas, 'userdata’  );

[handles] = guiengine(handles, 'load_cases' );

% --- Executes on selection change in scenario_list box.
function  scenario_listbox_Callback(hObject, eventdata, hand les)
[handles] = guiengine(handles, 'user_select_option' );

% --- Executes during object creation, after settin g all properties.
function  scenario_listbox_CreateFcn(hObject, eventdata, han dles)
if ispc && isequal(get(hObject, 'BackgroundColor’ ),
get(0, ‘'defaultUicontrolBackgroundColor' )

set(hObiject, '‘BackgroundColor’ , 'white' );
end

S
function  mnuFile_Callback(hObject, eventdata, handles)
Oy

function  mnuNew_Querry_Callback(hObiject, eventdata, handles )
delete(gcf);

DST_ATLAS;
Oy
function  mnuLoad_Database_Callback(hObject, eventdata, hand les)
[handles] = guiengine(handles, 'DB' );

% --- Executes on button press in Load_Data Base.

function  Load_Data_Base_Callback(hObject, eventdata, handle s)
[handles] = guiengine(handles, 'DB' );

function  PredKill_Callback(hObject, eventdata, handles)

% --- Executes during object creation, after settin g all properties.
function  PredKill_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, '‘BackgroundColor’ ),
get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );
end
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function  PredHelo_Callback(hObject, eventdata, handles)
% --- Executes during object creation, after settin
function  PredHelo_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

% --- Executes on button press in EnemykKilled.
function  EnemyKilled_Callback(hObject, eventdata, handles)
[handles] = guiengine(handles, 'mean’ );

% --- Executes on button press in Helo_Flights.
function  Helo_Flights_Callback(hObject, eventdata, handles)
[handles] = guiengine(handles, ‘num-flight' );

% --- Executes on button press in DistanceMetric.
function  DistanceMetric_Callback(hObject, eventdata, handle
[handles] = guiengine(handles, 'dist-metric’ );

% --- Executes when selected object is changed in R
function  RunSelection_SelectionChangeFcn(hObiject, eventdata

% -
function  mnuExit_Callback(hObiject, eventdata, handles)

selection = questdig( 'Do you want to close the GUI?'
'Close Request Function’ -
'Yes' ,'No' ,'Yes' );
switch selection,
case 'Yes' ,
delete(gcf)
case 'No'
return
end

% --- Executes on button press in Runl.
function  Runl_Callback(hObiject, eventdata, handles)
[handles] = guiengine(handles, 'SetRunl' );

% --- Executes on button press in Run2.
function  Run2_Callback(hObiject, eventdata, handles)
[handles] = guiengine(handles, 'SetRun2' );

% --- Executes on button press in Run3.
function  Run3_Callback(hObiject, eventdata, handles)
[handles] = guiengine(handles, 'SetRun3' );
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% --- Executes on button press in Run4.
function  Run4_Callback(hObiject, eventdata, handles)
[handles] = guiengine(handles, 'SetRun4' );

% --- Executes on button press in Runb.
function  Run5_Callback(hObiject, eventdata, handles)
[handles] = guiengine(handles, 'SetRun5' );

% --- Executes on button press in AllSqds.
function  AllISqds_Callback(hObject, eventdata, handles)
[handles] = guiengine(handles, 'SquadAll'  );

% --- Executes on button press in Sqd1.
function  Sqdl1_Callback(hObject, eventdata, handles)
[handles] = guiengine(handles, 'Squadl' );

% --- Executes on button press in Sqd2.
function  Sqd2_Callback(hObject, eventdata, handles)
[handles] = guiengine(handles, 'Squad2' );

% --- Executes on button press in Sqd3.
function  Sqd3_Callback(hObject, eventdata, handles)
[handles] = guiengine(handles, 'Squad3' );

function  X1Var_Callback(hObject, eventdata, handles)
function  X1Var_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’
get(0, ‘'defaultUicontrolBackgroundColor' )

set(hObiject, 'BackgroundColor’ , 'white' );
end

function  X2Var_Callback(hObject, eventdata, handles)
function  X2Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’
get(0, ‘defaultUicontrolBackgroundColor' )

set(hObiject, 'BackgroundColor , 'white' );
end

function  X3Var_Callback(hObject, eventdata, handles)
function  X3Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’
get(0, ‘'defaultUicontrolBackgroundColor' )

set(hObiject, 'BackgroundColor’ , 'white' );
end

function  X4Var_Callback(hObject, eventdata, handles)
function  X4Var_CreateFcn(hObject, eventdata, handles)
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if ispc && isequal(get(hObject, 'BackgroundColor’

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );
end

function  X5Var_Callback(hObject, eventdata, handles)
function ~ X5Var_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’
get(0, ‘'defaultUicontrolBackgroundColor' )

set(hObiject, 'BackgroundColor’ , 'white' );
end

function  X6Var_Callback(hObject, eventdata, handles)
function  X6Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’
get(0, ‘'defaultUicontrolBackgroundColor' )

set(hObiject, 'BackgroundColor’ , 'white' );
end

function  X7Var_Callback(hObject, eventdata, handles)
function  X7Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’
get(0, ‘defaultUicontrolBackgroundColor' )

set(hObiject, 'BackgroundColor’ , 'white' );
end

function  X8Var_Callback(hObiject, eventdata, handles)
function  X8Var_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’
get(0, ‘'defaultUicontrolBackgroundColor' )

set(hObiject, 'BackgroundColor’ , 'white' );
end

function  X9Var_Callback(hObject, eventdata, handles)
function  X9Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’
get(0, ‘'defaultUicontrolBackgroundColor' )

set(hObiject, '‘BackgroundColor’ , 'white' );
end

function ~ X10Var_Callback(hObject, eventdata, handles)
function  X10Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’
get(0, ‘defaultUicontrolBackgroundColor' )

set(hObiject, '‘BackgroundColor’ , 'white' );
end

function  X11Var_Callback(hObject, eventdata, handles)
function  X11Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’
get(0, ‘'defaultUicontrolBackgroundColor' )

set(hObiject, '‘BackgroundColor’ , 'white' );
end
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function  X12Var_Callback(hObject, eventdata, handles)
function  X12Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor , 'white' );

end

function  X13Var_Callback(hObject, eventdata, handles)
function  X13Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

function  X14Var_Callback(hObject, eventdata, handles)
function  X14Var_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, 'BackgroundColor’ ),

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObiject, '‘BackgroundColor’ , 'white' );

end

C 3. Function Codes Executed by the GUI (guiengine.m)

As was alluded to in the previous section this cisdiie computing focal point behind
the ATLAS Tool. This code reads in the informatientered by the tool user and
accesses the knowledge base to calculate the cistaatrics and other plots that are a
visual aid to the user. This code also incorparéte ANN that was created by JMP

from the input-output data from the simulation runs

function  [handles] = guiengine(handles,action)

% This is my user defined function where | control my GUI from.
% Here | want to store all userdata that the GUI ne eds.
data = get(handles.atlas, ‘'userdata’  );
%
if (isfield(data, 'k )==1)
k = data.k;
end;
% All these actions are user defined. String names are arbitrary.

switch action

case 'initialize'

axes(handles.lcon);

picture = imread( 'Pics\ATLAS2.jpg’ );
image(picture);
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%

data.

axis off ;

axes(handles.Graph);

picturel = imread( 'Pics\Graphs.jpg’ );
image(picturel);
axis off ;

axes(handles.Resupply);

picture2 = imread( 'Pics\Reorder_Point.jpg' );
image(picture2);
axis off ;

% Initialize to have no run and no squads selected.
data.run = -1;
data.squad = -1;
data.CaseNum = 0;

case 'SquadAll
data.squad = 0;
case 'Squadl’
data.squad = 1;
case 'Squad2’
data.squad = 2;
case 'Squad3'
data.squad = 3;
case 'SetRunl'
data.run = 1;
case 'SetRun2'
data.run = 2;
case 'SetRun3'
data.run = 3;
case 'SetRun4'
data.run = 4;
case 'SetRun5'
data.run = 5;

case 'DB’
data.DB = xIsread( 'Scenario Data.xls' -1);

case 'user_input'
data.Request_from_user = Find_Scenarios(dat
dstructure);

case 'load_cases'
data.Load Cases = LoadCases(data, handles);

case 'user_select option'
option_selected = get(handles.scenario_list
CaselList = str2num(get(handles.scenario_lis
try  %#ok<TRYNC>
data.CaseNum = CaseList(option_selected
end;

case 'mean’
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warning off  %#ok<WNOFF>

axes(handles.Graph);

results_in = xlIsread( 'User Output.xIs' );

ListStr = results_in(1:k,1);

X_axis = ListStr;

y_axis = results_in(1:k,2);

error = results_in(1:k,3);

errorbar(x_axis,y_axis,error, 'srto, L
'LineWidth' 0, ..
'MarkerEdgeColor' K,
'‘MarkerFaceColor'
'MarkerSize'  ,8)

% axis([0 1010 0 1.1))

axis tight

title 'Percent Enemy Killed by Case Number'
xlabel( '‘Case Number' );

ylabel( 'Percent Enenmy Killed' );

grid on

warning on %#ok<WNON>

case 'num-flight'
axes(handles.Graph);
results_in = xIsread( 'User Output.xls' );
ListStr = results_in(1:k,1);
for i=1:k
for z=1:5
fi= '‘C:\Documents and Settings\gtg730n\My
Documents\MATLAB\Helo Flights in Days - 3 sqds\Helo -0
% f1="G:\MATLAB\Helo Flights in Day s - 3 sqds\Helo_-0-

f2=ListStr(i,1);
f2_=numa2str(f2);

f3= ' pos ' ;
fa=z;

f4_=num2str(f4);

f5= csv' g

file = strcat(f1,f2_,f3,f4_,f5);

RR=textread(file, ", 'delimiter’ , ', '‘commentstyle’ , 'shell' );

% Squad 1

S1=sum(RR(;,2)==1);

A(z,1)=S1; %#0k<AGROW>
% Squad 2

S2=sum(RR(:,2)==2);

B(z,1)=S2; %#0k<AGROW>
% Squad 3

S3=sum(RR(:,2)==3);

C(z,1)=S3; %#0k<AGROW>

end
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sl flt = round((sum(A)/5) + .49);
s2_flt = round((sum(B)/5) + .49);
s3_flt = round((sum(C)/5) + .49);
Y(i,:) = [s1_flt s2_flt s3_fit]; %#0k<AGROW>
end
Helo = Y(1:k,1:3);

bar(Helo, 'stack’ );

axis tight ;

title 'Resupply Flights by Squad' ;

xlabel( '‘Case Number' );

ylabel({ 'Amount of Resupply Helos Per Squad' b;
legend( 'Sqd1' , 'Sqd?2' , 'Sqd 3" , 'Location’ , 'Best' );
grid on

case ‘dist-metric'
axes(handles.Graph);
results_in = xIsread( ‘User Output.xls' );
ListStr = results_in(1:k,1);

X_axis = ListStr;
y1 axis = results_in(1:k,5);
y2_axis = results_in(1:k,7);

ed = [x_axis y1_axis];
ED = sortrows(ed,1);
ED1= sortrows(ed,2);

oec = [x_axis y2_axis];
OEC = sortrows(oec,1);
OEC1 = sortrows(oec,2);

% Creates one plot with two y axis
[XA,Y1,Y2] = plotyy(ED(:,1),ED(:,2),0EC(:,1 ),OEC(:,2));
set(Y1, 'LineStyle' T
'‘Marker' ,'s" , ...
'LineWidth' 2, ..
'MarkerEdgeColor' K
'‘MarkerFaceColor' A S
'MarkerSize' ,8)
set(Y2, 'LineStyle' T
'Marker' ,'d" , ...
'LineWidth' 2, ..
'‘MarkerEdgeColor K
'‘MarkerFaceColor' g,
'MarkerSize' ,8);
set(get(XA(1), 'Ylabel' ), 'String' , 'Euclidean Distance'
set(get(XA(2), 'Ylabel' ), 'String' , 'OEC with Weights' )
if ED1(k,2) > OEC1(k,2)
ymax=ED1(k,2) + 25; %#0k<NASGU>
else
ymax=0OEC1(k,2) + 25; %#ok<NASGU>
end
if ED1(1,2) <OEC1(1,2)
ymin=ED1(1,2) - 25; %#0k<NASGU>
else
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ymin=0EC1(1,2) - 25; %#0k<NASGU>

end

% axis([0 1000 ymin ymax])
title 'Distance Metrics from Entered Data'
xlabel( 'Case Number' );
set (get(XA(1), 'Ylabel' ), 'String' , 'Euclidean Distance' );
set (get(XA(2), 'Ylabel' ), 'String' , 'OEC with Weighting' );
legend([Y1, Y2], 'Euclidean Distance' , 'OEC' , 'Location’ , 'Best'" );
grid on

% Creates two plots on the same figure

% axes(handles.Graph);

% subplot(2,1,1);

% plot(ED(:,1),ED(:,2),":sr','LineWidth',0. 5,...

% 'MarkerEdgeColor','k’,...

% ‘MarkerFaceColor','r',...

% ‘MarkerSize',10)

% axis tight;

% title 'Euclidean Distance from Entered Da ta'

% xlabel('Case Number");

% ylabel({'Euclidean Distance'});

% grid on;

%

% subplot(2,1,2);

% plot(OEC(:,1),0EC(:,2),"-.db",'LineWidth' ,0.5,...

% ‘MarkerEdgeColor','k', ...

% '‘MarkerFaceColor','b',...

% 'MarkerSize',10)

% axis tight;
% title 'OEC with User Weights'

% xlabel('Case Number");
% ylabel({'OEC Value'});
% grid on;

% axis tight;
case 'PlotResupply’
end

set(handles.atlas, 'userdata’ ,data);
%% Additional Function Calls

function  Request _from_user = Find_Scenarios(data, handles, DB,
dstructure) %#ok<INUSL>

dim = size(DB,1);

X1 = round(dstructure.X1*2880);
X2 = dstructure.X2*2880;

X3 = dstructure.X3*2;

X4 = dstructure.X4;

X5 = dstructure.X5;

X6 = dstructure.X6*2;

X7 = dstructure. X7*2;

X8 = dstructure.X8;

X9 = dstructure.X9;

X10 = dstructure.X10*2;
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X11 = dstructure.X11/30;
X12 = dstructure.X12;
X13 = dstructure.X13*2;
X14 = dstructure.X14;

cl = dstructure.C1;
c2 = dstructure.C2;
c3 = dstructure.C3;
c4 = dstructure.C4;
c5 = dstructure.C5;
c6 = dstructure.C6;
c7 = dstructure.C7;
c8 = dstructure.C8;
c9 = dstructure.C9;
c10 = dstructure.C10;
cl11 = dstructure.C11;
c12 = dstructure.C12;
c13 = dstructure.C13;
cl14 = dstructure.C14;

k = data.k;

% Execution and evaluation of uncertainty from User via Fuzzy Inference
% System (FIS)

% Open FIS for each variable
x1 = readfis( 'X1'
x2 = readfis( 'X2'
x3 = readfis( 'X3'
x4 = readfis( 'X4'
x5 = readfis( 'X5'
x6 = readfis( 'X6'
X7 = readfis( 'X7'
x8 = readfis( 'X8'
X9 = readfis( 'X9'
x10 = readfis( 'X10" );
x11 = readfis( 'X11' );
x12 = readfis( 'X12"' );
x13 = readfis( 'X13' ),
x14 = readfis( 'X14' ),

N e e e N N N N N

% Evaluate User entry through FIS
C_(1,1)=evalfis(c1,x1);
C_(1,2)=evalfis(c2,x2);
C_(1,3)=evalfis(c3,x3);
C_(1,4)=evalfis(c4,x4);
C_(1,5)=evalfis(c5,x5);
C_(1,6)=evalfis(c6,x6);
C_(1,7)=evalfis(c7,x7);
C_(1,8)=evalfis(c8,x8);
C_(1,9)=evalfis(c9,x9);
C_(1,10)=evalfis(c10,x10);
C_(1,11)=evalfis(c11,x11);
C_(1,12)=evalfis(c12,x12);
C_(1,13)=evalfis(c13,x13);
C_(1,14)=evalfis(c14,x14);
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% Calculate Normalized Weights for OEC
C=C_/sum(C);

% User Input Variables
= [X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14

for i=1:dim
% Calculate Euclidean Distance from Case Entered
enemy(i,1) = sqrt((DB(i,11)-Q(1,11))*2 + (DBJ(i,
(DB(i,13)-Q(1,13))"2 + (DB(i,14)-Q(1,14))"2);
end

% Calculate Predicted % Enemy Killed and Helicopter
Conduct the Mission

PK = (10.024002644252 + -0.971958936043124 * 1/(1+
18.7116487108048) + -9.93632898683372 * ((X1 -
7205.65047518479)/4139.23541383032) .

+-0.111224178706112 * ((X2 - 7302. 14677930306)
0.129210273235375 * ((X3 - 723.970432946146)/414.97

+-0.0871358113104067 * ((X4 - 24.7233368532207
0.222860815617708 * ((X5 - 25.1795142555438)/14.530

+ 0.257795254987707 * ((X6 - 361.198521647307)/
-0.276076427821489 * ((X7 - 60.1636747624076)/34.83

+-0.00419738760839964 * ((X8 - 523.46040126715
276.748638566215) + 0.0763190499706875 * ((X9 - 50.
28.755046445147) ...

+-0.0253727280455679 * ((X10 - 60.017951425554
34.548563956929) + -0.0618174920686842 * ((X11 - 33
19.3328736408942) ...

+0.0493732312494361 * ((X12 - 7.24181626187962
3.90175653998081) + 0.105456479003555 * ((X13 - 60.
34.5003179580264) ...

+ 0.0115968031037884 * ((X14 - 5.00527983104541
2.91002742604659))))) + -0.0156376601574198 * 1/(1+
2.09221815819687) ...

+ 4.48025237502459 * ((X1 - 7205.65047518479)/4
0.918282532903091 * ((X2 - 7302.14677930306)/4107.5
+-4.19354575138397 * ((X3 - 723.970432946146)/
-2.56439387825574 * ((X4 - 24.7233368532207)/14.484
+ 1.84441776990581 * ((X5 - 25.1795142555438)/1
6.35366808197846 * ((X6 - 361.198521647307)/207.644
+ 2.5862789729347 * ((X7 - 60.1636747624076)/34
12.6868223006802 * ((X8 - 523.460401267159)/276.748
+ 1.52106129998419 * ((X9 - 50.104540654699)/28
7.98366669203337 * ((X10 - 60.0179514255544)/34.548
+ 1.83803947347364 * ((X11 - 33.3167898627244)
-3.53429526314043 * ((X12 - 7.24181626187962) /3.90
+2.43123493814063 * ((X13 - 60.7286166842661)
-3.86471557336723 * ((X14 - 5.00527983104541) /2.91
+-4.27711839397722 * 1/(1+ exp(-1*(11.76684553
0.0902967830802342 * ((X1 - 7205.65047518479) /4139
+5.95727196609715 * ((X2 - 7302.14677930306) /
0.10361045517173 * ((X3 - 723.970432946146) /414.97
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12)-Q(1,12))"2 +

%#ok<AGROW>

Flights Needed to

exp(-1*((-

/4107.52040583522) +
8989218406) ...
/14.484500510097) +
3314230908) ...
207.644905153702) +
20893825286) ...
9)/

104540654699) /

4)/
.3167898627244) /

)/
7286166842661) /

)/
exp(-1*((-

139.23541383032) +
2040583522) ...
414.978989218406) +
500510097) ...
4.5303314230908) +
905153702) ...
.8320893825286) +
638566215) ...
.755046445147) + -
563956929) ...
/19.3328736408942) +
175653998081) ...
/34.5003179580264) +
002742604659))))
39837 + -
23541383032) ...
4107.52040583522) +
8989218406) ...



+0.0395481092137692 * (X4 - 24.7233368532207)
-0.00407363207420756 * (X5 - 25.1795142555438) / 1
+0.0340514035582536 * (X6 - 361.198521647307)
+-0.00632427841118012 * (X7 -60.1636747624076) /
+-0.444303118494556 * ((X8 -523.460401267159)
+0.0757763321583199 * ((X9 -50.104540654699) / 28.
+0.0416087612093763 * ((X10 -60.0179514255544)
+-0.0841150837874823 * ((X11 - 33.3167898627244) /
19.3328736408942) ...
+0.0534961829625253 * ((X12 - 7.24181626187962
3.90175653998081) + -0.0762039730505856 * ((X13 - 6
34.5003179580264) ...
+0.0162429789025519 *((X14 - 5.00527983104541)
2.91002742604659)))) + -6.10669851425778 * 1/(1+ ex
1%(5.64078979538522
+0.00359131215482465 * (X1 - 7205.65047518479
+-0.065892707676202 * ((X2 - 7302.14677930306) /41
+-0.334877223152337 * (X3 - 723.970432946146)
+-0.0510557864906132 * (X4 - 24.7233368532207) /
+0.0555239335756663 * (X5 - 25.1795142555438)
+-0.102011513453141 * (X6 - 361.198521647307) / 2
+0.197290497101268 * (X7 - 60.1636747624076)
+0.305992639026365 * (X8 - 523.460401267159) / 27
+-0.0416136823008085 * (X9 - 50.104540654699)
+-0.0756398283433795 * ((X10 - 60.0179514255544) /
+0.156427875701199 * ((X11 - 33.3167898627244)
+1.79518397171281 * ((X12 - 7.24181626187962) / 3.
+0.0404379799100313 * ((X13 - 60.7286166842661
34.5003179580264) + -0.358975139184959 * ((X14 -5.0
2.91002742604659)))) ...

+ 6.63921048304502 * 1/(1+ exp(-1*(1.2616815996
0.0882654281012707 * (X1 - 7205.65047518479) /4139
+-0.022581882089312 * (X2 - 7302.14677930306)
+0.105179866630451 * (X3 - 723.970432946146) /414
+0.024148075937347 * (X4 - 24.7233368532207)
-0.0734284755932574 * (X5 - 25.1795142555438) /14.
+0.087505611408095 * (X6 - 361.198521647307)
0.0741988341005277 * (X7 - 60.1636747624076) /34.8
+3.52257777062392 * (X8 - 523.460401267159) /
0.0711396627565711 * ((X9 - 50.104540654699) /28.75

+-0.0972060435654332 * ((X10 - 60.017951425554
34.548563956929) + 0.102672348119397 * ((X11 - 33.3
19.3328736408942) ...

+0.130771671358677 * ((X12 - 7.24181626187962)
+-0.139681704261056 * ((X13 - 60.7286166842661) /

+0.0236549647484934 * ((X14 -5.00527983104541)
2.91002742604659)))) + -0.585510697852289 * 1/(1+ e
4.68258036209264) ...

+-2.5239424712346 * (X1 - 7205.65047518479) /
0.150087475733876 * (X2 - 7302.14677930306) /4107.

+-2.53284801576807 * (X3 - 723.970432946146)
-0.290447735621779 * ((X4 - 24.7233368532207) /14.4

+0.493779296946835 * ((X5 - 25.1795142555438)
-1.01491283957493 * (X6 - 361.198521647307) /207.6

+-0.536309696410602 * ((X7 - 60.1636747624076)
+0.17424731206661 * ((X8 - 523.460401267159) /276.
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/14.484500510097) +
4.5303314230908) ...
/ 207.644905153702)
34.8320893825286)
/276.748638566215)
755046445147) ...

/ 34.548563956929)

)/
0.7286166842661) /

/
p(-

) 14139.23541383032)
07.52040583522) ...
/414.978989218406)
14.484500510097) .
/ 14.5303314230908)
07.644905153702) ...
/ 34.8320893825286)
6.748638566215) .
/ 28.755046445147)
34.548563956929) ...
/ 19.3328736408942)
90175653998081)
)/
0527983104541) /

1907 +
.23541383032) ...
/4107.52040583522)
.978989218406) ...
/14.484500510097) +
5303314230908) ...
/207.644905153702) +
320893825286) ...
276.748638566215) +
5046445147) ...

4)/

167898627244) /

/ 3.90175653998081)
34.5003179580264)
/

xp(-1*((-

4139.23541383032) +
52040583522) ...
1414.978989218406) +
84500510097) ...
/14.5303314230908) +
44905153702) ...
/34.8320893825286)
748638566215)



+0.38249914401023 * ((X9 - 50.104540654699) /2
0.354045052417262 * ((X10 - 60.0179514255544) /34.5
+-0.129600056245359 * ((X11 - 33.3167898627244
+-0.43828275493555 * (X12 - 7.24181626187962) /3.
+0.274352641123028 * ((X13 - 60.7286166842661)
+0.0919416155651336 * ((X14 - 5.00527983104541) /
2.91002742604659)))) ...

+ 4.84431550905819 * 1/(1+ exp(-1*((-0.87926909
0.0470496718465418 * (X1 - 7205.65047518479) / 413
+0.0603038182066098 * (X2 - 7302.14677930306)
+-0.440762913462218 * (X3 - 723.970432946146) / 4
+-0.0544658750683794 * (X4 -24.7233368532207)
+0.0920820188155522 * (X5 -25.1795142555438) / 14
+-0.12040930678622 * (X6 -361.198521647307) /
-0.123354377326387 * (X7 -60.1636747624076) / 34.8
+-3.4772154442584 * (X8 -523.460401267159) /
0.00511933235499323 * ((X9 - 50.104540654699) / 28
+0.137340277281053 * ((X10 - 60.0179514255544)
+-0.122806512356034 * ((X11 - 33.3167898627244) |
+-0.169852657438889 * ((X12 - 7.24181626187962
3.90175653998081) + 0.206906060517658 * ((X13 - 60

34.5003179580264) ...
+-0.0357812831437477 * ((X14 - 5.0052798310454
2.91002742604659)))) + -2.89544533608445 * 1/(1+ ex
1%(1.43294199872541
+-0.477597116318321 * ((X1 - 7205.65047518479)
+0.344447910975749 * (X2 - 7302.14677930306) /410
+0.0545818513590741 * (X3 - 723.970432946146)
+0.338426109475185 * (X4 - 24.7233368532207) /14.
+0.150812012246556 * (X5 - 25.1795142555438)
-0.10831214937393 * (X6 - 361.198521647307) /207.6
+0.0259190175958278 * (X7 - 60.1636747624076)
+0.68889030090604 * (X8 - 523.460401267159) /276
+-0.0208810140346043 * (X9 - 50.104540654699)
0.0686555637911968 * ((X10 - 60.0179514255544) /34
+-0.0457715789922175 * ((X11 - 33.316789862724
19.3328736408942) + 0.47484073949593 * ((X12 - 7.24
3.90175653998081) ...
+0.0720773663391528 * ((X13 - 60.7286166842661
34.5003179580264) + 1.56622228493644 * ((X14 - 5.00
2.91002742604659)))) ...
+-2.12751010742092 * 1/(1+ exp(-1*(1.812997765
0.0441795647587806 * (X1 - 7205.65047518479) /4139
+-0.0970696777858851 * (X2 - 7302.14677930306
4107.52040583522) + -0.262794093733253 * (X3 - 723
414.978989218406) ...

+ 0.0439872444522603 * (X4 - 24.7233368532207)
+-0.0305438092430749 * (X5 - 25.1795142555438) /
+0.122161927022276 * (X6 - 361.198521647307)
+0.0419181798417392 * (X7 - 60.1636747624076) / 3
+3.12156227204938 * (X8 - 523.460401267159) /
0.217616319837778 * (X9 - 50.104540654699) / 28.75
+-0.106845887243196 * ((X10 - 60.0179514255544
+0.0826485752021084 * ((X11 - 33.3167898627244) /
+0.131647917501276 * ((X12 - 7.24181626187962)
+-0.0629011742662475 * (X13 -60.7286166842661) /

201

8.755046445147) +
48563956929) ...

) /19.3328736408942)
90175653998081) ..
/34.5003179580264)

0341992) + -
9.23541383032) ...

/ 4107.52040583522)
14.978989218406)

/ 14.484500510097)
.5303314230908) ...
207.644905153702) +
320893825286) ...
276.748638566215) +
755046445147) ...

/ 34.548563956929)
19.3328736408942)
)/

7286166842661) /

1)/
p(-

/4139.23541383032)
7.52040583522) ...
/414.978989218406)
484500510097) ...
/14.5303314230908) +
44905153702) ...
/34.8320893825286)
748638566215) ...
128.755046445147) +
548563956929)

4]

181626187962) /

)/
527983104541) /

10915 +
.23541383032)

)/
.970432946146) /

/ 14.484500510097)
14.5303314230908)

[ 207.644905153702)
4.8320893825286) ...
276.748638566215) +
5046445147) ...

) / 34.548563956929)
19.3328736408942) ...
/3.90175653998081)
34.5003179580264)



+0.00947213222242092 * ((X14 - 5.0052798310454
2.91002742604659)))) + -2.42036633869115 * 1/(1+ ex
1%(5.43810756923561

+0.528927389974741 * (X1 - 7205.65047518479)
-0.032938425458737 * (X2 - 7302.14677930306) /4107

+2.70696901108989 * (X3 - 723.970432946146) /
-0.0579523964920225 * (X4 - 24.7233368532207) / 14

+-0.31132332316452 * ((X5 - 25.1795142555438)
+0.272189622464364 * (X6 - 361.198521647307) / 20

+-0.053767720840101 * ((X7 - 60.1636747624076)
+0.590455161096687 * (X8 - 523.460401267159) / 27

+-0.311063738810189 * ((X9 - 50.104540654699)
-0.023866771543419 * ((X10 - 60.0179514255544) | 34

+-0.086144513351825 * ((X11 - 33.3167898627244
19.3328736408942) + 0.239387255449479 * ((X12 - 7.2
3.90175653998081) ...

+-0.0143407048413802 * ((X13 -60.7286166842661
34.5003179580264) + -0.0738218394270471 * ((X14 - 5
2.91002742604659))))) ...

* 27.3336495273715 + 32.4649947201689;

set(handles.PredKill, 'String' , PK)

PH = (23.6141005087954 + 13.8275871669317 * 1/(1+ e
18.7116487108048) + -9.93632898683372 * ((X1 -
7205.65047518479)/4139.23541383032)

+-0.111224178706112 * ((X2 - 7302.14677930306)
0.129210273235375 * (X3 - 723.970432946146)/414.97

+-0.0871358113104067 * (X4 - 24.7233368532207
0.222860815617708 * (X5 - 25.1795142555438)/14.530

+0.257795254987707 * (X6 - 361.198521647307)/
-0.276076427821489 * (X7 - 60.1636747624076)/34.83

+-0.00419738760839964 * (X8 - 523.46040126715
276.748638566215) + 0.0763190499706875 * ((X9 - 50.
28.755046445147) ...

+-0.0253727280455679 * ((X10 - 60.017951425554
34.548563956929) + -0.0618174920686842 * ((X11 - 33
19.3328736408942) ...

+0.0493732312494361 * ((X12 - 7.24181626187962
3.90175653998081) + 0.105456479003555 * ((X13 - 60.
34.5003179580264) ...

+0.0115968031037884 * ((X14 - 5.00527983104541
2.91002742604659))))) + -0.339890141871457 * 1/(1+
2.09221815819687) ...

+ 4.48025237502459 * (X1 - 7205.65047518479)/4
0.918282532903091 * (X2 - 7302.14677930306)/4107.5
+-4.19354575138397 * (X3 - 723.970432946146)/
-2.56439387825574 * (X4 - 24.7233368532207)/14.484
+ 1.84441776990581 * (X5 - 25.1795142555438)/1
6.35366808197846 * ((X6 - 361.198521647307)/207.644
+2.5862789729347 * (X7 - 60.1636747624076)/34
12.6868223006802 * (X8 - 523.460401267159)/276.748
+1.52106129998419 * (X9 - 50.104540654699)/28
7.98366669203337 * ((X10 - 60.0179514255544)/34.548
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1)/
p(-

/4139.23541383032) +
.52040583522) ...
414.978989218406) +
.484500510097) ...
/ 14.5303314230908)
7.644905153702) ...
/ 34.8320893825286)
6.748638566215) ...
| 28.755046445147) +
.548563956929)

)/
4181626187962) /

)/
100527983104541) /

xp(-1*((-

/4107.52040583522) +
8989218406) ...
/14.484500510097) +
3314230908) ...
207.644905153702) +
20893825286) ...
9)/

104540654699) /

4)/
.3167898627244) /

)/
7286166842661) /

)/
exp(-1*((-

139.23541383032) +
2040583522) ...
414.978989218406) +
500510097) ...
4.5303314230908) +
905153702) ...
.8320893825286) +
638566215) ...
755046445147) + -
563956929) ...



+1.83803947347364 * ((X11 - 33.3167898627244)
-3.53429526314043 * (X12 - 7.24181626187962) /3.90
+2.43123493814063 * ((X13 - 60.7286166842661)
-3.86471557336723 * ((X14 - 5.00527983104541) /2.91
+-15.2128423597793 * 1/(1+ exp(-1*(11.76684553
0.0902967830802342 * (X1 - 7205.65047518479) /4139
+5.95727196609715 * (X2 - 7302.14677930306) /
0.10361045517173 * (X3 - 723.970432946146) /414.97
+0.0395481092137692 * (X4 - 24.7233368532207)
-0.00407363207420756 * (X5 - 25.1795142555438) / 1
+0.0340514035582536 * (X6 - 361.198521647307)
+-0.00632427841118012 * (X7 -60.1636747624076) /
+-0.444303118494556 * (X8 -523.460401267159)
+0.0757763321583199 * (X9 -50.104540654699) / 28.

+0.0416087612093763 * ((X10 -60.0179514255544)
+-0.0841150837874823 * ((X11 - 33.3167898627244) /
19.3328736408942) ...

+0.0534961829625253 * ((X12 - 7.24181626187962
3.90175653998081) + -0.0762039730505856 * ((X13 - 6
34.5003179580264) ...

+0.0162429789025519 *((X14 - 5.00527983104541)
2.91002742604659))))+ -0.353174933924453 * 1/(1+ ex
1%(5.64078979538522

+0.00359131215482465 * (X1 - 7205.65047518479
+-0.065892707676202 * ((X2 - 7302.14677930306) /41

+-0.334877223152337 * (X3 - 723.970432946146)
+-0.0510557864906132 * (X4 - 24.7233368532207) /

+0.0555239335756663 * (X5 - 25.1795142555438)
+-0.102011513453141 * (X6 - 361.198521647307) / 2

+0.197290497101268 * (X7 - 60.1636747624076)
+0.305992639026365 * (X8 - 523.460401267159) / 27

+-0.0416136823008085 * (X9 - 50.104540654699)
+-0.0756398283433795 * ((X10 - 60.0179514255544) /

+0.156427875701199 * ((X11 - 33.3167898627244)
+1.79518397171281 * ((X12 - 7.24181626187962) / 3

+0.0404379799100313 * ((X13 - 60.7286166842661
34.5003179580264) + -0.358975139184959 * ((X14 -5.0
2.91002742604659))))

+-17.0460845945044 * 1/(1+ exp(-1*(1.261681599
0.0882654281012707 * (X1 - 7205.65047518479) /4139

+-0.022581882089312 * ((X2 - 7302.14677930306)
+0.105179866630451 * (X3 - 723.970432946146) /414

+0.024148075937347 * (X4 - 24.7233368532207)
-0.0734284755932574 * (X5 - 25.1795142555438) /14.

+0.087505611408095 * (X6 - 361.198521647307)
0.0741988341005277 * (X7 - 60.1636747624076) /34.8

+3.52257777062392 * (X8 - 523.460401267159) /
0.0711396627565711 * ((X9 - 50.104540654699) /28.75

+-0.0972060435654332 * ((X10 - 60.017951425554
34.548563956929) + 0.102672348119397 * ((X11 - 33.3
19.3328736408942) ...

+0.130771671358677 * ((X12 - 7.24181626187962)
+-0.139681704261056 * (X13 - 60.7286166842661) /

+0.0236549647484934 * ((X14 -5.00527983104541)
2.91002742604659))))+ -0.552047701867046 * 1/(1+ ex
4.68258036209264)
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/19.3328736408942) +
175653998081) ...
/34.5003179580264) +
002742604659))))
39837 + -
23541383032) ...
4107.52040583522) +
8989218406) ...
/14.484500510097) +
4.5303314230908) ...
/ 207.644905153702)
34.8320893825286)

/ 276.748638566215)
755046445147) ...

/ 34.548563956929)

)/
0.7286166842661) /

/
p(-

) /4139.23541383032)
07.52040583522) ...
/414.978989218406)
14.484500510097) .
/ 14.5303314230908)
07.644905153702) ...
/ 34.8320893825286)
6.748638566215) .

/ 28.755046445147)
34.548563956929) ..
/ 19.3328736408942)
90175653998081)
)/
0527983104541) /

61907 +
23541383032) ...
/4107.52040583522)
.978989218406) ...
/14.484500510097) +
5303314230908) ...
/207.644905153702) +
320893825286) ...
276.748638566215) +
5046445147) ...

4/

167898627244) |

/3.90175653998081)
34.5003179580264)
/

p(-1*((-



+-2.5239424712346 * (X1 - 7205.65047518479) /
0.150087475733876 * (X2 - 7302.14677930306) /4107.
+-2.53284801576807 * (X3 - 723.970432946146)
-0.290447735621779 * (X4 - 24.7233368532207) /14.4
+0.493779296946835 * (X5 - 25.1795142555438)
-1.01491283957493 * (X6 - 361.198521647307) /207.6
+-0.536309696410602 * ((X7 - 60.1636747624076)
+0.17424731206661 * (X8 - 523.460401267159) /276
+0.38249914401023 * (X9 - 50.104540654699) /2
0.354045052417262 * ((X10 - 60.0179514255544) /34.5
+-0.129600056245359 * ((X11 - 33.3167898627244
+-0.43828275493555 * ((X12 - 7.24181626187962) /3.
+0.274352641123028 * ((X13 - 60.7286166842661)
+0.0919416155651336 * ((X14 - 5.00527983104541) /
2.91002742604659)))) ...
+-6.79711169996982 * 1/(1+ exp(-1*((-0.8792690
0.0470496718465418 * (X1 - 7205.65047518479) / 413
+0.0603038182066098 * (X2 - 7302.14677930306)
+-0.440762913462218 * (X3 - 723.970432946146) / 4
+-0.0544658750683794 * (X4 -24.7233368532207)
+0.0920820188155522 * (X5 -25.1795142555438) / 14
+-0.12040930678622 * (X6 -361.198521647307) /
-0.123354377326387 * (X7 -60.1636747624076) / 34.8
+-3.4772154442584 * (X8 -523.460401267159) /
0.00511933235499323 * (X9 - 50.104540654699) / 28
+0.137340277281053 * ((X10 - 60.0179514255544)
+-0.122806512356034 * ((X11 - 33.3167898627244) |
+-0.169852657438889 * ((X12 - 7.24181626187962
3.90175653998081) + 0.206906060517658 * ((X13 - 60.
34.5003179580264) ...
+-0.0357812831437477 * ((X14 - 5.0052798310454
2.91002742604659))))+ -0.030434410951668 * 1/(1+ ex
1%(1.43294199872541
+-0.477597116318321 * ((X1 - 7205.65047518479)
+0.344447910975749 * (X2 - 7302.14677930306) /410
+0.0545818513590741 * (X3 - 723.970432946146)
+0.338426109475185 * (X4 - 24.7233368532207) /14.
+0.150812012246556 * ((X5 - 25.1795142555438)
-0.10831214937393 * (X6 - 361.198521647307) /207.6
+0.0259190175958278 * (X7 - 60.1636747624076)
+0.68889030090604 * (X8 - 523.460401267159) /276
+-0.0208810140346043 * (X9 - 50.104540654699)
0.0686555637911968 * ((X10 - 60.0179514255544) /34.
+-0.0457715789922175 * ((X11 - 33.316789862724
19.3328736408942) + 0.47484073949593 * ((X12 - 7.24
3.90175653998081) ...
+0.0720773663391528 * ((X13 - 60.7286166842661
34.5003179580264) + 1.56622228493644 * ((X14 - 5.00
2.91002742604659)))) ...
+10.7259322156784 * 1/(1+ exp(-1*(1.8129977651
0.0441795647587806 * ((X1 - 7205.65047518479) /4139
+-0.0970696777858851 * (X2 - 7302.14677930306
4107.52040583522) + -0.262794093733253 * (X3 - 723
414.978989218406) ...
+ 0.0439872444522603 * (X4 - 24.7233368532207)
+-0.0305438092430749 * (X5 - 25.1795142555438) /
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4139.23541383032) +
52040583522) ...
/414.978989218406) +
84500510097) ...
/14.5303314230908) +
44905153702) ...
/34.8320893825286)
748638566215)
8.755046445147) +
48563956929) ...

) 119.3328736408942)
90175653998081) ..
/34.5003179580264)

90341992) + -
9.23541383032) ...

/ 4107.52040583522)
14.978989218406)

/ 14.484500510097)
.5303314230908) ...
207.644905153702) +
320893825286) ...
276.748638566215) +
755046445147) ...

/ 34.548563956929)
19.3328736408942)
)/

7286166842661) /

1)/
p(-

/4139.23541383032)
7.52040583522) ...
/414.978989218406)
484500510097) ...
/14.5303314230908) +
44905153702) ...
/34.8320893825286)
748638566215) ...
/28.755046445147) +
548563956929)

4)/

181626187962) /

)/
527983104541) /

0915 +
.23541383032)

)/
.970432946146) /

/ 14.484500510097)
14.5303314230908)



+0.122161927022276 * (X6 - 361.198521647307)
+0.0419181798417392 * (X7 - 60.1636747624076) / 3
+3.12156227204938 * (X8 - 523.460401267159) /
0.217616319837778 * (X9 - 50.104540654699) / 28.75
+-0.106845887243196 * ((X10 - 60.0179514255544
+0.0826485752021084 * ((X11 - 33.3167898627244) /
+0.131647917501276 * ((X12 - 7.24181626187962)
+-0.0629011742662475 * (X13 -60.7286166842661) /
+0.00947213222242092 * ((X14 - 5.0052798310454
2.91002742604659))))+ -2.11357729109717 * 1/(1+ exp

1%(5.43810756923561
+0.528927389974741 * (X1 - 7205.65047518479)
-0.032938425458737 * ((X2 - 7302.14677930306) /4107
+2.70696901108989 * (X3 - 723.970432946146) /
-0.0579523964920225 * (X4 - 24.7233368532207) / 14
+-0.31132332316452 * (X5 - 25.1795142555438)
+0.272189622464364 * (X6 - 361.198521647307) / 20
+-0.053767720840101 * ((X7 - 60.1636747624076)
+0.590455161096687 * (X8 - 523.460401267159) / 27
+-0.311063738810189 * ((X9 - 50.104540654699)
-0.023866771543419 * ((X10 - 60.0179514255544) / 34
+-0.086144513351825 * ((X11 - 33.3167898627244
19.3328736408942) + 0.239387255449479 * ((X12 - 7.2
3.90175653998081) ...
+-0.0143407048413802 * ((X13 -60.7286166842661
34.5003179580264) + -0.0738218394270471 * (X14 - 5
2.91002742604659))))) ...
* 33.6599984047734 + 34.5860612460401:

set(handles.PredHelo, 'String’ , PH)

% Write out data to Excel files

xlswrite(  'Full Data Base.xls' ,enemy, 'MANA Data Base'

Enemy_Scenario=xlsread( 'Full Data Base.xIs' ,
NearNaber = sortrows(Enemy_Scenario,22);
Output = NearNaber(1:k + 100,);

for i=1:k+ 100
% Calculate Euclidean Distance after finding Enemy
first
dist(i,1) = sqrt((Output(i,1)-Q(1,1))*2 + (Outp
(Output(i,3)-Q(1,3))"2 + (Output(i,4)-Q(1,4))"2 +
(Output(i,5)-Q(1,5))"2 + (Output(i,6)-Q(1,6
Q(1,7)"2 + (Output(i,8)-Q(1,8))"2 + (Output(i,9)-Q
+ (Output(i,10)-Q(1,10))"2 + (Output(i,11)-
(Output(i,12)-Q(1,12))*2 + (Output(i,13)-Q(1,13))"2
Q(1,14))72); %#0k<AGROW>
% Calculate OEC with Fuzzy weights (C) from User In
OEC(i,1) = C(1,1)*(Output(i,1)/Q(1,1)) +
C(1,2)*(Output(i,2)/Q(1,2)) + C(1,3)*(Output(i,3)/Q
C(1,4)*(Output(i,4)/Q(1,4)) + C(1,5)*(Output(i,5)/Q
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/ 207.644905153702)
4.8320893825286) ...
276.748638566215) +
5046445147) ...

) / 34.548563956929)
19.3328736408942)

/ 3.90175653998081)
34.5003179580264)
1)/

(_

/4139.23541383032) +
.52040583522) ...
414.978989218406) +
.484500510097) ...
/ 14.5303314230908)
7.644905153702) ...
/ 34.8320893825286)
6.748638566215) ...
/ 28.755046445147) +
.548563956929)

)/

4181626187962) /

)/
100527983104541) /

V2t

'MANA Data Base' );

Characteristics

ut(i,2)-Q(1,2))"2 +

N2 + (Output(i,7)-
(1,9)"2
Q1,112 +

+ (Output(i,14)-

put

(1,3)) +
(1,5))



+ C(1,6)*(Output(i,6)/Q(1,6)) + C(L,7)*(Out put(i,7)/Q(L,7)) +
C(1,8)*(Output(i,8)/Q(1,8)) + C(1,9)*(Output(i,9)/Q (1,9) +
C(1,10)*(Output(i, 10)/Q(1,10))

+C(1,11)*(Output(i,11)/Q(1,11)) +

C(1,12)*(Output(i,12)/Q(1,12)) + C(1,13)*(Output(i, 13)/Q(1,13))"2 +
C(1,14)*(Output(i,14)/Q(1,14)); %#0k<AGROW>
end

Request_from_user = Output(1:k + 100,});

[Results, Header] = xlIsread( 'Full Data Base.xIs' , 'MANA Data Base' );
xlswrite(  'Query Results.xls' ,Header, 'Query Results' , AL );

xlswrite(  'Query Results.xls' ,Request_from_user, '‘Query Results' , A2 );
xlswrite(  'Query Results.xls' Jdist, 'Query Results' ,'S2" );

xlswrite(  'Query Results.xls' ,OEC, 'Query Results' , ‘U2 );
Scenario2=xlsread( 'Query Results.xls' , 'Query Results' );

NearNaber2 = sortrows(Scenario2,19);

Output_Header = Header(1,15:22);

xlswrite(  'User Output.xIs' ,Output_Header, 'User Output' , AL );
Output2=NearNaber2(1:k,15:22);

xlswrite(  'User Output.xls' ,Output2, 'User Output' , A2 );

% ---- Load Case #'s into the drop down menu list b ox in the GUI ----

function  LoadCases = LoadCases(data, handles)

ListStr = []; %#ok<NASGU>

results_in = xlsread( '‘User Output.xIs' )

ListStr = results_in(1:data.k,1);

set(handles.scenario_listbox, 'String’ , ListStr);
LoadCases = xIsread( 'Query Results.xls' );

Case = data.CaseNum;

for j=1l:data.k + 100

if LoadCases(j,15) == Case
RawCaseOut = LoadCases(j,1:14);
CaseOutl = RawCaseOut(1,1)/2880;
CaseOut2 = RawCaseOut(1,2)/2880;
CaseOut3 = RawCaseOut(1,3)/2;
CaseOut4 = RawCaseOut(1,4);
CaseOut5 = RawCaseOut(1,5);
CaseOut6 = RawCaseOut(1,6)/2;
CaseOut7 = RawCaseOut(1,7)/2;
CaseOut8 = RawCaseOut(1,8);
CaseOut9 = RawCaseOut(1,9);
CaseOut10 = RawCaseOut(1,10)/2;
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CaseOutll = RawCaseOut(1,11)*30;
CaseOutl2 = RawCaseOut(1,12);
CaseOut13 = RawCaseOut(1,13)/2;
CaseOut14 = RawCaseOut(1,14);

end
end
set(handles.X1Var, 'String' , CaseOutl)
set(handles.X2Var, 'String' , CaseOut2)
set(handles.X3Var, 'String' , CaseOut3)
set(handles.X4Var, 'String' , CaseOut4)
set(handles.X5Var, 'String' , CaseOutb)
set(handles.X6Var, 'String' , CaseOut6)
set(handles.X7Var, 'String' , CaseOut7)
set(handles.X8Var, 'String' , CaseOut8)
set(handles.X9Var, 'String' , CaseOut9)
set(handles.X10Var, 'String' , CaseOut10)
set(handles.X11Var, 'String' , CaseOutl1l)
set(handles.X12Var, 'String' , CaseOutl12)
set(handles.X13Var, 'String' , CaseOutl13)
set(handles.X14Var, 'String' , CaseOutl14)
f1= "C:\Documents and Settings\gtg730n\My Documents\MAT LAB\Helo Flights

in Days - 3 sqds\Helo_-0-' ;

f2_=num2str(data.CaseNum);

f3="' pos ' ;

f4_=num?2str(data.run);

f5=".csv'

file = strcat(f1,f2_,f3,f4_,f5);

RR=textread(file, ", 'delimiter' , ', '‘commentstyle

,'shell );

RRnew = sortrows(RR,2);
% Squad 1

S1 = sum(RRnew(:;,2)==1);
sl = 2*S1,;

RR1 = RRnew(1:S1,:);

S1_supply(1,1) = 0;
S1_supply(1,2) = 100;

for t=2:2:51
S1_supply(t,1) = (RR1(t/2,1));
S1 supply(t,2) = 0;
S1 _supply(t+1,1) = (RR1(t/2,1));
S1_supply(t+1,2) = 100;

end

S1_supply(sl +2,1) =7,
S1_supply(sl + 2,2) = 0;

% Squad 2
S2 = sum(RRnew(;,2)==2);
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S2 = 2*S2;

start2 = S1 + 1;

end2 = S1 + S2;

RR2 = RRnew(start2:end2,:);

S2_supply(1,1) = 0;
S2_supply(1,2) = 100;

for t=2:2:52
S2_supply(t,1) = (RR2(t/2,1));
S2_supply(t,2) = 0;
S2 supply(t+1,1) = (RR2(t/2,1));
S2_supply(t+1,2) = 100;

end

S2_supply(s2 + 2,1) =7,
S2_supply(s2 + 2,2) = 0;

% Squad 3

S3 = sum(RRnew(:,2)==3);
s3 = 2*S3;

start3 = S1 + S2 + 1,

end3 =S1 + S2 + S3;

RR3 = RRnew(start3:end3,:);

S3 supply(1,1) = 0;
S3_supply(1,2) = 100;

for t=2:2:s3
S3_supply(t,1) = (RR3(t/2,1));
S3_supply(t,2) = 0;
S3 _supply(t+1,1) = (RR3(t/2,1));
S3_supply(t+1,2) = 100;

end

S3 supply(s3 +2,1) = 7;
S3_supply(s3 + 2,2) = 0;

%p-----~ Plot Squad Resupply History-------
s = data.squad;

if s==1;
axes(handles.Resupply);
x_axis = S1_supply(:,1);
y_axis = S1_supply(:,2);
plot(x_axis,y_axis)

title 'Resupply Schedule History for Squad 1'
xlabel( 'Time (Days)' );
ylabel({ 'Resupply Level' b;
grid on;
elseif s==2;

axes(handles.Resupply);
X_axis = S2_supply(:,1);
y_axis = S2_supply(:,2);
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plot(x_axis,y_axis)

title 'Resupply Schedule History for Squad 2'
xlabel( 'Time (Days)' );
ylabel({ 'Resupply Level' b;
grid on;
elseif s==3;

axes(handles.Resupply);
X_axis = S3_supply(:,1);
y_axis = S3_supply(:,2);
plot(x_axis,y_axis)

title 'Resupply Schedule History for Squad 3'
xlabel( "Time (Days)' );

ylabel({ 'Resupply Level' b;

grid on;

elseif s==0;
axes(handles.Resupply);
x1 =S1_supply(;,1);
X2 = S2_supply(:,1);
x3 = S3_supply(;,1);

y1l =S1_supply(:,2);
y2 = S2_supply(:,2);
y3 = S3_supply(:,2);

plot(x1,y1,x2,y2,x3,y3)

title 'Resupply Schedule History for All Squads'
legend( 'Sqd1' , 'Sqd2' , 'Sqd 3" , 'Location’ , 'Best' );
xlabel( 'Time (Days)' );
ylabel({ 'Supply Level (%) b;
grid on;
end
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Appendix D
BACKGROUND RESEARCH

D 1. ANN Biological Architecture

Biological neural networks are made up of a vasintjty of neurons, which are
the fundamental units of the nervous system. Adividual neuron is a simple
processing unit that receives and combines sigimaia other neurons through input
paths called dendrites. Dendrites are bunchedhegato highly complex dendrite trees
which are connected with the main body of the nemi& When a neuron reached a
specified threshold level, the neuron fires andtelzal signal along a single path called
an axon. Neurons are connected to one anotharghrihhe axon and adjacent dendrites
via a connection called the synapse. A singlearepotentially may have between 1000
to 10,000 synapses and connected with thousandgwbns [61]. An example of a

neural connection is shown below.

Figure 73: Representation of a Biological Neurah@action - Adapted from [44]
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The signal transmitted via the synapse carries ssawtrical charge and as stated before
in order to fire onto another synapse, must meetesthireshold value [4]. This signal or
charge is known as a neurotransmitter and will eaupostsynaptic potential to occur.
This potential will either be excitatory (more pgog) or inhibitory (more negative) [61].
Decoding at the synapse is accomplished by temgaramation and spatial summation

as shown in the figure below [4].

Figure 74: Summation at the Synapse (Adapted feddin [

The output signal can either be a single pulseequence of pulses at a particular rate
and is transmitted to the axonic endings via tHks @xon. Once this signal appears at
the synapse, an electrical charge is generate@. nfdgnitude of the charge depends on
the incoming signal calculated, which in a way 8eghting factor associated with some
input. This factor is generally not constant o&dong period of time and is managed by
the potassium ion flow which in turn changes thégivefactors of the electrical signals
send and processed in the neural pathways [61].

All neurons do not perform the exact same functorin the same way. The
body is made up of many diverse neural pathwayshich neurons may only activate a
small subset of the genes within them. The diveegmbility adds to the complexity of

neural networks, but all neural networks exhibitaa properties, namely [61]:
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Parallel connections between many neurons
Parallel connections have a feedback mechanisrih&w neurons and themselves

Neurons may excite other neurons while at the samme inhibiting the
functioning of others

Some parts of the network may be existing and pezlwvhereas other my be
evolutionary

The output is not necessarily binary in nature
They are asynchronous in operation

They have a deliberate synchronizing mechanism twgdports their vital
functions

They execute a program that is fully distributed ant sequentially executed
Neural Networks do not have a central processay throcess things in a

distributed fashion

D 2. Biologically Inspired Neural Networks

Some say there is a universal language that camdberstood by all, but it is not
language in the context of spoken word, it is matigcs. Many things man has found in
nature inspire the development of systems or psasesimilar to or duplicating the
abilities of natural processes. The body’s nepratessing power is no different and has
been the subject of intense study by researchers@antist as of late. The architecture
of the man made neural network is composed of geieg elements with characteristics
such as inputs, weighting factors, activation, atgpand bias. Neural networks attempt
to learn, recall, associate, and continuously compsew information with existing
knowledge or data [61]. They also attempt to dgssew information or inputs into

existing categories or create new ones if necessatfiyh this in mind the process is then
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data driven and data is required to model the enment being investigated. Before the
author gets ahead to the implementation and uitzgphase, a basic understanding of
the modeling and mathematics behind neural netwsrteqquired.

The processing element of a neural network is thgical neuron (AN).
Unfortunately since a biological neuron is quitengdex, only a primitive version of an
actual neuron has been replicated to date. A geA&t has a set of N inputs;,, where
the subscript takes values from 1 to N and dictates the soufrt¢leoinput signal. Each
input variable is weighted before reaching the pryrmprocessing element of the neuron
by a weight factory; i.e. X is multiplies byw;. In addition an AN may have a bias term
Wo, a threshold value | that must be achieved before the neuron wilivat#i or fire, a
function ) that tends to be non linear in nature that aotthe produced signaR(), and

finally an output. A mathematical representatiba @aeuron model is shown below:

Figure 75: Mathematical Representation of Neuron [61

The transfer function of a basic neuron model scdbed by the equation

O =f W, X; Equation 15
j=1
and the neuron firing condition is

W, X 2 g Equation 16
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with i signifying the neuron being looked at gniepresenting inputs for other neurons.
The nonlinear functionfj, helps to insure that the neurons response isdesuim the
sense that when large or small activating stimatuo the neuron is controllable by
dampening or conditioning the signal. In the bgatal arena, conditioning occurs
continuously and by all input sensors throughoatlibdy or system being affected by a
particular action signal. Several transfer funtdiccan and are used to represent this
activity with the logistic sigmoid or “squish” fution being the most popular.

The squish function is very popular because itas@nts a nonlinear space, is
monotonic, bounded, and has a simple derivativihedunctions may also be used such
as the linear and step function. The figure beldspicts a few popular functions

available to the neural network designer.

Figure 76: Different Types of Transfer Functiorstep, Sigmoid, and Linear [111]
The step function is non monotonic (with a discouity at the origin) and thus difficult
to differentiate. It is however linear within itgper and lower bounds. All bounds are
user defined for any option used to represent thigram function component. The

“squish” function is represented by the following:

1

output= Equation 17

Wi X +Wo

1+e
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and always has an output between zero and onegative one and one, depending on
the designer setup. The linear threshold funcitows for the summation of inputs and
weighting without the discontinuity at the pointioflection like the step function.

Since the sigmoid function is the most common tgp&ansfer function used an
in depth overview will be given here. Before thé& occur though, an understanding of
the topology of ANN must be understood. ANN’s dehsof many neurons
interconnected in certain ways to facilitate a abkiresponse. These can range from
fully connected to selected connections based emé#étwork design. ANN’s are made
up of several components, the input layer, thednddyer or layers, and the output layer.
The input layer consists of the input variabled thidl be used to aid in the training and
ultimately drive the outcomes of investigative wities in finding a solution to other
problems. The hidden layer is where the regresaimatysis occurs and the input data is
fit to a mathematical equation based on training.dd@here can be more than one hidden
layer, but often times one is enough. It has Heend that when a problem reaches
some level of complexity, a neural network willeftbe more efficient with two smaller
hidden layers instead of one large hidden layel. [10he output layer is where the
designer will get their responses to the specifobfem being investigated. A diagram of

a typical topology is shown below.
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Figure 77: Multilayer Feed-forward Neural Network

Guidelines for determining what the best topology how many hidden layers there
should be, or how many nodes in a layer are saitald ambiguous. They are either
heuristic or based on simulations derived from teédiexperiments [148]. The network
in Figure 77 idully connected That is, every node in a particular layer reesiinputs
from every node in the preceding layer and projéstoutputs to every node in the
following layer [111]. For example in the netwoabove, layer k = 2 receives inputs
from every node in layer k = 1 and also outputsvery node in layer k =3 = L.

With a basic understanding of the general topolagy,in depth look at the
processing portion of the network can be describ@the sigmoid function, as stated
before, is the most common transfer function widibecause of its unique properties. It
is used to calculate the value for each of the énddodes by applying the sigmoid

function to a linear function of the input variab®6], as shown below.
N

H =S a + (b”. xi) Equation 18

i=1

Where:g is the intercept term for th® hidden node

b; is the coefficient for thé"idesign variable
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X; is the value of thé"idesign variable
H; is the value of thé"jhidden node

andN is the number of input variables

The response is calculated using a linear fundtiahdepends on the value of the hidden
nodes with Equation 5. This equation is for theagal case of k responses. Coefficients
Cx anddy are scale factors that represent the interceptaamailtiplicative scalar on the
interval [0,1] respectively

R =¢, +d, ek"'NH (fijj) Equation 19
i=1
Where ¢ is the response scaling intercept term for thedsponse
dk is the responsscaling coefficient for th" response
e is the intercept term for thé'kesponse
fi is the coefficient for thé"jhidden node and'kresponse
H; is the value of théjhidden node (defined above)

andNy is the number of hidden nodes

Equations 3 - 5 can be combined to create thewoilg unified form of the neural
network equation for function approximation.
Ny 1
R =c¢ +d, g+ f ik

j=1 - g +:1(Qj X;)

Equation 20

Where:c is the response scaling intercept term for thedsponse
dk is the responsscaling coefficient for th" response
& Is the intercept term for théhkesponse
fi is the coefficient for thé"jhidden node and'kresponse

g; is the intercept term for th8 hidden node
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bj is the coefficient for thé"idesign variable
X; is the value of thé"idesign variable
N is the number of input variables

andNy is the number of hidden nodes
The six coefficientsq, b, c, d, eandf above) are modified to fit the training set aslwel
as possible, minimizing the sum square error (S8Epean square error (MSE) of the
training set, depending on the training algorittetested. That is, fok responsef and
N design variablesX, the neural network equation can be developed dbgcsng a
number of hidden noddsy and determining values for the unknown scalingfeoents
a, b, c, d, eandf over the limits of summation illustrated in Eqoatié. The process by
which the scaling coefficients are determined idedatraining the neural network, and
typically occurs through back-propagation of errtinsough the structure of neurons
called a network [138]. The training process cantime intensive due to the large
number of unknown coefficients.

Neural networks can also be utilized for classtfaaproblems. The output layer
for the neural network consists of another layelogistic sigmoid nodes instead of the
linear transfer function used for function approatan [56]. The number of nodes in the
output layer depends on the number of discreteoresgs (1 node per discrete response).
Thus, each output node is a logistic sigmoid functf a summation of logistic sigmoid

functions as shown below [56].
Qutput =S ¢, + | dy S a;+ _ (bij Xi) Equation 21

Expanded out the equation becomes the following,
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Output =
Equation 22

1+e 1l+e

Where:g is the intercept term for th® hidden node
bj is the coefficient for thd"idesign variable of th'jhidden node
X is the value of thé"idesign variable
N is the number of input variables
c is the intercept term for thé'kesponse
dy is the coefficient for thé"jhidden node and'koutput node

andNy is the number of hidden nodes
The resulting output nodes of the classificationraknetwork are therefore between zero
and one as opposed to the output of the functipnopmation neural network which can
take on any value. The four coefficiengs o, candd) are modified to fit the training set
by minimizing the sum square of errors. The tragnset generally is converted to zeros
and one’s before the training process is implentente

The learning process for artificial neural networksan area of intense research
today. Biologist, engineers, behaviorist, etc eoastantly trying to dissect how the
human brain is able to process so much informadioh pass on that information in an
efficient manner. Learning can generally be désclias the process by which something
is able to adapt itself to stimulus, and eventuaftgr making the necessary adjustments
is able to produce a desired response [61]. Taer¢hree methods of learning in neural

networks; they are supervised training, unsupeavisgning, and reinforcement training.
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Supervised training employs a “teacher” to aidhia training of the network by
telling the neural net what the desired responseildhbe to a particular stimulus. A
learning algorithmis a prescribed set of well-defined rules for héag of a neural
network. There are many types of learning algorghthe common goal of learning is
the adjustment of connection weights. A block daagibelow represents a typical flow of

supervised learning.

Figure 78: Supervised Learning Model for ANN [108]
Through this process the environment is exposedhéo teacher and the learning
environment through a vector of inputs. The teachable to, based on experience or
other abilities, determine what the correct respotts the inputs are. The learning
environment also outputs what it thinks the “corfemswer is according to the inputs.
A comparison is made between the two outputs andriaor signal is generated. This
error signal is used to adapt the weights and atiy “trains” the network to attempt to
generate an output that is within a prescribedreoi@rance assigned to the network.
The important principle for this method of trainiisgthat supervised learning requires an

input and a corresponding desired output for theshmd to function [108].
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Sometimes supervised training is not practicapossible, thus the method of
unsupervised training can be utilized. This metsdimilar to the supervised method
except there is no teacher. It is analogous toesom self teaching themselves through
whatever method works best, often times trial amdreor some other methodology to
guide the network. This is represented by thekothagram below with the adaption rule

block. Here the reader will also see the entigupervised method model.

Figure 79: Unsupervised Learning Model for ANN [108]
There is no teacher involved in this process aedatitaption rule is employed to adjust
the weights of the learning system. As should bbaaus, selection of the adaption rule
or rules is a critical step and should be choseahimmplemented by the designer after
gaining a thorough understanding of the problemdp@&ivestigated.
Reinforcement learning is where some form of datas usually not given, but

generated by an agent's interactions with the enment. At each point in timg the
agent performs an actiop and the environment generates an observatiaand an

instantaneous cost, according to some (usually unknown) dynamic.
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Figure 80: Reinforcement Learning Model for ANN [25]
The aim is to discover policy for selecting actions that minimizes some measiire
long-term cost, i.e. the expected cumulative cote environment's dynamics and the
long-term cost for each policy are usually unknownt can be estimated [5]. More
formally, the environment can be modeled as a MaiRetision Process (MDP) with
states §...., & S and actions;a.., a A with the following probability distributions:
the instantaneous cost distributiB(t; | ), the observation distributioR(x; | &) and the
transitionP(s + 1 | S,&), while a policy is defined as conditional distrilon over actions
given the observations [5]. Taken together, thesedefine a Markov Chain (MC) where
the aim is to discover a policy that minimizes tost; i.e. the MC for which the cost is
minimal.

In neural networks there are there are many typaesethods used for training,
that are used to describe the type of network betiliged. A general overview of the
types can be seen in [5] or in Chapter 3 of [6lill briefly go over the feed forward
and feed back or back propagation networks. A feedard structure means that there

are no connection loops that would allow any owpiat feed back to their inputs
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(indirectly) and change the output at a later tjafel]. This type of network implements
a static mapping that depends only on its presgnits and is completely independent of
previous system states. Back propagation is, hytfi@ most popular and commonly
used network. This term refers to two distingughpoints. First, it is a method that
calculates the derivative of the network trainimgoewith respect to the weights by an
application of the chain rule. Second, it des®ilaetraining algorithm, equivalent to
gradient descent optimization, for using those wd¢ites to adjust the weights to
minimize the error. This method and subsequerg tyfpnetwork is largely responsible
for the renewed interest in neural networks inrthid 80’s [111]. Its breakthrough was
that it demonstrated that “layered networks ofed#htiable nonlinearities could perform
useful, nontrivial calculations and that can offer some implementations) attractive
features such as fast response, fault toleratton ability tolearn from examples, and
some ability to generalize beyond the given trgrdata” [111].

Unless the network is perfectly trained, the neastivork outputs will vary from
the desired outputs. The measurement error isdkefunctiong, which can consist of
many ways to measure. Typically used is the sunaregl error (SSE) function shown
below:

e:% (dpi - Y, )2 , Equation 23

p i
wherep represent the patterns in the training set amepresents the output nodes, and
dpi andyy; are the expected output and the actual outpuypeatisely, for thei™ output
node on the" pattern [111].

Perhaps, the most primary significance of a nenealvork is the ability to learn

the incoming information and to improve the perfarmoe of processing information. The
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term learning refers to many concepts by various viewpoints, iamsl difficult to agree
on a precise definition of the term. How it thas \earn is still a question that remains
unanswered. Johnson gives a very good overvig@6inof several types of optimization

based training algorithms available in MATLAB.

D 3. Additional Review of Fuzzy Logic / Fuzzy Sets

Fundamental to fuzzy sets are the notion of uniotersection, and complement as
defined similarly to classical set theory. Theziyaunion or disjunction (OR), fuzzy
intersection or conjunction (AND), and fuzzy compknt (NOT) are defined as classical
operators for these functions respectively: ORiax AND = min, and NOT = additive

complement [78]. The union of two fuzzy sets A d@dvith respective membership
functionsfa(x) and fg(x) is a fuzzy set C, written as C = & B, whose membership
function is related to those of A and B by:

fo(X) = Max [fa(X), fs(X)], x X Equation 24

or, in abbreviated form

fc =fa yig. Equation 25

Note that union has the associative property, ithhaA U (B yC) = (A yB) yC. The

union of A and B is the smallest fuzzy set contagnboth A and B. More precisely, if D
is any fuzzy set which contains both A and B, thexlso contains the union of A and B.
The notion of an intersection of fuzzy sets cardened in an analogous manner. The

intersectionof two fuzzy sets A and B with respective membgrdlanctionsfa(x) and
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fa(x) is a fuzzy set C, written as C = A B, whose membership function is related to
those of A and B by:
fc(X) = Min [fa(X), fs(X)] wherex X Equation 26
or, in abbreviated form,
fc=fa fa. Equation 27

As in the case of the union, it is easy to show tha intersection of A and B is the

largest fuzzy set which is contained in both A &dAs in the case of ordinary sets, A

and B are disjoinif A B is empty. Note that, like y, has the associative property.

The complement of a fuzzy set A is denoted by A iardefined by:
fa, =1 -fa. Equation 28

Most fuzzy problems have rules generated based stregperience to guide the solution
to a correct output. This environment is called thzzy inference system (FIS) and
consists of rule statements in the formlf(input fuzzy condition) THEN (output fuzzy
assignment)where the output designates a fuzzy value regulftom a causal
relationship between the input and output fuzzys 4805]. The input and output
conditions are called the antecedent and consequesgectively. Before generating
these IF-THEN rule statements one should knowha&lihput to output relationships in
fuzzy terms. Simplification of these rules to tlogvest level is also desired so as to
reduce the level of complexity or possibility ofigg down the wrong path for a solution.
If a rule does not fire, i.da(X)=0, the rule does not participate in the inferencehef
system as a whole.

The resulting output is useful in that it contaomdy qualitative information, most

of the time though the output of a fuzzy system tesquantitative in the form of a crisp
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value. The process to convert the fuzzy output wisp one is calledefuzzification
Several techniques have been developed to perfueptocess, but the three most used
are the weighted average (self explanatory), mdamaxima (the maximum output is
selected), and the most common method, centereafsaffinds the output’s center of
mass) [61]. For mean of maxim method, given apuufuzzy sety = v (a) defined in
universeA of the variablea, the defuzzified output of several points (if thexist) for
which the membership function is at its maximuntaken to be the mean of all the
output values where the membership function is aimmam. It is represented by the

equations below:

Yit = min(bl 1y (b) = ma)‘(”v (a)))
Y = max(b | m (b) = max(m (a))) Equation 29

_ yinf + ysup
Ymom >

The disadvantage of this method is that small chang the system inputs can cause
large movements in the defuzzified outputs [81lor Ehe center of areas method, the

defuzzified outpuycoais given by the following equation [105]:

axy v
Yeon = Equation 30
AY v

If the output universe A is discrete the integrgdressions are replaced and the resulting

eqguation is shown below [140]:

axy
Yeon = A—Y Equation 31

A
This method usually requires high computationabueses and edge effects where a

value that is very high when activated tends tovdtee center of area towards itself [81].
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Appendix E

E 1. Applications of Nonlinear Methods and Techniques

The following section investigates some of the giegechniques in forecasting
and prediction analysis in use today. In the realrangineering the term forecasting is
generally associated with the assessment or impacew technologies or decisions
made based on a proposed future plan. Generadsetiplans consist of where the
company might be heading with a new design, itdrei@soutcome, and of course a
successful and profitable product with on time\d&ly. Much of the forecasting here is
driven by expert opinion, but there is also a Idt data driven analysis that is
accomplished by implementing some form of codinget these codes must rely on
predicted impacts of say technologies that mayexadt yet. As in the case of aircraft
design, this may consist of such things as a tdolggadhat provides a greater thrust to
weight ratio, increased fuel efficiency, or reduegadissions.

In the business world forecasting deals with praticcustomer needs as early as
possible, sometimes even before the customer kovdecides they need the product.
Much of this forecasting is data driven and is agplished through surveys, past demand
history, and sometimes expert opinion on how wedr@duct, generally a new one, will
perform in the market. Forecasting, particularlythwneural networks, has been
performed in the areas of image processing softwstoek market prediction, engine
management, currency risk management, automaptaae landing systems, and power

management on a regional and national scale. i$his kndless in application areas.
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In the manufacturing or operations management enmient, supply chain
forecasting and prediction on expected demand ¢smplished with various methods
depending on the available data and volatility it tlemand environment. There are
tools available that can allow analysts to makecatkd decision between the trade offs
of “doing too much” or “doing too little” when fadewith important ordering decision.
For example consider a technology product thatahlasg lead time on components and
it has a short shelf life because new technologkama@ obsolete very quickly. Purchase
too much and the company will likely be forced tll sts obsolete technology at a
reduced price or take a complete loss. Buy tdke liand like IBM experienced in the
early 1990’s with it's unexpected popular laptopad the loss comes in the form of
profits; in IBM’s case it was estimated to be $I0illion in demand [17]. One such tool
to aid in this decision making process is Nevsvendor Modgit will be discussed later.
Predicting anything in the future is a game of deatihat will always be difficult. There
are no concrete qualifications in terms of schaplor training that qualifies one to
perform it well. Often time in the business woitldakes someone to make a decision to
put themselves or their company out on a limb amngedowards a goal to effect change
and progress. Sometimes the result is successy tithes a complete failure and
possibly the dissolving of a once successful compaivike forecasting, prediction
capabilities are also based on information to ghe decision maker a better chance at

being right.

E 2. Financial Markets Forecasting

If there is one area in the world that has an ahood of data it is the financial

market. This market covers any thing a personctcthihk of that has a financial impact.
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Stock prices, interest rates, exchange rates,dsitdond rates, currency risk, etc. When
it comes to money, much is documented and poured lmy analyst looking to somehow
decipher the evasive solution to performing wellhia financial arena. A brief overview
of this area is warranted because it has a simfgironment to that of military logistics.

Military logistics can sometimes be very stablasathe interest and bond rates in
the U.S. set by the Federal Reserve (Fed). ShkbhAnhges are made here and there
depending on other events occurring globally, matily, and sometimes locally. The
Fed seeks to affect monetary policy, while the goveent affects fiscal policy; they have
an inverse relationship to try to balance and kibepeconomy rolling along smoothly.
Those involved with the futures market try to aetely predict the prices of such
commodities as oil so as to buy low and sell htghhs making a profit. The military is
the Presidents action arm in reacting and detedargerous action against the US and it
allies. Providing the resources to the military isas capable is very similar to the
balancing act the Fed and the government perfodrnsathe dilemma faced by the DOD;
predicting where the next global instability mighe so as to be ready to act and if
possible prevent it before it occurs.

Then there are those in the financial markets thate their fortunes on large,
short, and quick transaction. Quick decisions rbestnade on any and all available data;
much of it is vague, incomplete, and raw in thessenf likely not very old. The outcome
generally for those involved is to win big or toséobig, a very volatile environment.
This is comparable to the environment military Bgcsometimes face during natural

disasters or as in today’s world unforeseen actebgrist or radical extremist intent on
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inflicting harm to the U.S. A look at how exchangdes and currency risk can be
managed will be conducted see how an environmett gsi this might be approached

In the past forecasting exchange rates was atteimadinear time series models.
Over the course of time it was postulated and pra¥yat this approach was incorrect
because exchange rates, especially in today's eyemnying global financial markets,
now exhibit non linear characteristics. Back pgaieon neural networks (BPN) have
become a popular method for approaching the magladinthis environment. The
authors of [69] applied this technique along witlaatic modeling with better predictive
capabilities than with traditional statistical matls. The authors of [20] offer a
modification to the BPN by incorporating a fuzzyerval architecture they call Fuzzy
BPN. In this method the membership function israbterized by a Gaussian distribution

in the form [20]:

2
X-C

s Equation 32

N

1 -

e
J2ps

wherec indicates the mean of the weekly exchange rate arepresents the standard

f(x;c,s)=

deviation of the weekly exchange rates. An illastm of this forecast environment is

shown in the figure below.
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Figure 81: Fuzzy BPN Properties for Forecastingharxge Rates [20]

To test their model the authors had at their digptse bilateral exchange rate
between the US Dollar and the New Taiwan Dollartfa time period between January
of 1993 and October of 2006; this included 3425%coleions. The ultimate goal was to
predict the next following weeks 5 day trading exulpe rate. The model is set up as a
three layer feed forward network and is trainechgsa back propagation algorithm.
There are up to two hidden layers allowed with hiddlen nodes varying for one layer
between 5, 15, 30, 50, and 100 and the second iarging between 5, 15, and 30.
Training is accomplished with 75% of the sampleadatd testing is performed with the
remaining 25%. In the end the authors compareriban square error of their proposed
methodology, the original BPN, and another modédedaAR-GARSCH. The accuracy
of their model is higher than the other two, butil less than to be desired; only coming
in at 83% with their training data and a high oP@With their testing data. Despite its

poor performance, overall the model performed wethpared to others proposed.
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E 3. Forecasting in Dynamic Environments-The Power Indusy

This final area of exploration continues with therhe of being comparable to the
dynamic environment of military logistics. The pamwindustry is another entity where
there is an abundance of data on usage and producies. Load forecasting, an
activity conducted on a daily and sometimes hobdgis, is an attempt by the power
industry to plan ahead for times of peak demandsleaiter allocate their resources to
avoid disturbances for customers [7]. If this tagke to be automated it would allow the
Utilities, which are linked through a national gtiol shift resources from area of low
expected demand to those of higher expected demiamebuld also allow companies to
“sell” excess power producing capacity to other pames thus cutting down on
everyone’s over all cost because the necessityrafng on very expensive emergency
generators available to meet fluxes in demand wdiaddminimized. Most utility
companies still use a human in the loop decisiokem#o forecast demand [7]. To
conduct this predictive analysis factors such a&stime of day, day of the week, the
current weather conditions (humidity, wind speddud cover, temperature) and whether
it is a holiday or not are considered [7]. Thehaus$ of [7], [63], and [72] have proposed
a variety of method utilizing ANN alone in the aastandard day forecasting and using
NN with fuzzy inference systems where holidays@mecerned. The reason for the two
approaches is that for a standard regular day (@&sekr weekend) there exist a vast
amount of historical data and trends to draw oms ththeoretically providing the
information needed to train and test a neural nkwaystem. When holidays are
concerned there are limitations in knowledge witlbraalous load condition, thus it is

difficult to obtain a sufficient data set for theNNo learn those peculiar load profiles.
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Moreover, ANN alone cannot deal with the qualitatknowledge and experience of the
human forecasters who provide accurate forecastisigts for these “special”’ days [72].

The first methodology for regular day forecastings han architecture that is
described as follows. There are 24 tightly coupidl one for every hour of the day.
Each network consists of 12 inputs (4 weather patars for three cities being analyzed),
two to five hidden nodes, and one output. Eachialenetwork is fully connected with its
two closest neighbors, thus each node receiveslditianal input from the previous and
the next hour weather conditions of the trainingada This in effect encode two
overlapping three hour weather trends, making ti@uw unit “aware” of a five hour
weather trend around the hour it is analyzing.sHichitecture has the effect of reducing
the number of connections to 1776 instead of 13B8&#would occur in a fully connected
network; a reduction in connection weights by atdacf 10 [7]. Three separate
networks were created with differing amounts ofornfation for the time period of
March 1985. The table below summarizes this infdrom and the results.

Table 22: Results from Load Forecasting for ANNnhalo

Neural Data Used Convergence Reached Accuracy within
Network (# of epochs) 5% of target value
All inputs minus day, 0
Net 1 of the week 10500 79%
Net 2 All inputs 9800 94 %
Net 3 Temperature only| Reached stopping criter08( 85%

A review of the table above shows some interestasglts. One would have expected
the rank to be Net 2, Net 1, and Net 3 in ordemadfuracy. The authors of [7] found that
this was likely because there were only three weg&aevorth of data in the training data
available and that although Net 1 did perform betts forecast were very erratic at

times and showed sharp fluctuations. Of noteguiarities in the outputs that seemed
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odd actually pointed the designers to data thatldeaah errantly entered into the training
data file as a result of human error.

The most interesting methodology application fog power industry segment is
conducted in [63]. The goal of this architectugea predict holiday usage where demand
is lower due to the fact that many businesses dilmséhe day. The FIS is created by
using a variable called load difference which measuhe difference between a typical
day and past measurements of a holiday’s usage d&ia variable uses are typical load
difference maximum (TLD) and minimum, variance o&d difference (VLD) maximum
and minimum and load difference (LD) maximum anaimum. Here a fuzzy inference
system is generated with fuzzy input variables #mahgular membership functions
resulting in 121 fuzzy rules. In this process eddbad curves are utilized to aid in the
training process of the fuzzy neural network. EwKN was trained using an error back
propagation algorithm with an adaptive learning ramd momentum [138]. The training
procedure was terminated if the maximum of theydaueraged error, as calculated by
Equation 24 was less than 1%. An attempt to aweweier fitting or under fitting was
sought by varying the stopping criteria between%.and 2 % [63]. Results from this
architecture were very promising in that the nagdinrelationships from special holidays
were substantially captured through the use of zzyfunference system and neural
network. A look at the Korean Thanksgiving holiddyowed an average forecast error of
2.64 % with a maximum of 6.40% for the proposedhodblogy versus two other
methods which showed average errors in forecastirdgy97% and 8.13% and maximum

errors of 11.54% and 13.46%, respectively.
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Appendix F
OPLOGPLN Reports

This appendix contains all the pertinent reportst twere generated by the author’s
execution of the Operations Logistics Planner Tbat was acquired from the Combined
Armed Service Command located in Ft. Lee, Virginidis tool is currently what is used
to plan for logistics requirements at a top levasdd on aggregated and expected force
size as well as a variety of mission charactessti€he reports in this appendix consist of
the results from OPLOGPLN that encapsulate thectsts for Class | (food), Class I
(general supplies), Class Il (fuel), Class IV (stoction materials), Class V
(ammunition), Class VI (personal items), Class \ihedical materials), Water, and the
unit Equipment List. The last report verifies toetuser what pieces of equipment,
weapons, or other end items that are either patthemmilitary unit (as specified by the
TO&E) or have been added to make up the (MTO&HE)e Teports provide a breakdown
of each class by each of the three phases of thaitbgpn specified by the author. These
phases consist of the deployment phase, operatmmahission phase, and then the
recovery or return to home base phase. Each aetiphases has a breakdown in
guantities of specific items, the total weight, andsome instances the number of cases

or pallets that are projected based on the pac@aijiaracteristics of the item in question.
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F 1. Class |

Population Based Logistics Estimate

CLASS |

OPLOG Planner

Phase Summary Report

Totals for Operation:

MEALS:
MRE

Class | Totals for Operation:

Operation Name: MyOrder
Totals for Phase: 1

MEALS:
MRE

Class | Totals for Phase:

Operation Name: MyOrder
Totals for Phase: 2

MEALS:
MRE

Class | Totals for Phase:

Operation Name: MyOrder
Totals for Phase: 3

MEALS:
MRE

Class | Totals for Phase:

Quantity

1,056

Lbs

1,932.5
1,932.5 Lbs

Class I: Phase Summary Report

Quantity

132

Cases

88.0

Pallets

1.8

1.8 Pallets

Length of Phase: 1 days

Insertion

Lbs

241.6

241.6 Lbs

Class I: Phase Summary Report

Quantity

792

Cases

11.0

Pallets

0.2

0.2 Pallets

Length of Phase: 6 days

Defend Border
Lbs

1,449.4

1,449.4 Lbs

Class I: Phase Summary Report

Quantity

132

326

Cases

66.0

Pallets

1.4

1.4 Pallets

Length of Phase: 1 days

Extraction

Lbs

241.6

241.6 Lbs

Cases

11.0

Pallets

0.2

0.2 Pallets



F 2. Class Il

CLASS Il

OPLOG Planner
Population Based Logistics Estimate

Phase Summary Report

Totals for Operation

Lbs Short Tons Pallets
Class Il Totals: 728.2 0.4 1.8
Phase: 1
Task Organization: DO
Lbs Short Tons Pallets
158.4 0.1 0.4
Totals for Phase: 1 Insertion
Length of Phase: 1 days Lbs Short Tons Pallets
158.4 0.1 0.4
Phase: 2
Task Organization: DO
Lbs Short Tons Pallets
488.4 0.2 1.2
Totals for Phase: 2 Defend Border
Length of Phase: 6 days Lbs Short Tons Pallets
488.4 0.2 1.2
Phase: 3
Task Organization: DO
Lbs Short Tons Pallets
81.4 0.0 0.2
Totals for Phase: 3 Extraction
Length of Phase: 1 days Lbs Short Tons Pallets
81.4 0.0 0.2
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F 3. Class Il (Bulk)

CLASS Il (B)

OPLOG Planner
Equipment Based Logistics Estimate

Phase Report

Total for Operation

POL Type Gallons
Class Il (B) JP8: 2,541.0
Total: 2,541.0
Phase: 1
Task Organization: DO
POL Type Gallons
Class 1l (B) JP8: 317.6
Total for Phase: 1
Length of Phase: 1 days POL Type Gallons
Class Il (B) JP8: 317.6
Phase: 2
Task Organization: DO
POL Type Gallons
Class Ill (B) JP8: 1,905.7
Total for Phase: 2
Length of Phase: 6 days POL Type Gallons
Class Il (B) JP8: 1,905.7
Phase: 3
Task Organization: DO
POL Type Gallons
Class Il (B) JP8: 317.6
Total for Phase: 3
Length of Phase: 1 days POL Type Gallons
Class Il (B) JP8: 317.6
Total: 317.6

NOTE: "Tanker Loads" assumes that only 2400 gadstee transported in a 2500 gal Tanker.
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Tanker Loads
(2500 gal equivalents)

1.06
1.06

Tanker Loads
(2500 gal equivalents)

0.13

Tanker Loads
(2500 gal equivalents)

0.13

Tanker Loads
(2500 gal equivalents)

0.79

Tanker Loads

(2500 gal equivalents)
0.79

Tanker Loads
(2500 gal equivalents)

0.13

Tanker Loads
(2500 gal equivalents)

0.13

0.13



F 4. Class Ill (POL)

CLASS IlI (P)

OPLOG Planner

Equipment Based Logistics Estimate

Totals for Operation:

Class llI(P) Totals:

Totals for Phase: 1

Length of Phase: 1 days

Totals for Phase: 2
Length of Phase: 6 days

Totals for Phase: 3
Length of Phase: 1 days

Phase Report

Lbs Short Tons
146.0 0.1
Insertion
Lbs Short Tons
18.2 0.0
Defend Border
Lbs Short Tons
109.5 0.1
Extraction
Lbs Short Tons
18.2 0.0
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Pallets
0.2

Pallets

0.0

Pallets

0.1

Pallets

0.0



F 5. Class IV

CLASS IV

OPLOG Planner
Population/Task Based Logistics Estimate

Phase Report

Totals for Operation

Lbs Short Tons
Barrier 823.7 0.4
Construction 714.6 0.4
Class 1V - Total 1,538.2 0.8
Totals for Phase: 1 Insertion
Length of Phase: 1 days Lbs Short Tons
Barrier 103.0 0.1
Construction 89.3 0.0
Class |V - Total 192.3 0.1
Totals for Phase: 2 Defend Border
Length of Phase: 6 days Lbs Short Tons
Barrier 617.8 0.3
Construction 535.9 0.3
Class 1V - Total 1,153.7 0.6
Totals for Phase: 3 Extraction
Length of Phase: 1 days Lbs Short Tons
Barrier 103.0 0.1
Construction 89.3 0.0
Class |V - Total 192.3 0.1
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Pallets

1.6
14

2.9

Pallets

0.2
0.2

0.4

Pallets

1.2
1.0

2.2

Pallets

0.2
0.2

0.4



F 6. Class V

Totals

Phase:
DODIC

A059
A063
A064
A131
A363
A518
A557
A576
A607
AAQ2
AAO4
B504
B505
B506
B508
B509
B534
B535
B536
B542
B546
BAO3
BAll

Totals for

Phase:
DODIC

A059
A063
A064

CLASS V

OPLOG Planner
System Based Logistics Estimate

Unit/Phase LIN level Report

for Operation LBS  Short Tons Cubic Ft.
809.43 0.40 15.63
1 Length of Phase: 1 days
DODIC Description Qty Used LBS Short Tons Cubic Ft.
CTG 5.56 MM BALL, M855 10RD CLIP 66 2.61 0.00 0.04
CTG 5.56 MM TR M856 SINGLE RD 16 0.67 0.00 0.01
CTG 5.56 MM 4 BALL, 1 TRACER LKD 57 3.34 0.00 0.07
CTG 7.62 MM 4 BALL M80/1 TR M62 19 1.99 0.00 0.03
CTG 9 MM BALL NATO, M882 1 0.04 0.00 0.00
CTG .50 CAL 4 SLAP M903 / 1 SLAP- 25 9.61 0.00 0.11
CTG .50 CAL 4BALL +1TR 14 5.30 0.00 0.06
CTG 50 CAL 4 API M8/1 API-T M20 56 20.94 0.01 0.32
CTG .50 CAL 4 API MK211 /1 API-T 14 5.52 0.00 0.06
CTG 5.56 MM 4 AP M995/1 TR M865 53 2.44 0.00 0.04
CTG 7.62 MM 4 API M933/ 1 TR M62 10 0.90 0.00 0.01
CTG 40 MM GRN STAR PARA M661 0 0.30 0.00 0.01
CTG 40 MM RED STAR PARA M662 0 0.30 0.00 0.01
CTG 40 MM RED SMK M713 0 0.15 0.00 0.00
CTG 40 MM GRN SMK M715 0 0.15 0.00 0.00
CTG 40 MM YLW SMK M716 0 0.15 0.00 0.00
CTG 40 MM MP M576 0 0.21 0.00 0.01
CTG 40 MM ILLUM WHT STAR 0 0.45 0.00 0.01
CTG 40 MM ILLUM WHT STAR 0 0.30 0.00 0.01
CTG 40 MM HEDP M430 LINKED 31 38.58 0.02 1.02
CTG 40 MM HEDP M433/ PA120 2 1.26 0.00 0.04
CTG 40 MM INFRARED 1 0.60 0.00 0.00
CTG 40 MM CANNISTER M1001 4 5.38 0.00 0.09
Phase: 1 101 0.05 1.95
2 Length of Phase: 6 days
DODIC Description Qty Used LBS Short Tons Cubic Ft.
CTG 5.56 MM BALL, M855 10RD CLIP 393 15.68 0.01 0.23
CTG 5.56 MM TR M856 SINGLE RD 98 4.02 0.00 0.06
CTG 5.56 MM 4 BALL, 1 TRACER LKD 342 20.07 0.01 0.45

OPLOG Planner 7.0
Printed on 11/17/2008
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Pallets

0.39

Pallets

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00

0.05

Pallets

0.01
0.00
0.01

Page 1



A131
A363
A518
A557
A576
A607
AA02
AAO4
B504
B505
B506
B508
B509
B534
B535
B536
B542
B546
BAO3
BA1l1l

Totals for

Phase:
DODIC

A059
A063
A064
A131
A363
A518
A557
A576
A607
AA02
AAO4
B504
B505
B506
B508
B509
B534
B535
B536
B542
B546
BAO3
BA1l1l

Totals for

CTG 7.62 MM 4 BALL M80/1 TR M62 116
CTG 9 MM BALL NATO, M882 6
CTG .50 CAL 4 SLAP M903 / 1 SLAP- 150
CTG .50 CAL 4BALL +1TR 83
CTG 50 CAL 4 API M8/1 API-T M20 335
CTG .50 CAL 4 API MK211 /1 API-T 86
CTG 5.56 MM 4 AP M995/1 TR M865 317
CTG 7.62 MM 4 API M933 / 1 TR M62 58
CTG 40 MM GRN STAR PARA M661 2
CTG 40 MM RED STAR PARA M662 2
CTG 40 MM RED SMK M713 1
CTG 40 MM GRN SMK M715 1
CTG 40 MM YLW SMK M716 1
CTG 40 MM MP M576 2
CTG 40 MM ILLUM WHT STAR 3
CTG 40 MM ILLUM WHT STAR 2
CTG 40 MM HEDP M430 LINKED 185
CTG 40 MM HEDP M433/ PA120 10
CTG 40 MM INFRARED 3
CTG 40 MM CANNISTER M1001 25
Phase: 2

3

DODIC Description Qty Used

CTG 5.56 MM BALL, M855 10RD CLIP 66
CTG 5.56 MM TR M856 SINGLE RD 16
CTG 5.56 MM 4 BALL, 1 TRACERLKD 57
CTG 7.62 MM 4 BALL M80/1 TR M62 19
CTG 9 MM BALL NATO, M882 1
CTG .50 CAL 4 SLAP M903 / 1 SLAP- 25
CTG .50 CAL 4BALL+1TR 14
CTG 50 CAL 4 API M8/1 API-T M20 56
CTG .50 CAL 4 API MK211/ 1 API-T 14
CTG 5.56 MM 4 AP M995/1 TR M865 53
CTG 7.62 MM 4 API M933 / 1 TR M62 10
CTG 40 MM GRN STAR PARA M661 0
CTG 40 MM RED STAR PARA M662 0
CTG 40 MM RED SMK M713 0
CTG 40 MM GRN SMK M715 0
CTG 40 MM YLW SMK M716 0
CTG 40 MM MP M576 0
CTG 40 MM ILLUM WHT STAR 0
CTG 40 MM ILLUM WHT STAR 0
CTG 40 MM HEDP M430 LINKED 31
CTG 40 MM HEDP M433/ PA120 2
CTG 40 MM INFRARED 1
CTG 40 MM CANNISTER M1001 4

Phase: 3
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11.95 0.01 0.20
0.23 0.00 0.00
57.66 0.03 0.67
31.80 0.02 0.37
125.64 0.06 1.90
33.11 0.02 0.39
14.64 0.01 0.24
5.42 0.00 0.07
1.78 0.00 0.04
1.78 0.00 0.04
0.90 0.00 0.02
0.90 0.00 0.02
0.90 0.00 0.02
1.26 0.00 0.03
2.68 0.00 0.06
1.78 0.00 0.04
231.46 0.12 6.12
7.54 0.00 0.21
3.57 0.00 0.00
3231 0.02 0.54
607 0.30 11.72

Length of Phase: 1 days

LBS Short Tons Cubic Ft.
2.61 0.00 0.04
0.67 0.00 0.01
3.34 0.00 0.07
1.99 0.00 0.03
0.04 0.00 0.00
9.61 0.00 0.11
5.30 0.00 0.06
20.94 0.01 0.32
5.52 0.00 0.06
2.44 0.00 0.04
0.90 0.00 0.01
0.30 0.00 0.01
0.30 0.00 0.01
0.15 0.00 0.00
0.15 0.00 0.00
0.15 0.00 0.00
0.21 0.00 0.01
0.45 0.00 0.01
0.30 0.00 0.01
38.58 0.02 1.02
1.26 0.00 0.04
0.60 0.00 0.00
5.38 0.00 0.09
101 0.05 1.95

0.01
0.00
0.02
0.01
0.05
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.15
0.01
0.00
0.01

0.29

Pallets

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00

0.05



F 7. Class VI

CLASS VI

OPLOG Planner

Population Based Logistics Estimate

Totals for Operation:

Class VI

Totals for Phase: 1
Length of Phase: 1 days

Class VI

Totals for Phase: 2
Length of Phase: 6 days

Class VI
Totals for Phase: 3

Length of Phase: 1 days

Class VI

Phase Report

LBS Short Tons Pallets
197.12 0.10 0.40
Insertion

LBS Short Tons Pallets
24.64 0.01 0.05

Defend Border

LBS Short Tons Pallets
147.84 0.07 0.30
Extraction
LBS Short Tons Pallets
24.64 0.01 0.05
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40ft Container
0.01

40ft Container
0.00

40ft Container
0.01

40ft Container
0.00



F 8. Class VI

Totals for Operation:

Class VI

Totals for Phase: 1
Length of Phase: 1 days

Totals for Phase: 2
Length of Phase: 6 days

Totals for Phase: 3
Length of Phase: 1 days

CLASS VIlii

OPLOG Planner
Casualty/Population Based Logistics Estimate

Phase Report

LBS Short
52.8 0.03

Insertion

LBS Short Tons
6.6 0.00

Defend Border

LBS Short Tons

39.6 0.02

Extraction

LBS Short Tons
6.6 0.00
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Pallets

0.21

Pallets
0.03

Pallets
0.16

Pallets
0.03



F 9. Water

Population Based Logistics Estimate

Total for Operation:

Unit Level Gals:
SubTotal Gals:

Total Gals:

Totals for Phase:

Length of Phase

Unit Level Gals:
SubTotal Gals:

Total Gals:

Totals for Phase:

Length of Phase

Unit Level Gals:
UEX/UEYy Level
SubTotal Gals:

Total Gals:

Totals for Phase:

Length of Phase

Unit Level Gals:
SubTotal Gals:

Total Gals:

. 1days

: 6 days

. 1days

WATER

OPLOG Planner

Phase Report

Potable
Bulk Bottled
1,705.4 0.0
1,705.4 0.0
1,705.4
Insertion
Potable
Bulk Bottled
213.2 0.0
213.2 0.0
213.2
Defend Border
Potable
Bulk Bottled
1,279.0 0.0
0.0
1,279.0 0.0
1,279.0
Extraction
Potable
Bulk Bottled
213.2 0.0
213.2 0.0
213.2

335

Non-Potable

0.0

0.0

Non-Potable

0.0

0.0

Non-Potable

0.0
0.0

0.0

Non-Potable

0.0

0.0



F 10. Equipment List

Equipment List

OPLOG Planner

Unit level Phase Report

Phase: 1, 2, 3 Phase: Insertion, Defend Border, Extraction

Joint Phase: Dominate

Task Org: DO Task Org: TO1

C0693
C7768
G97730
L6901
L9197
MO09009
M29999
M60256
M92362
M92841
N0445
N0459
NO0473
NO0548
P9815
R2979
T6156
Z0004
20044
Z0087
Z0087
Z0090
20230
22833
79996

DO Platoon: CUSTOM, Quantity: 1
CARBINE 5.56 MILLIMETER: M4A1l
COMPUTER: FIRE CONTROL AN/PSG-8
GUN LAYING AND POSITIONING SYS:
LAUNCHER GRENADE: 40MM, M203E2
MACHINE GUN CALIBER .50: HB
MACHINE GUN 5.56 MILLIMETER: M249
MEDICAL EQUIPMENT SET SPECIAL
MOUNT TRIPOD MACH GUN 7.62MM:
MACHINE GUN GRENADE 40MM: MK19
MACHINE GUN: 7.62MM M240B
NIGHT VISION GOGGLE: AN/PVS-5
NIGHT VISION SIGHT CREW SERVED
NIGHT VISION SIGHT INDIVIDUAL
NIGHT VISION GOGGLE: AN/PVS-7B
PISTOL 9MM AUTOMATIC: M9
RECEIVER SET RADIO: AN/PRR-9
TRUCK UTILITY: CARGO/TROOP
SATELLITE COMMUNICATIONS EARTH
LASER MARKER: AN/PEQ-1B
HF RADIO SET: AN/PRC-150C MANPACK
MANPACK TACSAT AN/PRC-117F
ILLUMINATOR, INTEGRATED, SMALL
MOUNT TRIPOD F/M240B MACHINE GUN
FREQUENCY HOPPING MULTIPLEXER:
RADIO SET: AN/PRC-148 (V) 2 (C)
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