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ABSTRACT

Marine Corps Manpower Plans and Policy Division, Manpower & Reserve
Affairs, is responsible for formulating Marine Corps force manpower plans.
Accomplishing this mission requires extensive knowledge of the Human
Resource Development Process (HRDP) for controlling future personnel attrition,
retention, and accession quantities to ensure appropriate quantities of its various
Military Occupational Specialties (MOS) and overall end strength are maintained.
To assist their mission, an agent-based computer simulation model was
developed in the Java computer language. This thesis investigates that
simulation model, titled Manpower Simulation Model (MSM). This thesis provides
documentation of MSM’s architecture and processes, tests the sensitivity of its
inputs through the use of an experimental design, and validates MSM'’s output
measures by calculating the relative error for five successive forecast years for
various HRDP categories. This thesis found that MSM’s structure and output
measurement responses aligned with HRDP practices. With respect to validation,
on average the HRDP categories losses and accessions underestimated by 17
and 18 percent, respectively, while gains overestimated by 36 percent. The
category promotions generally underestimated, but lessened in magnitude as
grade increased. The category retention consistently overestimated for all
grades. Lastly, the MSM showed biasness toward retaining Marines over

backfilling vacancies through accessions.
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INTRODUCTION

A. BACKGROUND

The Marine Corps is regarded as being the Nation’s premier expeditionary
force in readiness. Before it can ever be deployed to conduct its various ranges
of military operations, it must ensure it has the proper personnel in place to
execute those missions. Annotated as the Human Resources Development
Process (HRDP), the Marines and civilians at Manpower and Reserve Affairs
(M&RA) wrestle with this convoluted and mission critical process to ensure the
Marine Corps has the proper number of Marines proportionately allocated across
its various Military Occupations Specialties (MOS). To add an additional layer of
difficultly, M&RA must accomplish this mission for an organization that has an

extreme flux in personnel change.

Averaging from the past decade, each year there are approximately
30,000 Marines that choose to enter and exit the Marine Corps (Spafford, 2016).
Roughly 60% of Marines are on their first enlistment contract, 45% are below the
paygrade of E-4, and 75% will not reenlist for a second contract (Spafford, 2016).
Figure 1 shows this dramatic manpower drop of Enlisted Marines exiting the
Marine Corps after their first enlistment contract. This significant drop is due to
the general manpower structure of the Marine Corps, as well as its merit-based
promotion selection that is in conjunction with the “up or out” manpower system.
To ensure mission accomplishment within M&RA, it is crucial to understand
these factors that drive manpower movements. The manpower process is

expanded on in Section C or this chapter.
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Figure 1. Marine Corps Enlisted Force Fiscal Year (FY) 1990-2000.
Source: Rostker (2013).

Advances in technology have facilitated the ability to develop tools that
yield enhanced manpower analysis. However, most of these decision making
tools are still relatively isolated models that provide insightful information in a
narrow spectrum of the HRDP (R. A. Garrick, personal communication, April 6,
2016). Naturally, policy and procedures implemented within M&RA try to mitigate
the unintended consequences and errors of assembling the various patches of
information. To bridge this gap, the power of computer simulation was explored
with the intent to integrate the numerous processes of HRDP into a single
simulation model.

The first documented computer modeling software that attempted to
provide a HRDP whole-system oriented viewpoint was an Arena model. Created
by Rockwell Automation, Arena is a simulation software that models business
practices to assist that business in its “ability to analyze and make decisions on
how to improve (their) process” (Rockwell Automation, 2016). Used at M&RA

from roughly 2008 to 2011, this model was cumbersome, slow, and complex.
2



Ultimately, its inability to forecast numerous years into the future and
undocumented source code methods led this software program to become
untrusted, impractical, and unused to the point that its contracting license with
Rockwell Automation was not renewed upon its licensing expiration (M. Ramirez,

personal communication, April 4, 2016).

In 2011, former Naval Postgraduate School Operations Research
graduate Captain Ronald Garrick, USMC (ret), arrived at Manpower Studies and
Analysis Branch, M&RA, thereupon noticing the technology capability gap and
began developing what ultimately became the Manpower Simulation Model
(MSM).

The MSM is a Java language agent-based simulation program that aims
to integrate the numerous processes of the HRDP under a single computer
simulation model. Using the Marine Corps’ force structure as its virtual
architecture and manpower shaping rules as its internal constraints, the program
combines the deterministic aspects of the HRDP with a stochastic simulation
capability that produces a multitude of output metrics. These output metrics aid
the decision makers at M&RA to gain insightful forecasted metrics that range
across numerous fiscal years, and breaks down into the dimensional analysis at
the MOS skill and grade level.

B. PURPOSE

This thesis provides an overall evaluation of the MSM and its potential for
future usage so that its output metrics can be used with trust and confidence in
making manpower decisions by the leaders within M&RA. This was
accomplished by inspecting and documenting the various internal structures and
procedures within the MSM. A software-verification approach was taken to test
the sensitivity of its input metrics through the use of an experimental design.
Finally, a software-validation approach was used to evaluate the model's

accuracy against historical Marine Corps manpower data.



C. THE MANPOWER PROCESS

To understand the underlying concepts of the MSM, and its goal of
providing forecasted metrics, one first has to understand the enlisted HRDP. The
intention of this section is to provide the reader with an overview of this process,
rather than an in-depth detailed analysis, to serve as the basis for comparison to
the MSM. This section will highlight the conjoined process for Officer and
Enlisted personnel where appropriate. However, the scope of this thesis is purely
focused on enlisted personnel, since that is the personnel parameter used within
the MSM.

Forecasting manpower quantities are derived from two critical
components; the absolute manpower structure of the Marine Corps and the
personnel movement that occurs within it. The first part of this section will focus
on manpower structure. Comprising of approximately 240 MOSs that are spread
throughout 9 Enlisted grades, the Marine Corps Enlisted Force averages around

162,000 Marines at any given time (Manpower Plans and Policy Division, 2016).

Determining what the force structure should be for a given fiscal year is a
cumbersome process. The enlisted force is derived from manpower requirements
or previous force structures. These requirements are determined from
occupational field (occField) sponsors who are specialized and advocate for
occFields to possess specific levels of experience, where experience can be
synonymous with a Marine’s time in service, that are proportionality distributed
across the Marine Corps in terms of both depth and breadth. The sponsor
receives guidance from the Commandant of the Marine Corps in his strategic
analysis of various documents such as the National Security Strategy and the
National Defense Strategy, as well as from current Combatant Commanders who
yield bottom-up refinement to previously established force structures (United
States Marine Corps, 2009). The Deputy Commandant Combat Development
and Integration (DC CD&I) ultimately approves the new requirements list, which

appropriately becomes the documented Table of Organization (T/O). Figure 2



depicts this process, as described in Marine Corps Order (MCO) 5311.1D Total

Force Structure Process.

Input Analysis * Output
B Tasks NEW
) Conditions GAPS DOTMLPF CcMC Table of Organization Equipment
“ Standards Table of Organization and Equipment
and Equipment Training

TFSMS TFSMS

Figure 2. The Marine Corps Total Force Structure Process. Adapted from
United States Marine Corps (2009).

The T/O is therefore the foundational document toward which the Marine
Corps tries to build and sustain its force, which is accomplished by “buying billet
seats.” Every purchased billet has political and budgetary constraints associated
with it. The process of “buying billet seats” is synonymous with the fiscal year’'s
approved end strength as provided by the National Defense Authorization Act
(U.S. Department of Defense, 1996). When differences between what the Marine
Corps would like to have, the T/O, and what the Marine Corps is allowed to have,
its approved end strength, the Manning and Staffing Precedence Order is taken
into account. The Manning and Staffing Precedence Order is a MCO that
identifies which units will receive priority in fulfilling billet vacancies, as directed
by the Commandant of the Marine Corps (United States Marine Corps, 2012).
The combination of these steps in addition to the original T/O produces the
Authorized Strength Report (ASR).

The ASR is the principal document that M&RA receives to complete the
final components of the HRDP. However, before it can be used it has to be
reconciled to be compliant with political and budgetary constraints. For budgetary
constraints, the grade quantities are aggregated and summed with respect to that

grade’s pay to ensure that monetary personnel limits are not exceeded.
5



Within Manpower Plans and Policy Division (MP), additional manning
controls are implemented to account for the Marine Corps’ patients, prisoners,
transients, and trainees (P2T2). Accounting for P2T2 against the ASR produces
the Grade Adjusted Recapitulation (GAR). The manpower metrics specified in
the GAR serve as the final manpower targets for a specific fiscal year. A
snapshot of the GARs manpower metrics may be viewed in Appendix B. The
GAR is the manpower structure document the MSM uses to build its virtual

architecture from.

Building off of the absolute structure, personnel movement becomes the
second critical component to properly forecasting manpower requirements. This
component is often illustrated in a graphic called the Enlisted Manpower
Pyramid, shown in Figure 3. It includes external and internal personnel
movement, which is classified into four categorical areas: accessions/gains,

retentions/reenlistments, promotions, and losses.

~34%
Career Force

A

STAP
Reenlistments

Zs
FTAP
Reenlistments

~66%
First Term Force

Figure 3. Enlisted Manpower Pyramid. Adapted from Spafford (2016).
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These four components yield insight into how Marines are moving through
the manpower structure. These four components are further broken down to
capture specific manpower movement. For accessions/gains, sub-categories
include Marines returning from:

. Medical Holds

. End of Active Service (EAS) Holds

. Deserter Status

. Fulfilling Recruiter Billets

J Cross Year Extensions

. Non-Prior Service Accessions

For retentions/reenlistments, this category is broken down into two sub-
categories: First Term Alignment Plan (FTAP) and the Subsequent Term
Alignment Plan (STAP). These plans shape the inventory of the enlisted force by
controlling the number of enlistments for the respective term force (United States
Marine Corps, 2010). These plans are critical as they ensure the proper quantity
of MOSs, with respect to grade distribution, are being retained within the Marine
Corps.

The component promotions does not have a specific sub-category,
however it is proportionally controlled by the Enlisted Career Force Controls
(ECFC). ECFC impacts two specific areas, first they impact the promotion zones
control parameters. These controls ensure each Marine receives an opportunity
to be promoted, as well as ensures a Marine has the proper experience to fulfill
higher grade responsibilities. Secondly, the controls facilitate the process of only
retaining the most qualified Marines by forcing Marines who fall below acceptable
career progression standards out of the service. For example, if Marines are
continuously being passed over for promotion it is assumed they do not possess
the high-standard qualifications the Marine Corps is looking for and therefore
should not continue to be retained within the force (United States Marine Corps,
2010).



The component losses has multiple sub-categories, specifically

categorizing Marines that:

. Receive commission and become Officers, referred to as an
enlisted to officer (E20) transition

. Drop out and separate from Boot Camp
. Transition into the reserves

. Reach service limitations

. Retire

. Execute general EAS

. Death cases

o Non-EAS cases

Aggregating and associating the four manpower movement categories
yields detailed rates for Marines moving among the manpower structure.
Cognizance of these rates allow manpower planners to take today’s force,
extrapolate the data, and forecast what they believe will be the future’s force.
Projections are developed at the beginning of each fiscal year to estimate the
amount of Marines moving within the manpower pyramid in order to anticipate
the quantity of accessions needed to backfill future vacancies. These forecasts
allow the Marine Corps to establish milestones that facilitate it to conclude a
fiscal year exactly at the National Defense Authorization Act's approved end
strength. This is the manpower management game Manpower Plans and Policy
Division is continuously playing, and its success is crucial to ensure the Marine

Corps’ manpower readiness.



IIl.  TECHNICAL REVIEW

This chapter serves to supply the reader with the technical background
knowledge that will facilitate the understanding of MSM’s construction. This is not
an exhaustive background but rather focuses on the key components that give
the MSM its greatest capabilities. Finally, this chapter will conclude with an
overview of the scientific methodologies used for the evaluation of the MSM’s

input and processes sensitivity.

A. AGENT-BASED MODELING AND SIMULATION

Prior to agent-based simulation modeling, computer models used
mathematical formulas to compute statistics of interest (Railsback & Grimm,
2012). As object oriented computer languages have impacted computer
programming, its methodology has also impacted modeling and the ability to
track objects, annotated as agents within simulation, through the system.

“Agent-based modeling are thus models where individual agents are
described as unique and autonomous entities that usually interact with each
other and their environment locally” (Railsback & Grimm, 2012, p. 10). Agents
are entities that can be constructed to have very specific behaviors. As entities,
they are able to retain the statistics of their interaction with the system, which
allows for enhanced data analysis. This includes analyzing how the agent is
impacted by the rules and processes within the system (Railsback & Grimm,
2012).

This type of problem framing allows for three separate aspects to be
examined: the agent as an individual, agents aggregated to form a group, and
the system as a whole. These aspects facilitate the user’s ability to examine the
model and the total throughput of an agent within a system, and more importantly
gain a further understanding of the third, fourth, even tenth-order consequences

associated with an environment policy decision (Railsback & Grimm, 2012).



B. STATES, EVENTS, AND EVENT GRAPH M