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AFIT/GAQ/ENS/02-02 

Abstract 

This research effort develops a generalized Decision Support System (DSS) to 

assist contracting career field managers in making recruiting and retention decisions. The 

DSS focuses on the skill level inventories of the contracting enlisted force. The interest 

in this research was identified by contracting career field managers due to the recent 

negative trends in recruitment and retention and the lack of analytical tools available. To 

accomplish this objective, manpower models were developed using a combination of 

techniques gathered through interviews with Army and Air Force manpower analysts and 

a literature review focusing on manpower modeling. 

The models developed in this study are intended to assist career field managers in 

recruiting and retaining the right number and skill level mix of personnel in the 

contracting career field. The models are generaHzed enough to serve as a DSS for other 

Air Force Specialty Codes (AFSC) with minimal revision. 

Note: The three manpower models that make up the DSS are on the CD attached to the 
inside cover of this thesis. The software requirements are hsted on the DTIC 
Form 530 at the end of this document just preceding the SF Form 298. 
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A GENERALIZED DECISION SUPPORT SYSTEM 

FOR THE CONTRACTING CAREER FIELD 

I. Introduction 

General Issue 

In recent years, the United States Air Force has been besieged by recruiting and 

retention problems. "We have been through these problems before", said Carol A. 

DiBattiste, former undersecretary of the Air Force, who served in recruiting both as an 

enlisted member and an officer before retiring in 1991. "The trouble this time is that we 

have retention and recruiting problems hitting us at the same time" (Callander, 2000:64). 

The retention and recruitment problems are partly attributed to the booming 

economy and the increasing number of job opportunities available in the civihan sector. 

"When we have a booming economy," said DiBattiste, "it puts extra pressure on the Air 

Force, both to recruit and to retain. It pulls people away from the service and creates 

recruiting difficulties because young people have many more opportunities" (Callander, 

2000:66). Recent reductions in force, changes to military benefits, and increases in 

Operation Tempo (OPTEMPO) have also added to these probfems. The enlisted force in 

each of the military departments has been affected the most because of the large pay 

differences between what they currently earn in the military and what they can potentially 

earn in the civihan sector. The Department of Defense has been working dihgently 
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devising incentives to improve recruiting and retention in all branches of the United 

States military. 

Personnel shortages have caused many concerns for the Department of Defense as 

a whole, each individual mihtary service, and each career field or specialty code within 

those departments. The two greatest concerns of Air Force contracting career field 

managers are interrelated and most likely shared by all career fields in all military 

departments. First, will there be enough people in the career field to carry out the 

mission? Second, will the skill level of these people match the skill level requirements? 

The second question is the most important because, even if there are enough people, they 

will be unable to carry out the mission unless they have the proper mix of skill levels. If 

everyone in the career field were at flie apprentice level, they would not have the skill, 

experience and training necessary to get the job done. Former Air Force Chief of Staff 

General Michael Ryan stated, "So, it's not just the numbers of people that you have to 

have in a particular skill, but the quality of those who are in that skill matched against the 

requirements we need in our force to be able to do the things we have promised the 

nation we can do" (Airmen 1998:8). For these reasons, career field managers must be 

aware of their manning and skill level requirements in order to properly match the 

personnel to critical positions to successfully carry out the mission. 

In many of the career fields in the Air Force the issue is not just the number of 

people being recruited, but also the number of people electing to get out after their first, 

second and retirement eligible enlistments. "Equally worrisome, enlisted retention rates 

have fallen off. USAF's aim is to retain 55 percent of first termers, 75 percent of second 

termers, and 95 percent of career-enlisted troops. For 1999, however, the first-term rate 
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fell to 49 percent, second-term rate to 69 percent, and career rate to 91 perceit" 

(Callander, 2000:66). The opportunities in the civilian sector are attracting many of the 

skilled enlisted members of the Air Force. This problem is magnified by the lack of 

incentives offered to retain these individuals. Once an enlisted member enters the higher 

grades and has gained the requisite skills and experience that make him or her a valuable 

asset, the opportunities for career progression slow and the raises are not large enough to 

compete with the pay being offered in civihan equivalent positions. This should be when 

these highly skilled individuals are offered more opportunities and higher pay. Another 

problem is that once these skilled individuals reach the 20-year point in their career, they 

are eligible to retire and receive 50 percent of their pay and pursue a more lucrative, 

compatible position in the civilian sector or DoD. 

Senior leadership in the Air Force, as well as the other military services, has 

recognized these recruitment and retention problems and is giving them the attention they 

deserve. Former Chief of Staff General Michael Ryan commented, "We have concerns 

about our readiness fi-om an individual standpoint and the loss of expertise. Expertise is 

what we need to maintain readiness" (Airmen, 1998:8). Senior military leadership along 

with Congress has made huge strides in the last couple of years by re-instituting some of 

the benefits, increasing raises to make pay more commensurate with the civihan sector, 

and raising the military's quality of life. 

Even with the improvements made, we are a long way from solving all of the 

recruiting and retention issues. In the meantime, each career field must acquire and retain 

at least enough people to accompUsh their part of the Air Force mission. In order to 

determine whether or not the career field has or will have enough qualified people to 
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accomplish the mission, career field managers must closely monitor the current 

manpower requirements and predict the fiiture state of maiqjower inventories. Having a 

decision support system with appropriate forecasting and modeling tools available would 

significantly improve a career field manager's ability to maintain manpower inventories 

at the required levels. 

All branches of service, as well as each career field or specialty code under each 

branch, has offices within them that are responsible for forecasting manpower needs. 

The Air Force Personnel Operations Agency, Directorate of Personnel Analysis for the 

Enhsted Force (AFPOA/DPY) has many tools available to determine the approximate 

number of people to recruit into the Air Force as a whole as well as each career field. 

These models are very helpful to career field managers in determining recruitment 

numbers. However, these tools do not tell career field managers the current and fiiture 

state of the career field's skill level inventory. The forecasting office deals more with 

large-scale, generalized models to forecast manpower needs. They do not have the 

resources to develop multiple models tailored to meet each career field's mana^r's 

individual needs. 

The contracting career field in the Air Force has been especially vulnerable to 

manpower retention issues. The training and experience each contracting professional 

gains in the Air Force is a valuable commodity in the civihan sector and among 

Department of Defense (DoD) contractors. Many DoD contractors are willing to pay 

high salaries to acquire the knowledge and experience contracting professional's gain in 

the Air Force. 
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Background 

The Air Force, along with all military departments, is hierarchically organized. 

This type of structure has served the military well by providing the framework required to 

support these large organizations. This structure is further supported by a grade and rank 

system that promotes persoimel from within the organization. This grade and rank 

system has been around since inception. This system was designed to provide discipline, 

organization and structure to accompUsh a wartime mission. It was designed to 

distinguish between those that make the decisions and those that would carry them out. 

Today, many civihan organizations are employing a more horizontal structure with less 

management and more workers. "Now many organizations are seeking greater flexibility 

and the abihty to respond more quickly to their environment by adopting flatter 

structures. These flat structures are characterized by few levels of management; broad, 

wide spans of management; and fewer rules and regulations" (Griffen, 1999:57). These 

flatter organizational structures also give workers more authority to make the necessary 

decisions to get the job done. This process of granting decision-making power to the 

lower levels of the organization is called empowerment. Empowerment is also being 

adopted in the military but the difference is that the military has maintained its 

hierarchical structure. The reason the military has maintained its hierarchical structure is 

due to its wartime mission. In a wartime scenario it is imperative that command and 

control remain intact in order to run a successful campaign against enemy forces. 

In the Air Force, the shift toward empowerment has pushed down decision- 

making allowing lower level management to make decisions dealing with their level of 

the organization. This has allowed higher levels of management to concentrate on larger 
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issues dealing with the strategic direction of the organization or the command. 

Empowerment has also increased the emphasis on training and job knowledge. The 

reason for this increased emphasis is to ensure that the people being empowered have the 

required skills to make the right decisions and perform at the correct skill level. Skill 

level is a term used within each Air Force career field to signify the amount of training 

and experience a person in the career field has attained Enhsted personnel progress from 

the initial skill level 1 to skill level 3, skill level 5, skill level 7, and, possibly, skill level 

9. Only a few enlisted ever reach the 9 skill level. This final level is held for those that 

have demonstrated exceptional abilities not only in their career field but also in the Air 

Force in general. 

Career field managers consider the 7-skill level the most critical to mission 

success. The 7-level airmen have the experience and knowledge required to train others 

in the career field, to run and manage a contracting office, and, most importantly, the 

ability to run a one or two person operation, characteristic of today's contingency 

operations. These 7-level attributes make it imperative for career field managers to 

maintain at least the minimum number of 7-level airmen to accomplish both the stateside 

and contingency missions. The only way to assure the proper number of 7-levels is to 

have tools available that will make career field managers aware of future shortages so 

they can take appropriate, corrective action. 

Problem Statement: 

The contracting career field in the Air Force is facing challenging manning issues 

within its enlisted force. Over flie last decade the career field has been hit with a 
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reduction in force and an increase in OPTEMPO. This, coupled with an increase in job 

opportunities for contracting professionals in the civihan sector, has caused some concern 

among those responsible for managing the career field. Over the last couple of years, the 

number of first term and retirement ehgible airmen leaving the Air Force has increased 

dramatically. These drastic changes have increased the importance of monitoring 

manning levels in the career field, especially the skill level mix within the career field. 

The increased outflow of career airmen eligible to retire has caused a concern in 

the availability of 7-skill level personnel. The 7-skill level is key to both the stateside 

and contingency missions of the contracting career field. These 7-skill level airmen 

provide the force with the experience and skills necessary to carry out the contracting 

mission; to train personnel, provide job knowledge to a unit and successfully conduct one 

or two person contingency operations. Without the minimum number of personnel in this 

skill level, the career field and the contracting mission in the Air Force will surely suffer. 

According to contracting career field managers at the Office of the Secretary of 

the Air Force for Acquisition (SAF/AQC) one way they are attempting to counter 

shortfalls in skill level manning is to change the contracting career field-training plan. 

The new career field-training plan will be implemented in fiscal year 2002. This plan has 

shghtly shortened the training time required to progress from one skill level to the next, 

but has not decreased the number of training objectives that must be mastered before 

being awarded the next skill level. Career field managers are hoping this change will 

help increase the number of 7-level airmen in the career field but not to the detriment of 

training and experience. The projection model being developed for this thesis is based on 



www.manaraa.com

this new training plan and should illustrate the effect it will have on the career field's skill 

level mix over the next twenty fiscal years. 

The problem facing contracting career field managers is that the utilities used by 

the Air Force Forecasting Office do not specifically address career field manning by skill 

level. As previously mentioned, the office uses larger, more generalized models to 

forecast manpower needs. The systems they use are based on grade and rank. The 

problem with focusing on grade and rank is that the career field may appear to be fully 

manned because they have enough people in each rank and grade but in reality they are 

under manned in certain skill levels. This is especially apparent in the contracting career 

field where the majority of accessions are retrainees, which means they have higher ranks 

than pipeline recruits but are starting over at skill level 1 in the contracting career field. 

The large number of retrainees recruited into the contracting career field each year 

creates potential manning problems. Retrainees transfer into the career field from other 

career fields. These new retrainees possess the rank to hold certain positions but not the 

skill level. Currently, the number of yearly accessions is approximately 180, comprised 

of 120 retrainees and 60 pipeline personnel. Pipeline personnel, or direct accessions are 

those that enter the career field directly from basic training. The 120 retrainees enter the 

career field with ranks ranging from Airmen (AMN) to Master Sergeant (MSgt) with the 

majority being Staff Sergeant's (SSgt) and Technical Sergeant's (TSgt) and with time in 

service (TIS) ranging from 4 years to 16 years with the majority being between 8 and 12 

years TIS. The current personnel system assigns these SSgt's, TSgt's, and MSgt's to 5- 

and 7-level positions based on their rank when in reality they are new to the career field 

and may only be holding a 1 - or 3-skill level in conttacting. One of the manning 

8 
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problems with pipeline personnel centers on SSgt's awarded a 7-skill level but not 

considered a 7-skill by AFPC until they are promoted to TSgt. 

In order to estabhsh a more detailed estimate of the skill level inventory in the 

contracting career field, this research develops a Markovian based prediction model 

based on skill level. The Markovian process tracks the flow of personnel through an 

organization. "The "flow" of personnel through a system may be thought of as 

movement from category (e.g., grade, year of service, occupational specialty) to category. 

The utility of the concept depends upon the definition of meaningful subsets of the 

population, referred to as "states," from and into which all movement occurs with 

statistical regularity" (Merck and Hall, 1971:5). The model focuses on fiscal year, skill 

level, and TIS. It provides a detailed assessment of the current and future skill level 

manning levels in the career field. The model also identifies current and future shortfalls 

in each skill level and, most importantly, the 7-skill level. The number of personnel in 

each skill level generated from this Markovian process could be used as input for a linear 

programming model indicating what positions should be filled and which should be left 

vacant based on mission related priorities. The Markovian based projection model is 

incorporated into a spreadsheet model that is easy to manipulate and analyze. This 

spreadsheet model is also used as iiq)ut for a stochastic and an optimization model. The 

stochastic model determines the effects that variable loss rates have on skill level 

inventories and analyzes the risk associated with each possible inventory outcome. The 

optimization model determines the best mix of pipeline and retrainees to recruit into the 

career field each year to maintain mission capability. These models make up a 

generahzed decision support system for contracting career field managers to use in 
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identifying problems with and support changes to current recruiting and retention 

programs. (The three manpower models that make up the DSS are on the CD attached to 

the inside cover of this thesis. The software requirements are listed on the DTIC Form 

530 at the end of this document just preceding the SFForm 298.) 

Research Objectives 

The objective of this research effort is to develop a decision support system to 

assist contracting career field managers in making recruitment and retention decisions. 

The DSS will include a Markovian based projection model to display current and future 

skill level manning, taking into account pipeline and retrainees entering the career field, 

time in service, loss rates, training time lines, and the time it takes to attain certain grades 

and ranks. It will also include a stochastic model, which will enable career field mangers 

to analyze the effects of variable loss rates and identify the probabilities associated with 

each possible inventory outcome. Finally, it will include an optimization model to 

determine the right number and best mix of pipeline and retrainees to recruit each year in 

order to maintain or exceed the minimum manning requirements. 

Summary 

The Air Force is facing some challenging times with an increasing OPTEMPO 

and decreasing recruiting and retention rates. These problems have been readily apparent 

and may even be magnified in the contracting career field. Unless something is done to 

motivate people to stay in the Air Force and in the coitracting career field the problem 

with retention is likely to continue and may worsen. This type of uncertainty in the 

manpower structure of the career field makes it imperative that career managers and 

10 
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decision makers have as much information as possible to make accurate, strategic 

decisions. This information helps decide how many and what mix of recruits and 

reti-ainees will be required each year to maintain the required inventory levels as well as 

the required skill level mix to accomplish the conti-acting career field's mission. The Air 

Force Forecasting Office currentiy provides the conti-acting career field with a forecast of 

the number of personnel required to maintain its minimum manning levels. This thesis 

provides career field managers with a generalized decision support system to help 

determine skill level requirements and how to tailor their retention and recruitment 

approach to meet those requirements. 

The next several chapters of this thesis discuss the development of the models that 

make up the decision support system. The DSS will provide contracting career field 

managers with critical information on career field manning based on skill levels. This 

type of information is very important in determining if there are enough skilled personnel 

to handle each skill level requirement. Chapter 2 examines persoimel modeling, in 

general, including many different approaches to personnel modeling. It concludes with a 

discussion of the Markovian and optimization approaches being considered in this 

research effort. Chapter 3 covers the methodology for model implementation in detail. 

Chapter 4 analyzes the results obtained from the models. Finally, Chapter 5 discusses 

recommendations based on the results documented in the preceding chapter. 

11 
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II. Literature Review 

Introduction 

Personnel modeling deals with designing and developing manpower models to 

monitor and forecast personnel inventories within an organization. These models provide 

valuable information to improve recruitment and retention decisions. The manpower 

information generated by these models assists management in balancing personnel 

inventories to accomphsh the organization's mission. 

Manpower modeling is used throughout the Department of Defense. Most 

military organizations use several different models to serve several different purposes. 

Military departments are large hierarchical organizations requiring large numbers of 

people to accomphsh their mission. The information gathered through manpower 

modeling is imperative to the successful accomplishment of that mission. The 

Department of Defense rehes greatly on manpower information to determine recruitment 

and retention targets. 

Manpower Modeling Techniques 

There are many different modeling techniques in existence. Manpower modeling 

techniques used in the military include: Markovian processes, goal programming, 

network flow modeling, linear programming and optimization. Organizations must 

match their requirements with the limits and capabilities of each technique in order to 

select the best technique or techniques for its modeling needs. Considerations in 

selecting the appropriate modeling approach include: the type of organization, the type 

and accuracy of information required, and the resources available. 
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Projection Models (Markov Models) 

A Markovian or projection model is used to track and record personnel 

progression within an organization. Saul Gass states, "Markov models are used to 

estimate new hires, separations, retirements, training requirements, shortages by class and 

steady state inventories" (Gass, 1991:67). The information generated by Markovian 

models is used to predict future manpower requirements. Gass, an expert in manpower 

modeling, is well versed in the Markovian process, the assumptions associated with that 

process and how to apply the process to military maipower modeling. The Markov 

process is a significant part of this research effort and provides the fi^mework for all 

three models being developed. 

Markov models are known as transition or predictive models. Gass states, 

"Transition rate models are used to forecast personnel inventory levels based on known 

transition rates" (Gass, 1991:66). In the Markov process personnel are aggregated into 

groups or states using identifiable characteristics over a certain planning timeline. The 

transition rates estabhsh the flow of personnel from one state to the next. "Each person is 

a member of one and only one class, but a person can change classes based on transition 

assumptions" (Gass, 1991:66). 

Merck and Hall provide the following explanation of the Markovian process: 

The flow of personnel through a system may be thought of as movement 
from category (e.g., grade, year of service, occupational specialty) to 
category. The utility of the concept depends upon the definition of 
meaningful subsets of the population, referred to as 'states,' from and into 
which all movement occurs with statistical regularity. In general models 
of transitional flows, movement is possible from each state to any other, 
including the state of origin. The measurement of transitional flows may 
be defined in terms of the probability of movement from one state to any 
other. (Merck and Hall, 1971:5) 
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This provides an excellent description of the Markovian model developed for this 

research effort with the exception of a state being allowed to transition back to the state 

of origin. 

The design of the Markov process is well suited for the skill level inventories 

being addressed in this thesis. Subjects are associated with a specific state according to 

their rank, skill level and TIS and each state is associated with known transition rates. 

The following assumptions are associated with the Markov process. 

1. Each individual is governed by the Markov process and only the last state 
occupied determines the individual's next state. 

2. The same Markov process apphes to all individuals. 

3. All individuals behave independently. 

In addition to the aforementioned assumptions, personnel in a Markov process must 

transition forward to the same state in the next period or to the next higher state in the 

next period. Transitions do not occur backwards. This leads to another issue known as 

conservation of flow, which requires the flow of personnel transitioning into a certain 

state to equal the flow that transitions out of that state. Violating any of these 

assumptions or requirements may lead to erroneous information and flawed decisioiv 

making. 

Gass provides a visual representation of the Markov process in a military 

manpower scenario using the node and arc structure depicted below. The node and arc 

structure displays the transitions taking place between states. 
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Figure 1. Transition Rate Model Network Representation 

Figure 1 represents a network with nodes representing states by time period and arcs 

representing transitions from one state to another. In the above example there are six 

states and transitions are made to only one of the three states in the next time period. The 

total flow into a node must be equal to the total flow out of that node this is known as 

conservation of flow. Conservation of flow is used to maintain accountability throughout 

the model. (Gass, 1991) 

J.W. Merck and Kathleen Hall have developed Markovian models that track 

personnel movement throughout the United States Air Force personnel system. In an 

article discussing their modeling experiences they reveal problems encountered while 

applying a Markovian approach. 

The lack of statistics on transitional behavior is a result of 1) the difficulty 
of obtaining information on changes of status using personnel records 
designed on the basis of traditional inventory concepts; and 2) the 
difficulty of comprehending the net impact and significance of a huge 
number of transition paths upon future distributions of the population. 
(Merck and Hall, 1971:Preface) 

Saul Gass documents similar problems. "For large personnel systems, there is some 

difficulty in collecting transition rates, and the steady-state forecasts many not be 
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accurate enough as the transition rates do change over time" (Gass, 1991:67). These data 

problems were not an issue in this research effort because of the focused scope of these 

models and the improvements made in data collection over the last few decades has been 

significant. 

Merck and Hall also describe the benefits of Markov models, which still hold true 

today. 

The model and computing procedures used in the Markov process permit 
personnel managers 1) to create an information system that captures much 
of the social and geographic mobility that military personnel continually 
undergo; 2) to completely and systematically compute the rates with 
which these movements occur; 3) to estimate the effects that these 
movements are likely to have in the future; and 4) to estimate the impact 
that management-pohcy^ generated alterations of these rates of movement 
have upon the future of the personnel system in question. (Merck and 
Hall, 1971:7) 

These benefits, particularly 3 and 4, closely resemble the objectives of this research 

effort. 

Merck and Hall support and encourage the use of Markovian models in military 

applications. 

Military personnel systems have characteristics that make them peculiarly 
susceptible to analysis by Markovian models: 1) entries into military 
systems are made at specific low-level entry points in the hierarchy; 2) 
recruits (either officer or enlisted) are essentially undiflferentiated, with 
speciaUzation occurring as a result of training and experience that takes 
place after entry into military Hfe; and 3) because breaks in service are 
rarely allowed, the process of movement through the military persoimel 
system becomes a close analogy to an actuarial, hfe/death, model of Ufe 
expectancy. (Merck and Hall, 1971:5) 

Graham Leeson also supports the Markovian approach to manpower planning. 

He states, "Markovian chain models have been extensively advocated for the description 
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of transitions in hierarchical manpower systems. Furthermore, this type of model is able 

to provide measures for the description of the experience of the system at both the 

individual level and the system level" (Leeson, 1984:933). Leeson is an advocate for the 

Markovian approach but his interests lie in the qualitative aspects of recruitment and 

retention policie s and how such policies influence desired internal structures. Leeson is a 

valuable resource for researchers studying the qualitative aspects of recruitment and 

retention. 

The Markov process provides unparalleled support for the enhsted manpower 

models being designed in this thesis. Markov models provide meaningful information to 

be used in recruitment and retention decisions as well as pertinent information regarding 

personnel progression in the contracting career field. The Markovian model developed 

for this research effort displays manning shortages by skill level and steady-state 

inventories within those skill levels. The Markov process is used as input for the 

optimization model providing career field managers with a best possible recruitment 

stotegy given their resource constraints. 

Goal Programming Problems 

Goal Programming models are very effective in solving large-scale manpower 

problems. R.W. Collins states, "The needs of managing a multi-attribute pool of 

personnel over a long-term horizon has led to a number of linear-programming based 

approaches for evaluating policy options" (Collins et al, 1983:44). Gass adds, "The 

formulation of a linear goal-programming model assumes that all problem constraints 

serve as goals to be attained simultaneously as 'best' possible. Here, best is interpreted 

as a satisfying or compromise solution" (Gass, 1986:779).   Gass also explains the 
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importance of applying weights to variables in the model to attain the desired information 

based on priorities. He uses Army manpower modeling to explain the goal programming 

approach.   "A case in point is U.S. Army personnel models that are designed to 

determine the number of soldiers, by grade, skill and or years-of-service, that meet 

manpower goals (targets) over seven to 20-year planning horizon" (Gass, 1986:780). 

This design is very similar to the optimization model being developed for this research 

effort with the exception of model scope. 

The optimization model developed for this thesis focuses on minimizing manning 

shortages in each skill level by using deviational variables and weights. "Goal 

programming solution techniques choose the values of the decision variables such that 

deviations from the goals are minimized. If it is not possible to achieve all goals, goal 

programming attempts to satisfy the goals in order of priority" (Wu and Coppin, 

1981:358). The goal programming approach is ideal for this research effort because of its 

ability to handle conflicting goals. The goal programming approach allows the model to 

arrive at the best possible solution in hght of all constraints, weights and conflicting 

goals. "Goal programming entails an explicit consideration of goals and how closely 

they can be achieved and the various priorities associated with the different goals" (Wu 

and Coppin, 1981:360). 

Minimax is a technique used in goal programming that minimizes the maximum 

deviation from any and all goals. This technique was chosen to minimize the maximum 

deviations from all skill level goals as opposed to minimizing the sum of the weighted 

deviations. Minimizing the sum of the weighted deviations could result in some skill 

levels being over manned while others are left extremely undermaimed.   Minimizing the 
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maximum deviations from all skill level goals allows for a more balanced solution. 

Another reason this technique was chosen is its ability to handle hard constraints. The 

model developed in this thesis contains two hard constraints that pertain to the number of 

pipeline accessions and retrainees allowed to enter the career field in a single year. 

When applying goal-programming techniques in manpower models there are 

many issues to consider, one of which is determining weights and priorities. This 

determination is difficult when dealing with large-scale linear goal programs. Gass 

explains how to create different levels to study the impact of each component and how 

each component interacts with other components. He sets up three levels in a 

hierarchical format. The first level is the personnel program as a whole. The second 

level is the total end strength for each of the years being modeled. The third level is the 

goals for each year. The goals included skill targets, promotion targets, loss targets, and 

gain targets. He claims that setting the problem up in this manner simplifies the process 

of selecting rates for elements in level 2 and level 3. Level 1 illustrates the overall focus 

or objective of die model. Level 2 is analyzed and weights are assigned in a matrix 

format based on the priority for year-end strength. The same process is completed in 

level 3. The final step is to calculate the comparison matrices to determine the weights to 

use in each element. Gass supports the utility of this approach and how effortless it is for 

managers to make adjustments to these matrices when policy or other factors change the 

priorities of the model. (Gass, 1986) 

The matrix system was developed to handle problems with a larger number of 

weights and priorities, like many of the military manpower models used today. More 

focused models, such as the models being developed in this thesis, do not require such 
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elaborate systems. For these types of models it is more efficient to have the user 

detemiine the weights and priorities based on his or her experience, knowledge, goals and 

priorities.   Gass supports this point by stating, "We take the position that the model user 

and problem formulator have enough information to be able to select a set of weights, or 

are able to provide trade-off information with which an acceptable set of weights can be 

determined" (Gass, 1986:780). 

Other alternatives for solving goal-programming models include special 

algorithms or advanced network codes. Each of these alternatives focuses on speed and 

cost savings. Over the last few decades the major focus of manpower modeling has been 

developing faster more efficient models. This focus has helped manpower offices deal 

with the overwhelming growth in the last decade. Using the antiquated systems of the 

past poses significant problems for today's larger organizations, especially the United 

States military. The new approaches allow analysts to develop models, which provide 

instantaneous information to the user at a much lower cost 

Agha Iqbal AU, Tom Blanco and Ben Buclatin discuss two alternatives for 

solving goal network programs. One method is the sequential linear goal-programming 

(SLGP) algorithm and the other is the goal network simplex algorithm. "It is desirable to 

have an algorithm that runs in only a few seconds as opposed to several minutes for a 

standard commercial linear programming solver" (Ali et al., 1997:192). The principle 

diflFerence between these two algorithms is that the goal network simplex algorithm 

preserves the network stinicture and allows for simultaneous pricing of the objectives. 

The intention of both methods is to locate an optimal solution faster and cheaper while 

taking into account all constraints and multiple objectives. AU, Blanco, and Buclatin 
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note, "The goal network simplex algorithm is exactly the same as the network simplex 

algorithm except for a pricing rule that employs reduced costs for each of the criteria in 

the multi-criteria objective simultaneously" (Ali et al., 1997:193). 

W. L. Price has performed similar work using goal programming manpower 

models. His approach deals with importing advanced network codes into the models, 

again, to make the models faster and more efficient. Improving the speed and efficiency 

of manpower models is a recurring theme throughout today's modeling literature. 

The goal programming structure can be preserved in most cases through 
careful definition of the flow-cost function and through the use of multiple 
arcs in the network. This latter feature is made practical through the use 
of advanced network codes, such as GNET, that are now available. 
Solution times and costs are significantly lower than those obtained with 
the original goal prograinming formulation through the use of generalized 
linear programming codes. (Price, 1978:1233) 

The basic premise behind GNET and other network codes is to simplify the 

model. The set up required for these network codes appears more complex because they 

require multiple arcs, splitting nodes, and summing the flows of the various arcs, but, in 

reality, the model is much faster and more efficient. There is software available to 

perform these additional requirements effortlessly. "It is the large reduction in cost that 

is the principle interesting featiire of the GNET formulation" (Price, 1978:1239). The 

models being developed for this thesis effort do not warrant these types of algorithms and 

network codes. If the models are expanded in the fixture these techniques should be 

looked at more closely to improve model speed and efficiency. 

Optimization Models (Network Flow Problems) 

In an article, addressing multi-period, multi-criteria optimization for manpower 

planning, Joe Silverman discusses the use of optimization models for maipower 
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planning, the structure of those models, the formulation of those models and the 

Tchebycheff method. Optimization modeling was derived from goal programming and is 

a technique capable of manipulating multiple objectives, which is a critical aspect of 

recruitment and accession planning. Silverman states, "In accession planning, we are 

concerned with the selection of a recruitment schedule over multiple time periods, which 

best meets goals pertaining to promotion opportunity, salary expenditures, desired levels 

of experience in the workforce, and requirements for manpower in each of the planning 

periods" (Silverman et al., 1998:160). 

The problem addressed in the article is classified as a multtcriteria trajectory 

optimization problem because (1) the problem spans multiple time periods, (2) the user 

wants solutions at the end of each time period and (3) there are goals for each objective in 

each time period. The term trajectory refers to a path of goals for each of the time 

periods. This set-up is similar to a MINIMAX goal-programming problem where the 

objective to is to minimize the maximize deviations between the trajectory (goals) and 

the actual numbers. 

In the article scenario, Silverman chose the Tchebycheff method to solve the 

multi-criteria trajectory problem. The Tchebycheff method is designed for problems with 

a large number of variables and weights. In these types of problems it is very difficult to 

accurately assign weights because of the large number of objectives. The Tchebycheff 

method eliminates the need for selecting weights by solving the problem multiple times 

within the set of constraints and allowing the user to select the best feasible solution. 

Silverman explains, "The appeal of the Tchebycheff approach is that it generates multiple 
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solution candidates at each iteration, does not ask the user to specify weights, and enables 

one to converge to non-extreme final solutions" (Silverman et al., 1998:161). 

The optimization approach used in this article parallels the Optimization model 

developed in this research effort. The information generated by this model provides 

contracting career field managers with critical information to use in selecting a recruiting 

strategy. This strategy considers all accessions, attritions, and progressions. The 

personnel analysts and the goveming focus of their research effort will determine weight 

selection. 

A.J. Figueira is another expert in manpower modeling arena. Figueria supports 

the use of mathematical programming heuristics in a multi-criteria network flow context. 

Figueira addresses the problem of attempting to locate an optimal solution when the 

model contains conflicting criteria. Figueira and other colleagues have developed a 

heuristic that allows models to locate a feasible solution that is acceptable to the 

conflicting criteria. 

We propose a heuristic method based on Lagrangean duaUty and sub 
gradient techniques, called SG-CPLEX, implemented with CPLEX 
routines to search for feasible points in the neighborhood of the satisfying 
point. This heuristic method exploits the combinatorial structure of 
network flow problems in order to find certain feasible points in the 
indifference area. (Figuira, et al, 1998:878) 

It is important to note that methods are available to deal with conflicting criteria. 

Other algorithms have been developed to solve network flow problems with side 

constraints. Mathies and Mevert explain how using certain network optimization 

algorithms can translate into a more efficient and much faster model than using general 

linear programming optimizers. "Solving the same problem with general linear 
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programming optimizer would take at least 100 times longer" (Mathies and Mevert, 

1998:745). Mathies and Mevert explain how many real world problems contain 

additional constraints that destroy the network structure of the coefficient matrix making 

it necessary to solve the problem using the general linear programming approach. 

Mathies and Mervert discuss ways of handling such side constraints to make the model 

more efficient through the use of a network algorithm. They discuss three such 

approaches, which combine the advantages of both network algorithms and general linear 

programming. 

Army Modeling 

The Army uses many different types of modeling techniques to satisfy various 

modeling requirements. Henry S. Weigel and Steven P. Wilcox discuss the Army's 

various modeling approaches. They explain modeling techniques used, the requirements 

being met by those techniques and the advantages and disadvantages of each technique. 

"The Army's enhsted personnel decision support system combines a variety of modeling 

techniques, such as goal programming, network models, linear programming, and 

Markov-type inventory projection, with a management information system to support 

analysis of personnel plarming issues" (Weigel and Wilcox, 1993:281). The Army 

enlisted models include: Enlisted Loss Inventory Model (ELIM), Computation of 

Manpower Programs using Linear Programming (COMPLIP) model. Military 

Occupational Specialty Level System (MOSLS), Unit Level System (ULS). These 

models use one or a combination of techniques to meet the Army's objectives. 
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The Army's manpower models are designed as a hierarchy of systems. Weigel 

and Wilcox explain, "It is defined here as the process of representing a large problem in 

the form of a sequence of linked models. Each echelon of the hierarchy provides certain 

pre-defined constraints for the next lower echelon" (Weigel and Wilcox, 1993:282). The 

hierarchical structure helps separate each level so analysts can focus their models on the 

issues relating to that level. Each subsequent level uses the constraints of the levels 

above. This sequential approach is necessary because the modeling techniques and 

computer technology available today could not handle the combined requirements of all 

the sequential models at once. 

The ELIM-COMPLIP is a model that accesses flie number of accessions, losses, 

reenlistments and strength by month. "The particular focus of ELIM-COMPLIP is on 

accuracy of projections and flexibility of policy implementation at the aggregate level" 

(Weigel and Wilcox, 1993:282). The modeling techniques used for the ELIM-COMPLIP 

model is inventory projection coupled with linear programming formulation. "The 

objective of the LP optimization is to determine the accessions each month such that the 

sum of the absolute values of the deviations of the projected operating strengths from the 

strength targets is minimized" (Weigel and Wilcox, 1993:282). 

The MOLS model is similar to the ELIM-COMPLIP except it focuses on the 

MOS and grade level of detail, using the aggregate quantities generated by ELIM- 

COMPLIP. The MOLS model is set up in a two-stage hierarchical system of its own. 

The first model, known as the T-Model analyzes training time groups and grades. 

The model is a multi-time-period linear optimization (LP with a large 
embedded network) model using sti-engths targets at the appropriate level 
of detail that are consistent with the targets used in ELIM-COMPLIP. The 

25 



www.manaraa.com

objective of the model is to determine such decision variables as trainee 
graduates, promotions, and reclassifications so as to project strengths as 
close to the targets as possible. (Weigel and Wilcox, 1993:283) 

The second level of the MOLS model is a series of models representing 

the MOS's and grades of a career field. 

The formulation is a multi-time-period pure network representing 
personnel flows similar to those of the T-Model (but at the MOS and 
grade level of detail) and constrained by the aggregate flows of the T- 
Model. (Weigel and Wilcox, 1993:283) 

The ULS model is used to forecast enhsted strength and distribution actions at the 

MOS, grade, and unit level of detail. The constraints for the model come fi-om the 

MOLS models. The model provides the Army with the enlisted distribution plan. It also 

serves as the basis for recruitment. "The forecasting process is a heuristic one with sub- 

optimization at each time period" (Weigel and Wilcox, 1993:283). 

The modeling techniques used in the above models are extensive and many of 

them use a combination of techniques. One of the core techniques used in the Army 

manpower models is inventory projection. Projection modeling works very well in 

military apphcations because the population is easily segregated into different states. "It 

is firequently necessary to model the force by year of service as well as time to the end of 

service, for example. Rank and military specialty are other prime candidates for 

appearance as dimensions" (Weigel and Wilcox, 1993:283). The greatest challenge in 

this type of model is its size; as the model grows in size, the time it takes to process the 

model grows exponentially. "Inventory projections fit in with the "what it?" concept for 

decision support systems very well, as the projection assumptions are input and the 

projection is the output" (Weigel and Wilcox, 1993:284). 
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Most manpower models use some type of linear program. Many of the linear 

programming models use inventory projection as its framework. "Linear programs are 

conceptually more complex than inventory projections, and have a tendency to be treated 

as decision-making systems, as the formulation attempts to find what is the best subject 

to a set of constraints" (Weigel and Wilcox, 1993:284). The biggest advantage of using 

hnear programming over non-linear programming is that linear programming can handle 

much larger problems. Even though most problems in the real world are non-linear in 

nature, many of these problems can be handled using linear programming through the use 

of piece-wise linear approximations. In manpower modeling, the optimal solution 

represents the best course of action for management to pursue in the area of personnel 

retention and recruitment. 

A network structure is the basis of most linear manpower models. Networks are 

represented using node and arc structures. The nodes represent states in the model while 

the arcs represent the rates of flow from and to those states. The capacity that flows into 

and out of these nodes is bounded. "Unless a node has a supply or demand in it, the 

amount going in is equal to the amount going out" (Weigel and Wilcox, 1993:284). The 

arcs direct the flow through the model while attempting to satisfy the objective functioa 

"In military manpower modeling applications, the network structure represents the flow 

of people and their status at different times" (Weigel and Wilcox, 1993:284). The 

disadvantage of a network formulation is that it does not support many of the decision 

constraints required in manpower models. However, there are advantages to its basic 

structure. Special algorithms and network codes have been developed that increase the 
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speed and the ability to handle problems larger than general linear programming codes. 

(Weigel and Wilcox, 1993) 

Another popular linear programming technique used in military manpower 

models is goal programming. "Goal programming is a feature of the objective function in 

which a number of variables are targeted towards objectives. For example, end strength 

is frequently a subject of goal programming" (Weigel and Wilcox, 1993:284). Once 

these end strengths are determined the goal programming model accesses penalties to 

units not meeting the goals set in the model. The further away a unit is from its goal the 

more severe the penalty. The goal of this type of model is to get as close to the objective 

values as possible. "Goal Programming is easily modeled within a network structure, in 

which inventory flows along several target arcs placed between two nodes. Under the 

target, the arcs have incentives, but over the target arcs have penalties" (Weigel and 

Wilcox, 1993:285). 

Multi-criterion goal programming is used when there is more than one goal and 

the goals are in a prioritized hierarchy. This has been very useful in military modeling 

because many of the problems being modeled have a prioritized set of objective 

functions. The model finds the best solution for the first objective function and then 

works its way flirough the rest of the functions based on priority. Each function may 

have alternate optimal solutions, in which case, the model chooses the solution that 

provides the best solution for the next objective function. "This procedure enables one to 

assure decision makers that trade-offs are not being made between objective functions, as 

happens when the objective functions combines goals" (Weigel and Wilcox, 1993:285). 
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Air Force Modeling 

The literature on Air Force Modeling techniques is scarce but after interviewing 

Air Force manpower analysts and reviewing some of their manpower models it is 

apparent that the Air Force, like the Army, uses a variety of modeling techniques. The 

military departments have similar modeling objectives which center on maintaining the 

right number and mix of personnel to accomplish the mission. Both the Air Force and 

the Army are large hierarchical organizations established to carry out part of the DoD 

mission. In many instances, the same contractors are used to develop models for both 

military departments. 

Along with the aforementioned similarities, most Army and Air Force models 

deal with the entire population of their respective departments. This causes some of the 

small but important aspects of the manpower inventory to get lost in the larger objectives. 

For instance, a model that focuses on recruiting a certain number people to support the 

Air Force may not capture the requirements of each career field within the Air Force. 

Not taking each career field into account could cause overages in some career fields and 

shortages in others. This type of problem is what initiated the interest in this research 

effort. While there are models that take into account each career field and even the grade 

mix in each career field, there are no models to specifically analyze skill level mix within 

a career field. Also, there are no models available for career field managers to assess the 

state of their enlisted force. With these types of models available, career field managers 

will have the ability to assess the state of their skill level inventory as well as support and 

defend any position they may have on recruitment and retention practices and policies. 
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Summary 

The techniques used in developing models for this research effort were derived 

from articles presented in this literature review and interviews conducted with Army 

faculty members at AFIT and Air Force manpower analysts at AFPOA/DPY. The 

literature review provided a great deal of insight into the vast number of modeling 

techniques available along with the strengths and weaknesses of each technique. The 

literature search also provided some insight into the types of models used in the military 

today. Identifying the models that have been developed in the Air Force, and, more 

importantly, what information those models provide, helped identify the gap in the Air 

Force's Modeling inventory.   The gap identified in the modeling inventory is the small, 

focused, user- friendly models dealing with specific aspects of individual career fields. 

This gap was fiirther supported by SAF/AQC's interest in tracking enlisted skill level 

inventories. These two discoveries were the driving force behind this research effort. 

This research effort provides a decision support system specifically designed for 

contracting career field managers. AFPOA/DPY has expressed interest in making these 

models available to all career field managers to help them manage their career field's 

skill level inventories. 
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III. Methodology 

Introduction 

This chapter discusses the methodology used in developing a DSS for the 

contracting career field. The DSS is made up of three manpower models: a deterministic 

model, a stochastic model and an optimization model. The maipower models display 

current and future manpower inventory levels based on fiscal year, time in service (TIS) 

and skill level. The chapter begins with a discussion of the personnel involved in the 

modeling effort followed by a brief description of skill levels. The skill level description 

includes an explanation of training, time lines, and grade/rank requirements necessary to 

progress from one skill level to tiie next. The chapter concludes with a description of 

how the models were developed including data requirements and assumptions.   A major 

focus of this research is to build accurate, user-fiiendly models that contracting career 

field managers can use in manpower planning and decision-making. 

Personnel 

The contracting career field in the Air Force is made up of both officer and 

enlisted personnel. This thesis examines the enUsted side of the career field. The interest 

in modeling the enlisted force, based on TIS and skill level, was identified by contracting 

career field managers at the Office of the Secretary of the Air Force for Acquisitions 

(SAF/AQC). These career field managers expressed concern in the recruitment and 

retention rates of their enlisted force. The managers are also concerned with the 

increasing numbers of career airmen opting to retire as soon as they are eUgible. 
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Enlisted personnel enter the contracting career field by either direct or pipeline 

accessions or retraining from another career field. These two distinct options for 

recruiting personnel create challenging issues for career field managers trying to balance 

the career field's manpower inventory. It is important for career field managers to have a 

thorough understanding of how the characteristics of both pipeline and retrainees 

influence skill level inventories. This knowledge is imperative to achieving and 

maintaining the right number and skill level mix of personnel. 

In the last couple of years the majority of personnel entering the contracting 

career field have been retrainees. According to the Air Force Personnel Office, last year 

the contracting career field recruited approximately 180 accessions made up of 

approximately 120 retrainees and 60 pipeline personnel. The large number of retrainees, 

whom are more difficult to track, has increased the need for a tool to assist career field 

manager's access the impact these retrainees have on the future manpower structure of 

the career field. 

The difficulty in tracking retrainees stems from the differences between them and 

pipeline accessions.   Retrainees are fiirther along in their careers, having more rank and 

longer time in service. They also have more ejqjerience in the Air force and upgrade 

earlier to the next skill level. The primary goal of career field nmnagers is to recruit and 

retain the right number of personnel to support the mission while assuring they have the 

right mix of ranks and skill levels to fill all positions. This goal has been challenging 

because of the aforementioned differences, which makes it difficult to predict future skill 

level inventories. 
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Skill Levels 

Skill levels are used in the Air Force to identify where a person is with respect to his 

or her training and experience. These skill levels are attached to the end of the Air Force 

Specialty Code (AFSC) that identifies the career field an individual belongs too. For 

example, a contracting person with a 3-skill level is identified by the AFSC number 

64P3; 64P identifies the contracting career field while the 3 identifies the skill level. 

PIPELINE AND RETAINEE SKILL LEVEL PROGRESSION 

Table 1. Ranks 
Recruits 1-Skill Level 1-Skill Level 5-SkiU Level 7-SkillLeveI 9-SldHLcvd 

Pipeline 
Airmen Basic 
(AB) 

Airmen Basic 
(AB), Airmen 
(AMN), and 
Airmen First 
Class (AlC) 

Airmen First 
Class (AlC), 
Senior Airmen 
(SrA) 

Staff Sergeant 
(SSgt), Technical 
Sergeant (TSgt), 
and Master 
Sergeant (MSgt) 

Senior Master 
Sergeant (SMSgt) 
and Chief Master 
Sergeant (CMSgt) 

Retrainee 
AMN, AlC, SrA, 
SSgt, TSgt, or 
MSgt 

AMN, AlC, SrA, 
SSgt, TSgt, or 
MSgt 

SrA, SSgt, TSgt, 
or MSgt 

SSgt, TSgt, or 
MSgt 

SMSgt, CMSgt 

Table 2. Time to Upgrade 
Recruits 1-Skill Level 3-Skin Level 5-SkUl Level 7-Skffl Level 9^ldli Level 

Pipeline 
Complete 6 
weeks of Basic 
Training 

6 weeks of 
Technical 
Training 

Minimum 15 
months, average 
18 months, 
maximum 24 
months 

Between 1 and 2 
years after 
making SSgt; 5 to 
12 years TIS with 
average 9 years 
TIS 

When promoted 
to the rank of 
SMSgt 

Retrainee 
Immediately upon 
cross training into 
the career field 

6 weeks for 
Technical 
Training 

Minimum 9 
months, average 
18 months, 
maximum 24 
months 

Most are SSgt and 
TSgt or will be 
SSgt in time to 
begin 7 level 
training; average 
4 years time in 
career field, not 
TIS 

When promoted 
to the rank of 
SMSgt 
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Table 3. Training and other Requirements 
Recruits l-Skill Level 3-Skill Level 5-Skill Level 7-Skill Level 9-SMl Level 

Pipeline and 
Retrainee 

Basic Training or Complete Complete 5-skill Minimum rank Minimum rank 
being selected to Contracting level Contracting of SSgt of SMSgt 
cross train into Apprentice Career 
career field technical school 

at Lackland AFB 
Development 
Course (CDC) 
Minimum 15 Miniinum 12 
months upgrade months upgrade 
training (9 training 
months if 
retrainee who 
processed a 5 
ddll level in prior 
career field 
Complete all core Completion of Satisfy all duty 
task training and the APDP Level position training 
other duty II required requirements 
position courses and 
requirements Contingency 
identified by Contracting 
supervisor (CON 234) 

Meet mandatory 
Meet mandatory requirements 
requirements listed in specialty 
listed in q)ecialty description in 
description in AFMAN 36- 
AFMAN 36-2108 2108 and the 
and the Contracting 
Contracting 
Training Plan. 

Training Plan. 
Recommended 
by supervisor 

NOTE: For a more detailed description of the training and knowledge requirements refer 
to the Contracting Career Field Education and Training Plan. 

The above tables display the different requirements of both pipeline accessions and 

retrainees. Training requirements are identical but grade, rank and time requirements are 

significantly different. The largest difference centers on when most retrainees enter the 

career field Most retrainees have attained the rank of SS gt or are promoted to SSgt by 

the time they are eligible to begin 7 level training. This allows retrainees to upgrade from 

skill level 1 to skill level 7 in about one half the time it would routinely take a pipeline 

accession. In other words, pipeline accessions upgraded to a 7-level 1 to 2 years after 

being promoted to the rank of SSgt while retrainees upgraded to a 7-level 1 to 2 years 

after being awarded a 5-level. 
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Table 4. Skill Level Upgrade Timeline 
Average Time to Upgrade 

Skill Level 
Time                      | 

Pipeline Retrainee 
3 3 months 6 weeks 
5 18 months 18 months 

7 9 years 
TIS 

3 to 4 years 
time in career 
field 

Model Development 

Career field managers at SAF/ACQ have expressed interest in a tool that would 

enable them to predict the fiiture state of the enlisted force by skill level. These managers 

have been noticing troubling trends in the recruitment and retention rates within the 

contracting enhsted force. The recruiting and retention rates for first term, second term 

and career airmen have continually decreased over the last decade. These recruiting and 

retention problems have raised career field manager's interest in personnel modeling 

tools. 

The Markovian process is a modeling technique used extensively in military 

personnel models because it provides an accurate projection of future manpower 

inventories. The Markov process is the foundation of this research effort and the 

foundation of all three models that were developed. The Markov models provide career 

field managers with a yearly estimate of 3-, 5- and 7-level inventories for a 20-year 

period. These estimates assist career field managers in making recruiting and retention 

decisions. 

Appendices A and B display two small excerpts of the two Markovian based 

network flow diagrams developed for this modeling effort. These diagrams give an 
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example of how personnel flow from one year to the next and one skill level to the next. 

The full version of each network flow diagram covers 24 years TIS, 3,5, and 7 skill 

levels, and 20 fiscal years excluding the present year. The node and arc structures 

present a clear representation to use in building the spreadsheet models. Each node 

represents a particular state, which is represented by the variable in its center. "A state is 

defined as a subset of the population under consideration whose members are 

differentiated from all other members of the population on the basis of one or more 

characteristics of the individual members of the population. Each member of the 

population must be a member of one, and only one, state of the system" (Merck and Hall, 

1971:5). Each arc represents flow of personnel from one state to the next. Each arc is 

color coded to signify the type of flow: an accession, a loss rate, movement within the 

same skill level, or movement to the next skill level. 

Variable Designation and Interpretation 

The variable structure at the center of each node describes each state in the model. 

"The utility of the Markovian process depends upon the definition of meaningful subsets 

of the population, referred to as "states," from and into which all movement occurs with 

statistical regularity. A state is defined as a subset of the population under consideration 

whose members are differentiated from all other members of the population on the basis 

of one or more characteristics of the individual members of the population" (Merck and 

Hall, 1971:5). 

The variable, Py,/t, is used for pipeline accessions. P represents pipeline; / ranges 

from 0 to 20 representing the fiscal year with a 0 for the current fiscal year and 20 for 

fiscal year plus 20; 7 represents the TIS with 0 for new accessions increasing to 24 for 
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those with 24 years TIS; and k represents skill level with a 3,5, or 7 representing either a 

3-, 5-, or 7-skill level. For example, a ?2.2,3 is a 3 level pipeline accession in fiscal year 

plus 2 with 2 years TIS. 

Retrainee variables were done in a similar fashion. The retrainee variable is ^j.k 

with the -/ subscript added when required. R represents retrainee; / is defined identically 

to pipeline accessions; 7 ranges from 4 to 24 years TIS with 4 representing 4 years TIS or 

less and 24 representing 24 years TIS; k is also defined identically to pipeline accessions; 

-1 represents the years of training in a particular skill level -; for 1 year of training and -2 

for 2 years of training. The -/ is only used when required, to distinguish between two 

variances of a state. For example, a Ri 1,5,3-2 is a retainee in fiscal year plus 11 with 5 

years TIS at die 3-skill level and 2 years of 3 level training. 

Data Requirements 

Data is an integral part of any modeling effort. Without access to accurate and 

timely data, models become more of a liability than a benefit. Specious and untimely 

data leads to erroneous information, which actually leads to inferior decision-making. 

Developing models with accurate and timely data is critical to the capability of the model 

itself and to the user's ability to make improved and more informed decisions. 

Data requirements for this model include: contracting career field loss rates, 

contracting SSgt promotion rates, contracting transition rates or training timelines, 

number of personnel currently in the career field and what state they currently belong too, 

how many people are required in each skill level, and of the current force what 

percentage have 1 year training in there current state and what percentage have 2 years of 

training in their current state. SAF/AQC provided data on the enhsted forces training 
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requirements and training timelines. AFPC provided data on the contracting career 

field's enlisted manpower authorizations by skill level. Headquarters United States Air 

Force, Program Development Division for the Directorate of Manpower Organizations 

(HQ USAF/XPMP) provided data on the current number of enlisted troops including 

what skill level they belong to. AFPOA/DPY provided data on the contracting career 

field's loss and promotion rates. 

Models 

The initial modeling requirement was to build a conceptual framework illustrating 

the growth of both pipehne accessions and retrainees from a 3-skill level to a 7-skill 

level. The resulting network flow diagrams, illustrated in appendices A and B, covers the 

current fiscal year and 20 additional fiscal years to allow for steady state analysis. 

Modeling the steady state allows career field managers to visuahze the consequences 

associated with both short- and long-term decisions. The network flow diagram covers 

both pipeline and retrainees out to 24 years TIS. At 24 years TIS all personnel leave the 

scope of the model because they either reach high year tenure or are upgraded to the 9- 

skill level. 

The transitions of the Markov process used in developing all three manpower 

models in the DSS are described using the tree structure below. "In the Markov process, 

experiments are performed at regular intervals and have the same set of outcomes or 

states" (Goldstein and others, 1998:368). In the three models developed for this research 

effort, measurements are taken yearly and the transitions consist of leaving the career 

field, remaining in the same skill level in the next year or progressing to the next skill 

level in the next year. The total sum entering a particular state must equal the total sum 
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leaving that state, this is know as the conservation of flow. The conservation of flow is a 

method used to maintain accountabihty. The states are represented by nodes and are 

Unked by the arcs or transitions identified above. 

Below is an example of one group, Po<J5, leaving a particular state; the rates 

provided are notional. This is a group of pipeline accessions with 5 years TIS at a 5-skill 

level. In this group 10 percent is lost through attrition, 60 percent remain a 5-skill level 

for another year and 30 percent move to the 7-skill level. This process, dq)icted in the 

diagram below, was accomplished for each and every state for both pipeline and 

retrainees. 

.10        Losses 

60 ► Same Skill Level 

.30 Next Skill Level 

Figure 2. Flow of Personnel from One State 

The Markovian approach is the main support for this research effort and provides 

the fiamework for the decision support system. The decision support system consists of 

three models, a deterministic model, a stochastic model, and an optimization model. The 

Markovian flow diagrams were used as input for developing excel spreadsheets 

representing all the transitions taking place between the states. The home page of the 

decision support system allows the user to select fi:om the 3 models. Each model consists 

of three worksheets, the first worksheet displays the results and changing cells, the back 

two worksheets separate pipeline accessions from retrainees and maps the inflows and 
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outflows of each state. Each model uses the Markovian process for its structure and all 

are user-friendly. The initial worksheet is where career field managers will make 

changes and analyze the effects of those changes. The models display nearly 

instantaneous results to any change. The results section displays actual inventory 

numbers and is color coded to signify when a skill level is under 80 percent manned, 

between 80 percent and 90 percent manned and over 90 percent manned. This decision 

support system provides contracting career field managers with a great deal of manpower 

information, which they can use to make more informed decisions dealing with 

recruitment and retention. 

The deterministic model and the stochastic model are very similar. Both models 

display the current and future skill level inventories based on certain transition rates. The 

deterministic model allows career field managers to change and update loss rates, 

personnel accessions, and SSgt promotion rates as well as analyze the steady-state in5)act 

of those changes. The user is able to run several "what-if scenarios to support 

recruitment and retention decisions and policy changes. The stochastic model is very 

similar with the exception of the loss rates. The stochastic model allows career field 

mangers to access the impact of variable loss rates and to analyze the risk associated with 

each possible inventory outcome. The stochastic model is set up to run simulations based 

on a triangular distribution using plus or minus 15 percent of FY2000 loss rates. 

(AFPOA/DPY stated that the plus or minus 15 percent of FY2000 loss rates covers 99% 

of loss rates encountered over the last 20 years including the personnel draw-down.) The 

FY2000 loss rates were generated by AFPOA/DPY. The simulations allow the user to 

determine how sensitive skill level inventories are to historical loss rates. 
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The optimization model is the last of the three manpower models that make up the 

decision support system. The optimization model is used to generate recruiting sti-ategies 

and to display the results of implementing those strategies. The model is set up to 

minimize the maximum deviation between the actual skill level inventory numbers and 

their respective target values. This model is very user friendly and allows career field 

managers to make changes based on their experience and knowledge, to generate more 

meaningful solutions. Changes are allowed to current inventory, loss rates, promotion 

rates, manpower authorizations, marQ)ower consti-aints, and skill level weighting. 

The weights in the model allow the user to prioritize the under- or over- 

achievement of any skill level based on career field priorities. For example, applying a 

weight to the 5-level underachievement deviational variable forces the model to prioritize 

the underachievement of 5-levels before addressing the other skill level objectives. The 

emphasis given to the skill level depends on the magnitude of the weight and the weights 

applied to the other variables. 

The ability to set consti-aints in the model is another valuable feature of the 

optimization model. This feature allows the user to add real world constraints into the 

model increasing the precision and utility of the solutions. For example, contracting 

career field managers insist that the total manpower inventory must remain above 80% in 

order to successfully carry out the mission. To ensure this objective is met a constraint is 

added forcing the model to only select solutions that maintain the 80% manning 

requirement. 

Another example of constraints is the upper bounds placed on the distribution of 

retrainees. This set of consti-aints forces the model to bring in a realistic distiibution of 
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retrainees. Without the constraints the model may decide to bring in 120 retrainees with 

the same TIS years in the same fiscal year. It is unlikely, if not impossible, to recruit 120 

retrainees with the same TIS in the same fiscal year. This constraint allows career field 

manager's to manipulate the distribution of retrainees and to analyze the difference 

between recruiting retrainees early in their career as opposed to late in their career. The 

optimization model is a very useful and versatile tool, providing the user with a wealth of 

manpower knowledge to use in making recruiting and retention decisions. The 

optimization model is the most powerful and informative tool in the decision support 

system. 

The goal progra mming mathematical model is ... 

Min: Q 

Subject to: 

(l)Wk*[(d-k, d+k)/Tk]<Q 
(2) E(Pi/i + Ri/5) + d-3 - d+3 = Ti 
(3) E(Pi/5 + Ri/5) + d-5 - d+5 = T5 
(4) I,(?iJ7 + mj7) + d-7 - d+7 = T7 
(5) tj>n 84,7 goes from 1 to 24 
(6) ?0J3 < 60, j going from 1 to 24 
(7) Ri/5< 120, / going from 4 to 17 andj going from 1 to 24 
(8) Pijk, R//1, d+k, d-k>0 

d-k = amount by which skill level k inventory goals are underachieved 
d+k = amount by which skill level k inventory goals are exceeded 

tf stands for total skill level inventory with / going from 0 to 24 for current year through 
fiscal year+20 

WA: stands for the weight with^ being a 3, 5, or 7 representing skill level. 

Tk stands for Target inventory with k being a 3, 5, or 7 signifying skill level. 

The objective function and constraints displayed above are used in the manpower 

optimization model. The objective fimction minimizes the maximum deviations between 

the actual inventory numbers and the target inventory numbers. In essence, the model 

minimizes the maximum deviations, either over or under, from the skill level inventory 
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goals based on the weights assigned to those goals. The weights are based on skill levels 

importance to the career field at that particular time. The constraints are used to estabhsh 

target goals and to place caps on the maximum number of pipeline and retrainees that can 

be recruited in any one-year period. The constraints are based on past recruitment 

numbers and the availabihty of training slots. 

Assumptions 

Assumptions were made throughout model development to address certain 

personnel issues and to formulate tractable models. Contracting career field managers 

and Air Force manpower analysts at AFPOA/DPY deemed all assumptions acceptable 

and necessary. 

The first three assumptions are required when using the Markov process. Again, 

these assumptions include: 

1. Each individual is govemed by the Markov process and only the last state 
occupied determines the individuals next state. 

2. The same Markov process applies to all individuals. 

3. All individuals behave independently. 

Other general assumptions include: 

1. Transition rates remain constant. 

2. The categories or states in the model remain constant. 

3. Training timelines remain constant. 

4. Skill level timelines remain constant. 

The remaining assumptions deal mainly with the personnel involved in this modeling 

effort. 
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In order to establish a model based on fiscal year an assumption is required which 

allows all movement within the model to take place at the same time. The assunption 

representing this principle is that all pipeline and retrainees in a particular state are 

considered to have completed that state by the end of that fiscal year. Therefore, 

movement occurs at the end of each fiscal year. This assumption is made to 

accommodate the yearly scale used in all three models. As groups progress through the 

model there are some individuals with more time than others in a particular state, but 

when considering all the states together the differences become negligible. The 

minimum time required for retrainees to upgrade to the 5-skill level presented a modeling 

concern. In reahty, retrainees can potentially upgrade to the 5-skill level 9 months after 

being awarded a 3-skill level. This creates an additional requirement in the model 

because the vast majority of retrainees upgrade in the next state between the 12    and 24 

month. To alleviate this problem it is assumed that all retrainees upgrade to 5-skill level 

between the 12^'' and 24* month after being awarded a 3-skill level. This assumption 

does not significantly affect the accuracy of the model because of the small number of 

people that fall into the 9 to 12 month category. 

All personnel enter the models as a 3-skill level. The assumption is based on the 

fact that everyone in the career field upgrades to a 3-skill level immediately following 

completion of the contracting residents course and the length of time spent, as a 1-skill 

level is 3 months or less. Any individuals in the current inventory holding a 1-skill level 

were placed in a 3-skill level category. This assumption does not have a significant affect 

on the accuracy of the model. 
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The next assumption deals with the length of time retrainees have been in the 

career field. This is important because currently there is no straightforward method of 

determining how long retrainees have been in the contracting career field In order to 

accurately model the current retrainees in the career field the models must determine the 

length of time each retrainee has spent in their current state. Since it takes a retrainee two 

years to progress fi-om one skill level to the next, one-half of the current retrainee 

inventory will have one year or less in their current state and the other half has one to two 

years. This assumption is for all current retrainees except those with 4 years TIS. At 4 

years TIS no rate is required because it is assumed to be the earliest a retrainee enters the 

career field.   This additional assumption places 100% of the retrainees with 4 years TIS 

in the same state. Some retrainees enter the career field prior to 4 year TIS, but this 

number is insignificant. 

50% of the population stays in the 3-skill level for 
another year. 

50% of the population goes to the 5-skill level 

Figure 3. Flow of Retrainees from One Initial State 

Figure 3 represents the 50% assumption.   The figure demonstrates the flow of retrainees 

out of a current state. One-half of the current retrainee population remains in their 

current skill level for an additional year, while the other half is upgraded immediately 

following this initial state. These assumptions were discussed with Air Force analysts 
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and considered reasonable. The analysts concur that the assumption does not have a 

significant affect on the accuracy of the model. 

Loss rates used for pipeline accessions apply to retrainees as well. This 

assumption is required because loss rates are not segregated for pipeline accessions and 

retrainees. They are tied to the career field as a whole. This, of course, is not completely 

accurate because of the mandatory TIS commitments incurred by retrainees, but career 

field managers and Air Force analysts claim that the difference is insignificant. 

Promotion to the rank of SSgt is required to begin 7-level training. The SSgt 

requirement is the primary reason for separating pipeline accessions and retrainees. Most 

retrainees enter the career field with the rank of SSgt or higher or are promoted to the 

rank of SSgt prior to 7-level eligibility. For this reason, the vast majority of retrainees are 

not affected by the SSgt requirement. Therefore, the assumption is that all retrainees are 

promoted to the rank of SSgt prior to 7-level eUgibility. The small number of retrainees 

not meeting the SSgt requirement is insignificant and therefore does not affect the 

accuracy of the model. If the promotion time to the rank of SSgt continues to shorten this 

assumption will become superfluous. 

The pipeline portion of the model includes the SSgt requirement to determine 

when an individual begins 7-level upgrade training. The model accounts for the 

requirement by utilizing Air Force promotion rates. The promotion rates are tied to TIS 

for all pipeline accessions.  The rates determine what percentage of pipeline personnel 

begin 7-level training at 6 years TIS, 7 years TIS, and so on, to 12 Years TIS. For 

example, a pipeline accession that is promoted to SSgt at 4 years TIS, the earhest date 

46 



www.manaraa.com

possible, would complete 7 level training at or prior to 6 years TIS. The assumptions 

made to accommodate this situation are: 

1. Pipeline personnel are promoted to SSgt at the same rates as in the past 

2. The rates for contracting personnel are the same as the Air Force rates 

3. Promotion rates remain constant. 

Career field managers and Air Force analysts feel that these assumptions are reasonable. 

The final assumption in this research effort deals with personnel leaving the 

model at 24 years TIS. This assumption is based on high year tenure set by Air Force 

policy. The policy forces individuals to leave the Air Force after 24 years TIS unless 

promoted to the rank of SMSgt. Even those promoted to the rank of SMSgt leave the 

model because they he outside the scope of the model. 
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IV. Results and Analysis 

Introduction 

This chapter displays the results of the DSS developed for this thesis. Results 

were taken directly from the manpower models using different ejqjerimental sets of 

parameters to demonstrate the capabilities of the models. Each solution set generated is 

documented below along with the parameters used to generate those solutions and a 

synopsis of the results. It is important to point out that all solutions are based on the 

assumptions Usted in chapter 3 and the parameters used during each trial. Career field 

managers possess the knowledge and experience to select appropriate parameters to 

generate practical solutions to improve recruitment and retention decisions. SAF/AQC, 

AFPC, HQ USAF/XPMP and AFFOA/DFY provided all the data used in developing 

these three manpower models. 

Deterministic Model 

The Deterministic model is used to display the steady state inventory based on 

forecasted recruiting projections. The model is also used to determine the effects of 

recruiting changes made to the mix of pipeline and retrainee accessions. The tables 

below display the settings used for each set of inventory results hsted in Figures 4 

through 8. 
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Table 5. Accessions Settings for Deterministic Model 
Model Settings 

Model Settings 
by Figure 

Figure 4. Figure 5. Figure 6. Figure 7. Figure 8. 

Accessions Per 
Year 

60 Pipeline 
120 Retrainees 

85 Pipeline 
95 Retrainees 

120 Pipeline 
60 Retrainees 

ISO Pipeline 
0 Retrainees 

0 Pipeline 
180 Retrainees 

Distribution of Retrainees by TIS 
ns                                                         Number of Retrainees 

4 years 20 15 10 0 28 

5 years 4 3 2 0 4 

6 years 4 3 2 0 5 

7 years 5 4 3 0 6 

8 years 10 8 4 0 12 

9 years 10 8 4 0 12 

10 years 12 10 7 0 15 

11 years 12 10 7 0 15 

12 years 12 10 7 0 15 

13 years 12 10 7 0 15 

14 years 10 8 4 0 12 

15 years 7 5 2 0 8 

16 years 2 1 1 0 3 

17 years 0 0 0 0 0 

Table 5 displays the settings used for each trial of the deterministic model. The 

table illustrates the number of pipeline and retrainees recruited yearly in each trial as well 

as the distribution of retrainees used for that trial. Settings were changed in each trial to 

demonstrate the capabilities of the model. The numbers and distribution in Figure 4 were 

used to illustrate the results of continuing current recruiting patterns. Figure 5 was used 

to illustrate the effects of recruiting a relatively even mix of pipeline and retrainees. 

Figure 6 was chosen to illustrate the effects of recruiting the opposite mix of pipeline 

accessions and retrainees. Figures 7 and 8 were selected to illustrate the effects of 

recruiting from only one group of persoimel. 
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Table 6. SSgt Promotion Rates 

SS<;1 Proiuolion lialcs In  1 IS 

••■■.US   ^: Percentage Promoted 
4 years 13% 
5 years 23% 
6 years 27% 
7 years 22% 
8 years 12% 
9 years 2% 

10 years 1% 
Total 100% 

Table 6 displays the SSgt promotion rates used for all three manpower models. 

The promotion rates are based on fiscal year 2000 promotion rates. High year tenure for 

those that are rot promoted to SSgt is 10 years. These losses are figured into the 10-year 

TIS loss rate. 

Table 7. Contracting Loss Rates 

( oiilraclint! I.( )ss Rules hv IIS             1 

US  ,-., Loss Rates 
1 year 0.118 

2 years 0.160 
3 years •      0.138 
4 years 0.465 
5 years 0.024 
6 years 0.129 
7 years 0.135 
8 years 0.222 
9 years 0.101 

10 years 0.085 
11 years 0.079 
12 years 0.067 
13 years 0.025 
14 years 0.014 
15 years 0.014 
16 years 0.013 
17 years 0.026 
18 Years 0.009 
19 years 0 
20 years 0.403 
21 years 0.307 
22 years 0.455 
23 years 0.375 
24 years 0.625 
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Table 7 displays the loss rates used for all three maipower models. The loss rates 

are based on fiscal year 2000 loss rates. Loss rates have been relatively constant over the 

last three years. Critically high loss rates to emphasize are the ones that occur at the 

conclusion of the first and second enlistments, year four and eight. 

Table 8. Manpower authorizations and Critical Range 

C oiidactins Manpfmcr Authorizations and Critical Range 

Skill Level Manpower 
Authorization 

80% of 
Authorizations 

90% of 
Authorizations 

3 123 98.4 111 
5 848 678 763 
7 509 407 458 

(The critical range was estabhshedby contracting career field managers at SAF/AQC. 

Below 80% is undermanned, 80% to 90% is marginally manned, and above 90% is 

adequately manned.) 

Table 8 shows the manpower authorizations for the contracting career field based 

on skill level. The last two columns represent manpower boundaries identified by 

contracting career field managers at SAF/AQC as critical points in skill level inventories. 

The boundaries establish 3 critical ranges, below 80% manned, between 80% and 90% 

manned and above 90% manned. When a skill level is below 80% the mission is in 

jeopardy, between 80%> and 90% the mission is being accomphshed but the inventory is 

monitored more closely to prevent it from dropping below 80%. Above 90%. manned the 

mission is being accomphshed and there is no imminent threat of being undermanned. 

All three models permit the analyst to alter these decision criteria after receiving 

guidance from the decision maker. 
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NOTE:   The color coding in the figure represents the following: red indicates imder 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 4. 1'* Trial of Deterministic Model 

Figure 4 displays skill level inventories based on the continuation of current 

recruiting patterns, which is to recruit 60 pipeline accessions and 120 retrainees. The 

distribution of retrainee accessions is similar to the retrainee distributions over the last 

three fiscal years. If the career field managers continue to recruit in this fashion, 3-level 

inventories reach steady state at 336 in fiscal year plus 2; 5-level inventories decrease and 

reach steady state at 365 in fiscal year plus 12 and 7-level inventories remain above 90% 

increasing to 633 in fiscal year plus 20. Total inventories fluctuate before increasing 

above 90% in fiscal years plus 14 through plus 20. Although 5-level inventories are 

severely undermanned the overages in 3- and 7-level inventories are large enough to 

overcome those shortages and to maintain total inventories above 90%. 
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NOTE:   The color coding in the figure represents the following: red indicates under 80% manned, 

yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 5. 2"^ Trial of Deterministic Model 

Figure 5 displays the skill level inventories based on recruiting 85 pipeline 

personnel and 95 retrainees as opposed to 60 pipeline personnel and 120 retrainees. The 
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percentages used for the distribution of retrainee accessions are similar to the percentages 

currently used but the number of retrainees in each TIS are smaller to account for the 

smaller number of retrainee recruits. If career field managers decide to recruit in this 

fashion, 3-level inventories reach steady state at 337 in fiscal year plus 2; 5-level 

inventories decline to 358 in fiscal year plus 6 before increasing and reaching steady state 

at 389 in fiscal year plus 12. 7-level inventories fluctuate but remain above 90% through 

fiscal year plus 20. Total inventory rises above 90% in fiscal year plus 2 before 

decreasing to between 80% and 90%. in fiscal years plus 5 through plus 20. Comparing 

these results to the base case in Figiu-e 4 demonstrates the effects of recruiting more 

pipeline accessions and fewer retrainees. An increase in pipeline accessions increases 5- 

level inventories and decreased 7-level inventories because pipeline accessions remain in 

the 5-skill level for a longer period of time. Total inventories also decrease as pipeline 

accessions increase because pipeline accessions face higher loss rates in the early years, 

especially at 4 years TIS. Refer to Table 7 for a closer look at the loss rates. 
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NOTE:   The color coding in the figure represents the following: red indicates under 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 6. 3'^'* Trial of Deterministic Model 

Figure 6 displays the skill level inventories based on recruiting 120 pipeline 

personnel and 60 retrainees as opposed to 60 pipeline personnel and 120 retrainees, 

which are the current recruiting numbers. The percentages used for the distribution of 
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retrainee accessions are similar to the percentages currently used but the number of 

retrainees in each TIS are smaller to account for the smaller number of retrainee recruits. 

If career field managers decide to recruit in this fashion, 3-level inventories reach steady 

state at 337 in fiscal year plus 2; 5-level inventories decline to 356 in fiscal year plus 3 

then increase and reach steady state at 423 in fiscal year plus 12 and 7-level inventories 

decline from 90% in fiscal years plus 1 through plus 8 to between 80% and 90% in fiscal 

years plus 9 through plus 20. Total inventories drops below 80% in fiscal years plus 10 

through plus 13 before rising to between 80% and 90% in fiscal years plus 14 through 

plus 20. Comparing these results to the base case further emphasizes that as the number 

of pipeline recruits increases and the number of retrainees decreased, the 5-skill level 

inventories increase and the 7-level inventories decrease. Again, this is due to pipeline 

accessions remaining in the 5-skill level for a longer period of time. 

NOTE:   The color coding in the figure represents the following: red indicates under 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 7. 4*'" Trial of Deterministic Model 

Figure 7 displays the skill level inventories based on recruiting 180 pipeline 

personnel and 0 retrainees as opposed to 60 pipeline personnel and 120 retrainees, which 

are the current recruitment numbers. This type of recruiting approach is helpful in 

demonstrating the changes that occur from recruiting only pipeline personnel. If career 

field managers decide to recruit in this fashion, 3-level inventories reach steady state at 
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339 in fiscal year plus 2; 5-level inventories decline to 352 in fiscal year plus 3 before 

increasing and reaching steady state at 481 in fiscal year plus 12 and 7-level inventories 

drop below 80% in fiscal year plus 7 and continue to fall ending at 239 in fiscal year plus 

20. Total inventories also fall below 80% in fiscal year plus 7 and continue falling to 

1059 in fiscal year plus 20. These results further emphasis the effects of recruiting 

pipeline accessions as opposed to retrainees. 
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NOTE:   The color coding in the figure represents the following: red indicates under 80% manned, 

yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 8. 5*' Trial of Deterministic Model 

Figure 8 displays the skill level inventories based on recruiting 0 pipeline 

personnel and 180 retrainees as opposed to 60 pipeline personnel and 120 reti:ainees, 

which are the current recruiting numbers. This type of recruiting approach is helpfiil in 

demonsti-ating the changes that occur fi:om recruiting only reti:ainees. If career field 

managers decide to recruit in this fashion, 3-level inventories reach steady state at 277 in 

fiscal year plus 2; 5-level inventories decline before reaching steady state at 255 in fiscal 

year plus 12 and 7-level inventories fluctuate but stay above 90% through fiscal year plus 

20. Total inventories also fluctuate but stay within 80% and 90%) of throughout the 

model. These results illustrate flie negative impact retrainees have on 5-level inventories 

and the positive impact they have on 7-level inventories. Again, this is accredited to the 

short amount of time retrainees spend in the 5-skill level. 
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Cross analysis of the Deterministic Model 

When examining the trials of the deterministic model together two trends become 

apparent. First, the closer the recruiting strategy gets to an even mix of pipeline and 

retrainees, as in Figure 5, the better the overall solution. Some of the other trials 

provided better solutions for individual skill levels but the solution in Figure 5 is the best 

all around solution. This strategy allows 7-level inventories to remain above 100% while 

stabilizing the losses sustained in the 5-level inventories at 389.   The second trend deals 

with the effect pipeline and retrainees have on skill level inventories. As the number of 

pipeline accessions increase and the number of retrainees decrease the 5-level inventories 

increase while the 7-level inventories decrease. The opposite is also true, as the number 

of retrainees increase and the number of pipeline accessions decrease the 7-level 

inventories increase and the 5-level inventories decrease. The reason these changes occur 

is because pipeline accessions remain in the 5-skill level for a longer period of time. The 

reason pipeline accessions remain in the 5-skill level longer is because they must be 

promoted to SSgt in order to begin 7-level training whereas most retrainees are already 

SSgt by the time they enter the contracting career field. These ti:ends demonsti:ate the 

significant capabilities of this model. This type of information can significantly improve 

a career field manager's ability to balance skill level inventories. 

Stochastic Model 

The stochastic model is the same as the deterministic model with the exception of 

loss rates. The stochastic model allows the career field manager to run simulations based 

on variable loss rates and to analyze the effects that the variability has on skill level 
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inventories. The stochastic model also acts as a risk assessment tool by identifying the 

probabihties associated with each inventory outcome. The simulations are based on a 

triangular distribution using current loss rates plus 15 percent as the upper bound and 

minus 15 percent as the lower bound. The triangular distribution is used in situations 

where you know the minimum, maximum, and most likely values. (Crystal Ball 2000, 

2001) Air Force analysts at AFPOA/DPY suggested the distribution type and 

recommended plus or minus 15 percent. The Air Force analysts stated that the upper and 

lower bounds account for all loss rates e5q)erienced in the career field over the last few 

decades including the personnel draw down of the early 1990's. 

The stochastic model was developed using Crystal Ball. The stochastic model's 

spreadsheets closely resemble the deterministic model's spreadsheets with the exception 

of an additional column incorporating the parameters and triangular distribution to run 

the simulations. Each inventory cell in the model, with the exception of the current 

inventory cells, is a forecast cell in the simulation because the skill level inventories are 

the cells of interest. The simulation is set up to run 1000 replications and to generate 

reports on each inventory cell for each time period. The reports provide descriptive 

statistics on how these different loss rates affect a particular inventory at a particular 

point in time. An example of the simulation reports, for each skill level, is presented in 

appendix C. 

The simulation's ou^ut consists of descriptive statistics on the inventory levels 

along with fi-equency charts displaying the results of the 1000 replications. This 

information allows the career field manager to evaluate the risk associated with pursuing 

ultimate strategies in recruiting and retention. The graphic capability enables the career 
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field managers to determine the probabilities associated with exceeding or falling below 

the criterion established for undermanned, marginally manned and adequately manned 

thresholds. A frequency chart illustrating the risk assessment capability is presented in 

appendix D. 

The simulations accompKshed in the stochastic model indicate the predominately 

insignificant effects variable loss rates have on current skill level inventories. The 

simulation reports illustrate an increase in variability as the skill level increases and as the 

forecasts extend to the out years. These changes reflect the increasing number of 

variables involved in upgrading from one skill level to the next and the increasing level 

of difficulty involved in forecasting further out into the ftiture. 

The reports on 3-level inventories indicate that variable loss rates have little to no 

effect. According to the reports, the 3-skill level inventories have almost no variability. 

The largest range is from 335 to 338 with a mean of 337, which translates into plus or 

minus one individual. This range occurs in fiscal year plus 2 and remains constait 

following the steady state inventory through fiscal year plus 20. The reason there is very 

little variability in flie 3-level inventory is because everyone automatically enters the 

model as a 3-skill level, as far as the model is concerned there are no time or training 

requirements to accomplish prior to being awarded a 3-skill level. In reality, an 

individual must complete an in-residence contracting apprentice course before being 

awarded a 3-skill level. The model assumes everyone successfully completed the course 

and was awarded a 3-skill level on time. 

The reports on the 5-skill level indicate that variable loss rates have some effect 

on 5-level inventories. The range in fiscal year plus 1 is from 407 to 413 wifli a range of 
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6 and a mean of 410. The range in fiscal year plus 10 is from 361 to 385 with a range of 

24 and a mean of 371. The range in fiscal year plus 20 is from 361 to 385 with a range of 

25 and a mean of 372. These three points illustrate the pattern that is evident throughout 

the 20-year period. The range starts out small and increases to 20 in fiscal year plus 3 

before beginning a small but steady chmb to 25 in fiscal year plus 20. As the model 

closes in on steady state, the variance stabilizes. The variability in the 5-level inventories 

neghgibly affects the results generated. The variability does not cause any of the 

inventories to fall below or increase above the estabhshed decision threshold values. 

The reason variability exists in the 5-level inventories is because there is 

variability in the process. The variability in the process comes from the time it takes and 

the training required in upgrading from a 3-skill level to a 5-skill level. Individuals 

seeking a 5-skill level must complete a contracting career development course (CDC) by 

correspondence as well as meet other training and time requirements identified in the 

contracting career field's training plan. 

The reports on the 7-skill level confirm that variable loss rates have more of an 

affect on 7-level inventories than any other skill level. The range in fiscal year plus 1 is 2 

with a mean of 596. In fiscal year plus 10 the range grows from 590 to 620 with a mean 

of 604. The range is still growing in fiscal year plus 20, going from 631 to 679 with a 

mean of 651. While there is variability in the 7-skill level inventory it does not 

significantly impact the results generated in this research effort. The reason there is more 

variability in 7-level inventories than in the 3- and 5-level inventories is because there is 

more variability in the time it takes and the training required in upgrading from a 5-skill 

level to a 7-skill level. Individuals upgrading to a 7-skill level must be a SSgt promotee 
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and must meet certain time and training requirements listed in the contracting career 

field's training plan. 

Optimization model 

The optimization model is used to generate feasible recruiting strategies for the 

contracting career field, taking into account constraints on recruitment and minimum 

manning levels. The model displays the recruitment strategy along with the inventory 

projections based on that strategy. The model allows the career field managers to 

identify and emphasize important aspects in their recruitment and retention strategy. 

These weights allow career fieki managers the flexibility to generate feasible schedules 

based on current skill level priorities. 

The tables and figures below represent the settings used for the optimization 

model and results generated by the optimization model. The settings for the optimization 

model are very similar to the deterministic model. Loss rates in Table 7, SSgt promotion 

rates in Table 6 and manpower authorizations and boundaries in Table 8 still apply. The 

difference with the optimization model is that it selects the number and distribution of 

retrainees along with the number of pipeline accessions. The three additional tables 

below hst the accessions numbers, the upper bounds placed on the distribution of 

retrainees and the weights used in each trial of the optimization model. 
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Table 9. Distributions 

Accession per year used for all 
optimization model results 

60 pipeline 
120 retrainees 

1       Upper Bounds applied to the Distribution of Retrainees by TIS        | 

ns 
Upper Bounds for each set of results based on a 

percentage of total retrainees 
Figures 9 and 10 Figures 11-18 Figures 19-26 

4 years 100% 33% 30% 
5 years 100% 7% 30% 
6 years 100% 7% 20% 
7 years 100% 8% 20% 
8 years 100% 17% 20% 
9 years 100% 17% 10% 

10 years 100% 20% 10% 
11 years 100% 20% 10% 
12 years 100% 20% 10% 
13 years 100% 20% 2% 
14 years 100% 17% 2% 
15 years 100% 12% 1% 
16 years 100% 3% 0% 
17 years 100% 0% 0% 

Table 9 displays the total accessions allowed for both pipeline and retrainees in 

any one fiscal year. These numbers represent upper bounds on recruitment; they are 

based on recent recruiting numbers in the contracting career field. These recruiting 

numbers are constrained by funding and training availabiUty. The table also displays the 

upper bounds placed on the distribution of retrainees based on TIS. These upper bounds 

are necessary in order to generate realistic solutions. Without placing upper bounds on 

the retrainee distribution the model may generate a solution that includes recruiting 120 

retrainees with the same TIS in the same fiscal year. Figure 10 illustrates the problems 

that occur when no upper boimds are placed on the retrainee distribution. The results in 

Figures 11 through 18 are based on the upper bound percentages Usted in the third 

column of Table 9. These upper bounds represent recent retrainee recruiting percentages. 

The recruiting percentages were doubled to provide the optimization model with enough 
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flexibility to locate a feasible schedule. The third set of upper bound percentages, in 

column four of Table 9, is based on the contracting career field manager's preferred 

method of recruiting retrainees. Contracting career field managers have stated that they 

prefer recruiting retrainees earher in their careers to utilize them for a longer period of 

time. In their opinion, the contracting career field gets more retum on its investment 

when they recruit retrainees with fewer years TIS. 

Table 10. Skill Level Weights 1 

\\ eights I nder and Over Targets for Each Optimization Trial 

SkUl 
level 

Figures 9 and 10 Figures 11 and 12 Figures 13 and 14 F^ures 15 and 16 Figure 17 and 18  | 

Under Over Under Over Under Over Under ■."Over ;■ -vUnder': •: •;: Qmrer?' 

3 1 1 1 1 1 1 1 2 1 1 

5 1 1 1 1 3 1 5 1 2 1 

7 1 1 1 1 1 1 1 1 1 4 

Table 11. Skill Level Weights 2 
\\ciy;hls I nder anil ()\er lariicls lor Kach ()p(inii/.alioii 1 rial 

Skill 
level 

Figures 19 and 20 Figures 21 and 22 Figures 23 and 24 | 

Under Over Under Over Under Over 

3 1 1 1 1 1 3 

5 1 1 4 1 5 1 

7 1 1 1 1 1 2 

Tables 10 and 11 display the weights used in each trial of the optimization model. 

These weights are applied to different skill levels and in different patterns to demonstrate 

the capability of the optimization model. Weights can be applied to a particular skill 

level and more specifically to the underachievement or overachievement of that skill 

level. For example, a weight apphed to the underachievement of the 5-skill level forces 

the model to place more emphasis on minimizing the underachievement of the 5-skill 

level inventory. The degree to which it minimizes the underachievement of the 5-skill 
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level inventory depends on the magnitude of the weight chosen in comparison to the 

weights applied to the other skill levels. 

An additional constraint used in this model is the lower bound apphed to the total 

inventory. Career field managers stated that if the total manpower inventory dropped 

below 80% the mission would suffer. To prevent that fi-om happening the constraint on 

total inventory forces the model to locate schedules that provide a total inventory of at 

least 1184, 80% of the career field's current manpower authorizations. 

The optimization model is flexible enough to allow career field managers to add 

additional constraints that they feel are appropriate. Career field managers have the 

experience and knowledge to apply meaningful constraints that will enhance the models 

ability to identify feasible schedules. For example, even though the manpower 

authorization for the 3-skill level is 123, flie career field normally maintains 300 or more 

in inventory. If career field managers beUeve this is a requirement, they could simply 

add an additional constraint that would force the 3 skill level inventory to remain above 

300. 

lff!9IIS9l^[B9[^[5BI^B3SB@B!SBSIISBS[ISBSBSBSB!S^ 
NOTE:   The color coding in the figure represents the following: red indicates binder 80% manned, 

yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 9. 1'* Trial of Optimization Model 
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60 Pipeline lyear 6 0 10 1 9 2 8 3 8 4 6 4 5 0 3 0 i 1 2 

Retrainee 4 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 7 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

9 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

11 years 0 36 23 27 56 54 47 64 119 21 0 0 0 0 0 0 0 0 0 61 

12 years 34 84 97 93 64 66 73 56 1 99 120 101 0 0 0 0 0 0 0 0 

13 years 67 0 0 0 0 0 0 0 0 0 0 19 120 0 0 0 0 0 0 0 

14 years 19 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 120 0 0 0 

15 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 120 0 0 

16 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 120 0 

17 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 61 

Figure 10. Recruiting Strategy for 1'* Trial 

Figures 9 and 10 are the result of optimizing skill level inventories with the 

parameters listed in Tables 6 through 8 and 9 through 11 and the constraints discussed 

above. Figures 9 and 10 display the results of placing 100% upper bounds on the 

distribution of retrainees and using a unit-weighting scheme for all skill level inventories. 

If contracting career field managers decide to implement the recruiting strategy suggested 

in Figure 10,3-level inventories reach steady state at 241 in fiscal year plus 2, 5-level 

inventories decline to 224 in fiscal years plus 11 and plus 12 before increasing to 238 in 

fiscal year plus 20 and 7-level inventories fluctuate but remain above 90% through fiscal 

year plus 20. Total inventories decrease but remain stable between 80% and 90% in 

fiscal years plus 9 through plus 20. The major concern with this strategy is that 5 level 

inventories, which are already below 80%, decreases to below 30%. This may be a 

viable strategy if career field managers are willing to accept more 7-levels in place of 

fewer 5-levels 
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Figure 10 displays the recruiting strategy that achieves the inventory results 

displayed in Figure 9. The suggested pipehne recruiting strategy calls for less than 10, 

and, in most cases, less than 5 pipeline accessions each fiscal year. This is significantly 

different than recent recruiting numbers. This strategy is considered unreaUstic due to die 

distribution of retrainees. Allowing the model to recruit large numbers of retrainees with 

the same TIS, in the same fiscal year, leads to unrealistic solutions. For cxzxaple, the 

optimal schedule recruits 120 retrainees with 12 years TIS in fiscal year plus 12. It is 

highly unlikely, if not impossible, to recruit 120 retrainees with the same number of TIS 

years, in the same fiscal year. 
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NOTE:   The color coding in the figure represents the following: red indicates under 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 11: 2"" Trial of Optimization Model 

TB FY 
+1 

FY 
+2 

FY 
+3 

FY 
+4 

FY 
45 

FY 
+6 

FY 
+7 

FY 
+8 

FY 
49 

FY 
+10 

FY 
+11 

FY 
+12 

FY 
+13 

n 
+14 

FY 
+15 

FY 
+16 

FY 
+17 

FY 
+18 

lY 
+19 

my 
+20 

Pipdine lyear 18 0 15 3 14 3 15 7 11 8 10 9 9 7 8 7 8 7 i il 

Retrainee 4 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 8 

6 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 

7 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 years 0 0 0 0 0 4 15 4 7 0 4 0 0 0 0 0 0 0 13 20 

9 years 14 4 20 20 5 20 20 20 20 20 20 20 4 1 0 0 0 0 0 20 

10 years 24 24 24 24 24 24 24 24 24 24 24 24 24 24 13 10 10 1 0 0 

11 years 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 

12 years 24 24 24 24 24 24 24 24 21 24 24 24 24 24 24 24 24 24 24 0 

13 years 24 24 24 24 24 24 13 24 24 15 24 24 24 24 24 24 24 24 24 0 

14 years 10 20 4 4 19 0 0 0 0 13 0 4 20 20 20 20 20 20 20 0 

15 years 0 0 0 0 0 0 0 0 0 0 0 0 0 3 14 14 14 14 14 14 

16 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 0 0 

17 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 96 

nd i Figure 12. Recruiting Strategy for 2"° Trial 
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Figures 11 and 12 are the result of optimizing skill level inventories with the 

parameters hsted in Tables 6 through 8 and 9 through 11 and the constraints discussed 

above.   Figures 11 and 12 display the results of placing the upper bounds hsted m 

column 3 of Table 9 on the distribution of retrainees and applying a unit-weighting 

scheme to all skill level inventories. If contracting career managers decide to implement 

the recruiting strategy suggested in Figure 12, 3-level inventories reach steady state at 

248 in fiscal year plus 2, 5-level inventories decline to 232 in fiscal year plus 10 before 

increasing and reaching steady state at 241 in fiscal year plus 18 and 7-level inventories 

increase and fluctuate but remain above 90% through fiscal year plus 20. Total 

inventories decrease but remain between 80% and 90% through fiscal year plus 20. The 

major concern with this strategy is the same as in Figure 9, the 5 level inventories, which 

are already below 80%, drop below 30%. Again, this may be a viable strategy if career 

field managers are willing to accept more 7-levels in place of fewer 5-levels. 

Figure 12 displays the recruiting strategy that achieves the inventory results 

displayed in Figure 11. The strategy is a result of optimizing inventory levels while 

applying upper bounds to recruiting numbers, upper bounds to the retrainee distribution, 

and lower bounds to total inventories. Figure 12 employs a more reahstic recruiting 

stiategy than Figure 10. The strategy calls for less than 20, and, in most cases, less than 

10 pipeline accessions each fiscal year, this is much lower than recent recruiting 

numbers. This retrainee strategy spans only a small section of the overall spectrum of 

entry points afforded retrainees, concentrating between 9 and 14 years TIS. This strategy 

is slightly different than recent recruiting patterns. 
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NOTE:   The color coding in the figure represents the following: red indicates xmder 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Fig ure 13. 3rd Trail of Optimization Model 
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Retrainee 4 years 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 

5 years 8 8 8 g 8 8 8 4 4 0 0 0 0 0 8 8 0 8 0 0 

6 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

9 years 20 20 20 20 20 20 20 20 20 20 20 0 0 0 0 0 0 0 0 0 

10 years 0 24 24 24 24 24 24 24 24 0 0 9 9 9 1 1 10 1 0 0 

11 years 1 24 0 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 21 

12 years 24 24 5 0 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 0 

13 years 24 16 24 5 19 19 19 24 24 24 24 24 24 24 24 24 24 24 24 0 

14 years 20 0 20 20 0 0 0 0 0 20 20 20 20 20 20 20 20 20 20 0 

15 years 14 0 14 14 0 0 0 0 0 7 7 14 14 14 14 14 14 14 14 0 

16 years 4 4 4 4 0 0 0 0 0 0 0 4 4 4 4 4 4 4 0 0 

17 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 117 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 107 21 

rd> Figure 14. Recruiting Strategy for 3   Trial 

Figures 13 and 14 are the result of optimizing skill level inventories with the 

parameters Usted in Tables 6 through 8 and 9 through 11 and the constraints discussed 

above. Figures 13 and 14 illustrate the results of placing the upper bounds listed in 

column 3 of Table 9 on the distribution of retrainees and applying a weight of 3 to the 

underachievement deviational variable associated with 5-skill level inventories. A unit 

weight is applied to the remaining deviational variables. The objective of this weighting 

scheme is to force the model to prioritize the underachievement of 5-level inventories in 

order to bring them closer to their target value of 848. If contracting career field 

managers decide to implement the recruiting strategy suggested in Figure 14, 3-level 
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inventories increase and remain stable until fiscal year plus 18 where they begin dropping 

to 123 in fiscal year plus 20. 5-level inventories drop in fiscal year plus 1 but level off 

immediately and remain stable from fiscal years plus 2 through plus 20 and 7-level 

inventories increase and remain above 90% through fiscal year plus 20. Total inventories 

increase above 90% in fiscal years plus 2 through plus 19 before dropping to between 

80% and 90% in fiscal year plus 20. 

Figure 14 displays the recruiting strategy that achieves the inventory results 

displayed in Figure 13. The strategy is a result of optimizing inventory levels while 

applying upper bounds to recruiting numbers, upper bounds to the retrainee distribution, 

and lower bounds to total inventories. The strategy calls for 60 pipeline accessions each 

year except the last 3 years which closely follows the current strategy. This retrainee 

strategy spans only a small section of the overall spectrum of entry points afforded 

retrainees, concentrating between 9 and 15 years TIS. This strategy is sHghtly different 

than recent recruiting patterns. 

NOTE:   The color coding in the figure represents the following: red indicates under 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 15. 4'" Trial of Optimization Model 
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TIS FV 
+1 

FY 
+2 

FY 
+3 

FY 
+4 

FY 
45 

FY 
+6 

FY 
+7 

FY 
+8 

FY FY 
+10 

FY 
+11 

FY 
+12 

FY 
+13 

FY 
+14 

FY 
+15 

FY 
+16 

FY 
+17 

FY 
+18 

FY 
+19 

FY 
+20 

Pipeline 1 year 60 60 60 60 60 59 60 60 60 58 60 60 60 50 55 47 37 36 32 60 

Retrainee 4 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 years g g 8 8 6 8 8 8 8 8 7 4 3 g 7 8 0 8 8 8 

6 years 8 8 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 

7 years 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 

8 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 

9 years 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 7 

10 years 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 1 0 0 

11 years 0 24 0 0 6 0 3 3 4 19 12 8 13 11 9 13 24 24 24 24 

12 years 0 24 20 23 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 0 

13 years 14 0 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 0 

14 years 20 15 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 0 

15 years 14 0 14 14 14 14 14 14 14 2 11 14 14 14 14 14 14 14 14 14 

16 years 4 0 4 4 4 4 4 0 4 0 0 0 0 4 4 4 4 4 0 4 

17 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Totals 90 97 100 94 99 95 98 95 98 97 99 95 99 105 102 108 120 120 120 96 

Figure 16. Recruiting Strategy for 4"" Trial 

Figures 15 and 16 are the result of optimizing skill level inventories with the 

parameters listed in Tables 6 through 8 and 9 through 11 and the constraints discussed 

above. Figures 15 and 16 illustrate the results of placing the upper bounds Usted in 

column 3 of Table 9 on the distribution of retrainees and applying a weight of 5 to the 

underachievement deviational variable associated with 5-level inventories and a weight 

of 2 to the overachievement deviational variable associated with 3-level inventories. A 

unit weight is applied to the remaining deviational variables. The objective of this 

weighting scheme is to force the model to prioritize the underachievement of 5-level 

inventories in order to bring them closer to their target value of 848 while also 
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prioritizing, to a smaller degree, the overachievement of 3-level inventories to bring them 

close to their target value of 123. If contracting career field managers decide to 

implement the recruiting strategy suggested in Figure 16,3-level inventories increase to 

303 in fiscal year plus 3 and stays there until fiscal years plus 19 and plus 20 where it 

declines to 299, 5-level inventories decrease and reach steady state at 352 in fiscal year 

plus 5 and 7-level inventories remain relatively stable and above 90% through fiscal year 

plus 20. Total inventories remains between 80% and 90% through fiscal year plus 20. 

Figure 16 displays the recruiting strategy that achieves the inventory results 

displayed in Figure 15. The strategy calls for 60 pipeline accessions until fiscal year plus 

14 where it begins declining to 32 in fiscal year plus 19, before spiking to 60 in fiscal 

year plus 20. These numbers are different than recent recruiting numbers. This retrainee 

strategy spans only a small section of the overall spectrum of entry points afforded 

retrainees, concentrating between 11 and 15 years TIS. This strategy still is different than 

recent recruiting patterns. 

Skill 
Level 

Current 
Fiscal 
Year 

FY 
+1 

FY 
+2 

FY 
+3 

FY 
+4 

FY 
45 

FY 
+6 

FY 
+7 

FY 
+8 

FY FY 
+10 

FY 
+11 

FY 
+12 

FY 
+13 

FY 
+14 

FY 
+15 

FY 
+16 

FY 
+17 

FY 
+18 

FY 
+19 

FY 
+20 

3 ^^^^■^^H^H 5 

7 

Total 1266  |l280 |l277 11306] 125611245 11207|n9711185|l 190 |uS5|l 193 |n86| 1185|n85|l 185 |l 185|ll85|n88| 1185 |l 185 j 

NOTE:   The color coding in the figure represents the following: red indicates imder 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

-th Figure 17. 5" Trial of Optimization Model 
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TK FY 
+1 +2 

FY 
+3 

FY FY 
+5 

FY FY 
+7 

FY FY 
-HI 

FY 
+10 

FY 
+11 

FY 
+12 

FY 
+13 

FY 
+14 

FY 
+15 

FY 
+16 

FY 
+17 

FY 
+18 +19 

FY 
+20 

Pipdise lyear 48 60 60 53 60 49 60 48 60 46 54 41 55 43 45 28 24 21 57 60 

Retrainee 4years ~o" ~o" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 years 0 0 5 8 3 8 8 7 0 0 0 4 0 0 0 8 0 8 0 8 

6 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 

7 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 

8 years 11 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 

9 years 20 0 20 0 10 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 years 24 17 18 0 24 4 0 24 20 20 10 0 0 0 0 0 10 1 0 0 

11 years 24 24 24 0 24 24 24 8 24 24 24 24 24 13 18 17 24 24 24 22 

12 years 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 0 

13 years 17 0 12 24 12 24 22 24 24 24 24 24 24 24 24 24 24 24 0 0 

14 years 0 0 0 19 0 0 0 0 0 0 14 20 20 20 20 20 20 20 20 0 

15 years 0 0 0 0 0 0 0 0 0 0 0 0 1 14 14 14 14 14 14 14 

16 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 0 4 

17 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 120 65 104 75 98 84 94 87 92 92 96 97 93 96 101 112 120 120 83 88 

Figure 18. Recruiting Strategy for 5**" Trial 

Figures 17 and 18 are the result of optimizing skill level inventories with the 

parameters listed in Tables 6 through 8 and 9 through 11 and the constraints discussed 

above. Figures 17 and 18 illustrate the results of placing the upper bounds hsted in 

column 3 of Table 9 on the distribution of retrainees and applying a weight of 4 to the 

overachievement deviational variable associated with 7-level inventories and a weight of 

2 to the underachievement deviational variable associated with 5-level inventories. A 

unit weight is applied to the remaining deviational variables. The objective of this 

weighting scheme is to force the model to prioritize the overachievement of 7-level 

inventories in order to bring them closer to their target value of 509 while also 

prioritizing, to a smaller degree, the underachievement of 5-level inventories the bring 

them close to their target value of 848. If contracting career field managers decide to 

implement the recruiting strategy suggested in Figure 18, 3-level inventories increase and 

reach steady state at 277 in fiscal year plus 2, 5-level inventories decrease and reach 
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steady state at 317 in fiscal year plus 5 and 7-level inventories remain relatively stable 

and above 90% through fiscal year plus 20. Total inventories stay between 80% and 90% 

through fiscal year plus 20. 

Figure 18 displays the recruiting strategy that achieves the inventory results 

displayed in Figure 17. The suggested strategy calls for recruiting between 41 and 60 

pipeline accessions each year except fiscal years plus 16 and plus 18, which calls for 

between 21 and 28. This is shghtly different than recent recruiting numbers. This 

retrainee strategy again spans only a small section of the overall spectrum of entry points 

afforded retrainees, concentrating between 9 and 15 years TIS. 

ntmmaa^jasarsmtemmamamajmimiiammjMmatmtrmimmfmifmi^t^^ma 

NOTE:     The color coding in the figure represents the following: red indicates under 80% maimed, yellow 
indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 19. 6*'' Trial of Optimization Model 

TK FY 
+1 

FY 
+2 

FY 
+3 

FY 
+4 

FY 
+5 

FY FY 
+7 

FY 
+8 

FY FY 
+10 

FY 
+11 

FY 
+12 

FY 
+13 

w 
+14 

FY 
+1S 

FY 
+1« 

FY 
+17 

FY 
+18 

FY 
+19 

FY 
+2« 

PiDdine ivear 60 11 52 16 46 19 47 29 37 33 60 0 60 6 60 60 60 60 0 60 

Retrainee 4 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 years 0 19 18 36 36 36 36 36 36 36 36 36 36 36 36 36 36 24 36 36 

6 years 21 0 0 0 0 21 0 24 0 . 0 0 6 5 6 0 0 0 24 6 24 

7 years 24 24 24 6 6 0 0 0 6 0 0 0 0 0 0 0 0 0 0 24 

8 years 24 24 24 24 24 9 24 0 24 24 24 24 24 24 24 0 0 0 24 0 

9 years 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 0 

10 years 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 0 12 12 12 0 

11 years 12 12 12 12 12 12 12 12 12 12 0 12 12 12 12 12 12 0 12 12 

12 years 12 12 12 12 12 12 12 12 12 12 0 12 12 12 12 9 12 12 12 0 

13 years 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 2 2 0 

14 years 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 

15 years 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 

16 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

17 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 120 120 120 120 120 120 114 114 120 114 90 120 120 120 114 72 90 90 120 98 

Figure 20. Recruiting Strategy for e*"" Trail 
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Figures 19 and 20 are the result of optimizing skill level inventories with the 

parameters Usted in Tables 6 through 8 and 9 through 11 and the constraints discussed 

above. Figures 19 and 20 illustrate the results of placing the upper bounds hsted in 

column 4 of Table 9 on the distribution of retrainees and applying a unit-weighting 

scheme to the skill level inventories. If contracting career field managers decide to 

implement the recruiting strategy suggested in Figure 20,3-level inventories remain 

relatively stable around 288 until fiscal year plus 19 and plus 20 when it declines to 

256 and 266, respectively. 5-level inventories decrease to 296 in fiscal year plus 13 

and fluctuates ending at 312 in fiscal year plus 20. 7-level inventories remain 

relatively stable and above 90% through fiscal year plus 20. Total inventories also 

remain stable and between 80% and 90% through fiscal year plus 20. 

Figure 20 displays the recruiting strategy that achieves the inventory results 

displayed in Figure 19. The strategy is a result of optimizing inventory levels while 

applying upper bounds to recruiting numbers, upper bounds to the retrainee distribution, 

and lower bounds to total inventories. The number of pipeline accessions suggested in 

this strategy fluctuates throughout the 20-year period; it ranges from 0 in fiscal years plus 

12 and plus 19 to 60 in eight of the 20 fiscal years. This strategy is significantly different 

from current recruiting numbers. This retrainee strategy spans only a section of the 

overall spectrum of entry points afforded retrainees, concentrating between 5 and 12 

years TIS. This is similar to recent recruiting patterns. 
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+10 
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FY 
+14 

FY 
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FY 
+16 

FY 
+17 

FY 
+18 

FY 
+19 +20 

J jj^^^^^^^^^^^^^^^^^^^^^^^^^^^^H ■ 
5 ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 
7 ^^^^^H HJUHHI^l ■H 

1 Total  1   1266    1292 ■ ■ ■ ■ 1325|l307|l304|l306|l310 ■ ■ ■ ■ 1330|l205| 

NOTE:   The color coding in the figure represents the following: red indicates under 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 21. 7*'' Trial of Optimization Model 

US FY 
+1 

FY 
+2 

FY 
+3 

FY 
+4 

FY 
+5 

FY 
4« 

FY 
+7 

FY 
+« 

FY 
A9 

FY 
+10 

FY 
+11 

FY 
+12 

FY 
+13 

FY 
+14 

FY 
+15 

FY 
+16 

FY 
+17 

FY 
+18 

n 
+19 

FY 
+20 

Pipeline lyear 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 0 37 

Retrainee 4years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Syears 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 0 

6years 24 6 6 24 6 0 0 0 0 6 6 6 6 6 6 6 24 24 0 0 

7years 0 0 0 0 0 8 6 6 6 0 0 0 0 0 0 0 0 0 0 0 

8 years 6 24 24 6 24 24 24 24 24 24 24 24 24 24 24 24 6 0 0 0 

9years 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 0 

10 years 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 0 0 

11 years 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

12 years 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 0 

13 years 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 

14 years 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 2 2 2 2 0 

IS years 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 

16 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

17 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 114 78 12 

Figure 22. Recruiting Strategy for T** Trail 

Figures 21 and 22 are the result of optimizing skill level inventories with the 

parameters hsted in Tables 6 through 8 and 9 through 11 and the constraints discussed 

above. Figures 21 and 22 illustrate the results of placing the upper bounds hsted in 

column 4 of Table 9 on the distribution of retrainees and applying a weight of 4 to the 

underachievement deviational variable associated with 5-level inventories. A unit weight 

is apphed to the remaining deviational variables. The objective of this weighting scheme 
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is to force the model to prioritize the underachievement of 5-level inventories in order to 

bring them closer to their target value of 848. If contracting career field managers decide 

to implement the recruiting strategy suggested in Figure 22, 3-level inventories increase 

to 342 in fiscal year plus 3 and stay there until fiscal year plus 18 where it begins 

declining to 123 in fiscal year plus 20,5-level inventories decrease to 376 and remain 

relatively stable at around 380 through fiscal year plus 20 and 7-level inventories increase 

and remain above 90% through fiscal year plus 20. Total inventories fluctuate between 

marginal manning and above 90% manning. 

Figure 22 illustrates the recruiting strategy that achieves the inventory results 

displayed in Figure 21. The strategy is a result of optimizing inventory levels while 

applying upper bounds to recruiting numbers, upper bounds to the retrainee distribution, 

and lower bounds to total inventories. The suggested pipeline recruiting strategy calls for 

60 pipeline accessions each year except the last two years. This is similar to current 

recruiting numbers. This retrainee strategy spans only a section of the overall spectrum 

of entry points afforded retrainees, concentrating between 5 and 12 years TIS. This is 

also similar to recent recruiting patterns. 
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Year 
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NOTE:   The color coding in the figure represents the following: red indicates under 80% manned, 
yellow indicates between 80% and 90% manned and green indicates over 90% manned. 

Figure 23: 8"" Trial of Optimization Model 
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TB FY 
+1 

FY 
+2 

FY 
+3 

FY FY FY FY 
+7 

FY 
+8 

FY FY 
+10 

FY 
+11 

FY 
+12 

FY 
+13 

FY 
+14 

FY 
+15 

FY 
+16 

FY 
+17 

FY 
+18 

FY 
+19 

FY 
+2« 

Pipdine lyear 60 11 52 16 46 19 47 29 60 60 40 13 47 60 6 60 60 60 13 60 

Retrainees 4 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 years 0 19 IS 36 36 36 36 36 36 21 36 36 36 36 36 36 36 36 18 36 

6 years 21 0 0 0 0 21 0 24 7 0 0 6 6 0 6 0 24 24 24 24 

7 years 24 24 24 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 24 24 

8 years 24 24 24 24 24 9 24 0 24 24 24 24 24 24 24 24 0 0 0 1 

9 years 12 12 12 12 12 12 12 12 0 12 12 12 12 0 12 12 0 12 12 0 

10 years 12 12 12 12 12 12 12 12 0 12 0 12 12 12 12 12 12 12 12 0 

11 years 12 12 12 12 12 12 12 12 12 12 12 12 12 0 12 12 0 7 12 12 

12 years 12 12 12 12 12 12 12 12 12 0 12 12 12 0 12 12 0 12 12 0 

13 years 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 2 0 

14 years 1 2 2 2 2 2 2 2 2 2 0 2 2 2 2 2 0 2 2 0 

15 years 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 

16 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

17 years 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 120 120 120 120 120 120 114 114 97 88 100 120 120 78 120 114 72 109 120 98 

Figure 24. Recruiting Strategy for 8* Trail 

Figures 23 and 24 are the result of optimizing skill level inventories with the 

parameters hsted in Tables 6 through 8 and 9 through 11 and the constraints discussed 

above. Figures 23 and 24 illustrate the results of placing the upper bounds listed in 

column 4 of Table 9 on the distribution of retrainees and applying a weight of 5 to the 

underachievement deviational variable associated with 5-level inventories, a weight of 3 

to the overachievement deviational variable associated with 3-level inventories and a 

weight of 2 to the overachievement deviational variable associated with the 7-level 

inventories. A weight of one is apphed to the remaining deyiational variables. The 

objective of this weighting scheme is to force the model to prioritize the 

underachievement of 5-level inventories in order to bring them closer to their target value 

of 848 while also prioritizing, to a smaller degree, the overachievement of both the 3- and 

7-level inventories bringing them close to their respective target values of 123 and 509. 
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If contracting career field managers decide to implement the recruiting strategy suggested 

in Figure 24,3-level inventories fluctuate some but remain relatively constant at around 

288, 5-level inventories fluctuate before decreasing as low as 277 in fiscal year plus 17 

before ending at 303 in fiscal year plus 20 and 7-level inventories remain stable and 

above 90% through fiscal year plus 20. Total inventories also remain stable and between 

80% and 90% through fiscal year plus 20. 

Figure 24 illustrates the recruiting strategy that achieves the inventory results 

displayed in Figure 23. The strategy is a result of optimizing inventory levels while 

applying upper bounds to recruiting numbers, upper bounds to the retrainee distribution, 

and lower bounds to total inventories. The number ofpipeline accessions suggested in 

this sf ategy fluctuates throughout the 20-year period; it ranges from 11 in fiscal years 

plus 2 to 60 in 8 of the 20 fiscal years. This sti'ategy is significantly different from 

current recruiting numbers. This retrainee strategy spans only a section of the overall 

spectrum of entry points afforded retrainees, concentrating between 5 and 12 years TIS. 

This is similar to recent recruiting patterns. 

The optimization model selects the number of recruits to bring in, when to bring 

them in and where to bring them in within the boundaries estabUshed by the consti^ints 

in the model. Constraints are selected in a manner that allows flexibility for generating 

solutions. In many of the solutions shown above it appears that the retrainee distribution 

is following the upper bounds placed on the distiibution, but keeps in mind that there are 

many unused cells available to recruit retrainees. 
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Cross analysis of the Optimization model 

In this section, the optimization results are examined in groups to identify and 

analyze trends in the data. The first optimization trial was done simply to demonstrate 

the effects of not applying upper bounds on the distribution of retrainees. The next four 

trials use upper bounds on the distribution of retrainees and weights on the skill level 

inventories. The upper bounds were selected in an attempt to represent recent 

recruitment patterns. The weighting schemes were selected at random to demonstrate the 

capability of the model. The last three trials use a different set of upper bounds for the 

retrainee distribution. This set of upper bounds represents the career field managers 

preferred retrainee recruitment sti-ategy. The weighting schemes for this set of results 

were also selected at random to demonstrate the capability of the model. 

While analyzing the first group of solutions, Figures 11 through 18, the first and 

most visible trend deals with the type of retrainees the model selects. Li all 4 instances, 

the vast majority of retrainees have between 9 and 15 years TIS. Bringing in retrainees 

earlier in the model would cause a significant over manning in the 7-skill level 

inventories. This problem occurs because reti:ainees upgrade to a 7-skill level very 

quickly and remain at the 7-skill level for a very long time. The vast majority remains in 

the 7-skill level until they retire fi:om flie Air Force. 

When examining these four tiials together it becomes apparent that the weighting 

schemes do have a significant impact on the results. The weight schemes do not cause 

any of the skill level inventories to cross any of the estabhshed manning boundaries but it 

does bring them significantly closer to there target values. One reason the weighting 

scheme did not cause movement above or below the estabhshed skill level boundaries is 
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because the 3- and 7-level inventories start out and remain above the 90% manning level 

for the entire time period while the 5-level inventories start out and remain far below the 

80% manning level for tiie entire time period. Considering trials 2 through 5, the 

weighting scheme used in Figures 15 and 16, a weight of 5 on the underachieving 

variable for 5-levels and a weight of 2 on the overachieving variable of 3-levels, provides 

the most balanced solution. This solution only considers the weights selected in flie first 

four trials. Contracting career field managers have the knowledge and experience to 

apply a more appropriate and meaningful weighting scheme. 

The last observation made on the first four trials is the difference in recruiting 

numbers. The second trial. Figures 11 and 12, required relatively few pipeline personnel 

but almost the maximum number of retrainees. This occurred because no weights are 

applied to the 5-skill level. Recruiting more pipeline accession helps increase 5-level 

inventories while recruiting more retrainees helps increase 7-level inventories. The 

remaining three models in this section show a significant increase in the number of 

pipeline accessions because of the weights applied to the 5-level underachievement 

variable. Trials 2 and 3 have much fewer retrainees than trials 4 and 5. 

Trials 6,7, and 8 are xised to examine the consequences of bringing in retrainees 

earlier in their careers. In these three trials. Figures 19 through 24, the majority of 

retrainees enter the model with between 5 and 12 years TIS as opposed to between 9 and 

15 years TIS. This occurs because the upper bounds, placed on the retrainee distribution, 

get significantly tighter as TIS increases. These upper bounds are forcing flie model to 

bring in retrainees early in their careers. The inventory results in these three trials appear 

to be very similar to the inventory results in the first set of trials. 
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The other difference, between the two sets of trials, is the number of accessions. 

Both pipeUne and retrainee recruitment numbers were higher in the last three trials when 

compared to the aforementioned set of trials. One reason for this increase in accessions is 

the higher loss rates associated with individuals having 5,6,7, and 8 years TIS. All 

retrainees entering the career field with between 5 to 8 years TIS must pass through some 

of the largest loss rates in die career field. Once retrainees enter tfie model they follow 

the same transition rates as the others already in the model. 

Summary 

The three manpower models discussed above are powerful tools, which provide 

valuable information for making recruiting and retention decisions. The results shown 

above illustrate the significant capabilities of the DSS. The models are very flexible and 

easy to use. They allow career field managers to make changes based on priorities and to 

observe the impact of those priorities on skill level inventories. 

The manpower modeling results shown in this chapter helped demonstrate 

manpower inventory trends. The deterministic model illustrated how the two categories 

of recruits-pipeline and retrainees-affect the skill level inventories. The trend shows 

that as the number of retrainee recruits increases and the number of pipeline accessions 

decrease, the 7-skill level inventories increase and the 5-skill level inventories decrease. 

The opposite is also true as the number of pipeline accessions increase and the number of 

retrainees decrease the 5-skill level inventories increase and the 7-skill level inventories 

decrease. The stochastic model identified the effects of variable loss rates on skill level 

inventories. The model illustrates that different loss rates do not significantly affect skill 
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level inventories in accordance with the current manning requirements. It also confirmed 

that as skill level increases and the model approaches fiscal year plus 20 the variability 

also increases. The optimization model provides a detailed recruiting strategy based on 

given criteria. The model allows the user to apply constraints and weights to make the 

solution more reahstic. The optimization model illustrates that applying weights to the 

model has a significant affect on the skill level inventories. It also illustrates the 

differences between recruiting retrainees early in their career as opposed to later in their 

careers. While the results were similar, recruiting retrainees later in their careers 

provided slightly better results and required fewer recruits. The reason it requires fewer 

recruits is because the loss rates are much lower after 8 years TIS. 

All three manpower models indicate a severe manning shortage in the 5-skill level 

that will continue unless something is done to correct the problem. Some possible 

solutions are: 

1. Recruit a much larger number of pipeline accessions, which would cause 
serious over manning in the 7-skill level and total inventories. 

2. Shift some of the 5-skill level manpower authorizations to the 3- and 7-skill 
levels. 

3. Adjust skill level time lines to keep retrainees in the 5-skill level longer. 

This chapter demonstrates the capabilities of these manpower models in providing a great 

deal of valuable manpower planning information. 
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V. Conclusions and Recommendations 

Overview 

This research effort supports the development of a DSS for contracting career 

field mangers. The DSS is made up of three manpower models: a deterministic model, a 

stochastic model and an optimization model. (The three manpower models that make up 

the DSS are on the CD attached to the inside cover of this thesis. The software 

requirements are listed on the DTIC Form 530 at the end of this document just preceding 

the SFForm 298.) Conclusions and recommendations where reached through the 

implementation of each model. The models are based on manpower data provided by 

several Air Force organizations and parameters selected by the researcher. There may be 

certain DoD and/or Air Force policies that make some of the recommendations 

infeasible; in that case DoD and/or Air Force policy takes precedence. 

Research Objective 

The primary objective of this research was to develop a user-friendly decision 

support system for contracting career field managers to use when making recruiting and 

retention decisions. The second objective was to provide a modeling tool that would 

forecast steady state skill level inventories based on current and alternative recruiting 

strategies. The third objective was to provide a tool that would allow career field 

managers to analyze the effects that variable loss rates have on skill level inventories. 

The last objective was to provide a tool to generate recruiting schedules based on the 

career field managers input. These objectives have been meet with the three manpower 

models that make up the decision sipport system developed in this thesis. 
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Relevancy of the Research 

This research effort fills a gap in Air Force manpower modeling. The DSS 

developed for this thesis provides contracting career field managers with their first set of 

manpower models to help analyze and manage the career field's manpower inventories. 

These models are also the first and only manpower models in the Air Force that track 

skill level inventories. Having the right skill level mix is critical to accompUshing the 

contracting career field's mission. This DSS is a powerfiil tool for contracting career 

field managers and is a valuable addition to the Air Force's manpower modeling 

inventory. The Air Force Personnel Operations Agency has expressed interest in making 

these skill level inventory models available to all career field managers in the Air Force. 

Summary of Research 

The DSS provides valuable manpower information to assist contracting career 

field managers in making recruiting and retention decisions. Each model in the DSS 

serves a different purpose and provides critical information about the contracting career 

field's skill level inventories. Analyzing the results of all three marpower models 

provides career field managers with a thorough analysis of the primary elements involved 

in building and maintaining their skill level inventories. 

The deterministic model displays current and predicts future skill level inventories 

based on the career field managers input. This model allows career field managers to 

assess the impact of recruiting the same number and mix of personnel over the next 20 

years. The model also allows career field managers to run "what if analyses, based on 
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different recruiting numbers and different recruiting mixes, to gain a better understanding 

of how those changes affect the career field's skill level inventories. 

The stochastic model is very similar to the deterministic model but its purpose is 

to analyze the effects of variable loss rates. The model is used to run simulations based 

on a triangular distribution using plus or minus 15 percent of FY2000 loss rates. These 

values were provided by AFPOA/DPY and cover all loss rates encountered in the last two 

decades including the reduction in force in the early 1990's. The model also provides a 

great deal of statistical information including the probabilities associated with each 

possible inventory outcome. This probabihstic ability serves as a risk assessment tool to 

help identify the probabilities associated with exceeding or falling short of certain 

inventory targets. 

The optimization model is a linear programming model used to generate 

recruiting schedules. The model selects the optimal recruiting schedule while 

considering the available resources, manpower priorities and current constraints. The 

model also displays the inventory results of implementing each recruiting strategy. The 

model allows career field managers to adjust skill level weighting and resource 

constraints to match the career field's current situation. 

Findings 

After completing multiple trials and simulations on each of the three manpower 

models there were several trends that became apparent. These trends make up the 

findings of this research effort and are listed below. 
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Deterministic Model 

The first finding deals with the number of pipeUne and retrainees that are 

recruited each year. As the number of pipehne accessions increase and the number of 

retrainees decrease the 5-level inventories increase and the 7-level inventories decrease. 

The opposite is also true, as the number of pipeline accession decrease and the number of 

retrainees increase the number of 7-levels increase and the number of 5-levels decrease. 

This occurs because retrainees pass through the 5-skill level very quickly and stay in the 

7-skill level for many years whereas pipeline accessions spend more time in the 5-skill 

level before upgrading to the 7-skill level. The reason pipeline accessions take longer to 

upgrade to a 7-skill level is because they must wait until they are promoted to SSgt before 

beginning 7-level training whereas most retrainees are SSgt's when they enter the career 

field 

The severe shortage of 5-skill level personnel is the most critical finding in the 

deterministic model. Within current manpower constraints there does not appear to be 

any combination of recruits that would bring 5-level inventories in line with 5-level 

manpower authorizations. The only way to bring 5-level inventories in line would be to 

recruit more than 275 pipeline accessions each year for 20 years and no retrainees. This 

would bring 5-level inventories above the 80% level by fiscal year plus 8. The problem 

then becomes the 7-level inventories, while 5-level inventories increase above 80% the 7- 

level inventories drop below 80%. The best strategy is to keep an equal mix of pipeline 

accessions and retrainees, which will maintain 7-skill level inventories over 90% while 

sUghtly increasing the steady state of the 5-skill level inventories. It is evident that if the 
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recruitment numbers remain stable in the contracting career field, the shortages in the 5- 

skill level inventories will continue. 

Stochastic Model 

The primary finding in the stochastic model is that variable loss rates do not 

significantly impact the current skill level inventories in accordance with the current 

recruiting and retention initiatives. This model will play a more important role if changes 

are made to bring manpower authorizations more in line with actual skill level 

inventories. 

Optimization Model 

The finding in the Optimization model is to recruit retrainees later in their careers. 

The reason for recruiting retrainees later in their careers is to avoid tiie high loss rates 

experienced in years 4 through 8. If career field managers decide to recruit retrainees 

earlier in their careers they would have to recruit larger numbers of them to offset the 

higher loss rates. The benefit of recruiting retrainees with more than 8 years TIS is based 

on the current trend that once an enhsted member commits beyond 8 years TIS they 

remain in the Air Force and in the career field until they reach 20 years TIS or more. 

Recommendations 

The following recommendations are based on the aforementioned findings. The 

feasibility of the recommendations will be addressed by contracting career field 

managers. The recommendations focus on balancing the skill level inventories of the 

contracting enlisted force. The largest issue involves the severe manpower shortages in 

the 5-skill level inventories. These shortages have been around since the reduction in 
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force in the early 1990's. Equally noteworthy is that the other skill levels have been over 

manned during this time, which enabled the career field to balance the 5-level demand 

Career field managers have made it clear that the career field can successfiiUy accomphsh 

its mission with the 5-skill level shortages as long as there are enough 7-skill level 

personnel to compensate for those shortages. 

The first recommendation addresses the skill level imbalance by recruiting a 

larger number of pipeline accessions and a smaller number of retrainees. A greater 

number of pipeline accessions will increase 5-level inventories because of their longer 

training requirements. The only shortcoming in pursuing this strategy is that it decreases 

7-skill level and total inventories because, similarly, pipeline accessions take longer to 

upgrade to the 7-skill level and their retention rates are lower than retrainees. 

The second recommendation involves increasing pipeline accessions while 

maintaining cross training manning initiatives. This recommendation would increase 5- 

skill level inventories and maintain 7-skill level and total inventories at above acceptable 

levels. Implementing this strategy, however, would further increase the already severe 

overages in the 3-skill level and increase the 7-skill level inventory above 100%. To 

compensate for this, career field managers would have to realign matpower 

authorizations to reflect the adjusted 3- and 7-skill level inventories. 

The third recommendation adjusts the skill level upgrading timelines to cause 

retrainees to serve as a 5-skill level for a longer period of time. This would increase the 

5-level inventories again, but at the expense of the 7-skill level inventories. 

The fourth recommendation adjusts the contracting career fields skill level manpower 

authorizations to more closely match the current skill level inventories. The career field 
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has been successfully carrying out the mission with relatively the same inventory levels 

over the last 10 years. Adjusting the maipower authorization would involve distributing 

a portion of the 5-level authorizations to the 3- and 7-level authorizations. 

The last and most promising recommendation is to offer an incentive that would 

lower the loss rate of first term enHstees. Their loss rate at 4-year TIS is the largest loss 

rate in the contracting career field and is nearly 50%. Of all the recommendations, 

reducing the loss rate at 4 years TIS to 25% has the largest effect on balancing the skill 

level inventories. The difficulty with this strategy involves offering a desirable enough 

incentive to decrease the loss rate by 25%. 

Recommendations for Future Research 

This research effort identifies many opportunities for fiiture research. The first is 

developing similar models to monitor the contracting career field's officer force.   If 

officer manpower models were added, the DSS would cover all contracting manpower 

resources. Another area for fiiture research involves developing models to assign 

contracting personnel to positions based on skill level and manning priorities. This 

would have a huge impact on the career field's manning effectiveness. Finally, some 

qualitative opportunities relating to how to improve recruitment and retention rates, how 

to correct the imbalance among skill level inventories and how to coordinate the efforts 

of career field managers with those of AFPC assignments personnel exist. Answers to 

these research issues would help improve manpower effectiveness and efficiency. 
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Model Strengths 

The greatest strength of the DSS is its abiUty to provide career field managers 

with an in depth analysis of skill level inventories which will lead to more informed 

recruiting and retention decisions. The models are very user-fiiendly and capable of 

being adjusted to meet current priorities and constraints. The models provide nearly 

instantaneous results allowing career field managers to generate the required information 

in a matter of minutes. These models are easily adaptable to other career fields in the Air 

Force. 

Model algorithms were verified by applying common parameters to each of the 

three manpower models, which generated identical results. For example, recruiting 

strategies generated in the optimization model were used as input to the deterministic 

model. Also, loss rates generated in the stochastic model were used as input to the 

deterministic model. All models generated identical results when using the same 

parameters. 

Model Limitations 

The major limitation of the decision support system was the inability to validate 

the models due to the lack of skill level inventory data. Validation will occiu- over the 

next several years by using the model and comparing projected against actual inventories. 

The next limitation deals with flie late model effects that occur in the optimization 

model. Since the optimization model is based on a Markovian process it has difficulty 

generating reahstic solutions towards the end of the model. The reason it has difficulty is 

because the Markovian process is a continuous process, ending the model abruptly causes 
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the model to recruit fewer, and, in some cases, no additional personnel in the last few 

years. 

Another limitation deals with the weighting schemes used in the model. When 

multiple weights are apphed, the largest weights usually have the most effect on the 

model. There are some instances where the weight is to small to overcome a significant 

under- or over-maiming situation, making the weighted variable a second level priority. 

This occurs because some skill levels, like the 5-skill level, are extremely over- or under- 

manned, which forces the model to continue minimizing that difference until the weights 

appUed to other priorities are large enough to override it. This highlights the importance 

of selecting an appropriate weight to meet the career field's objectives. 

Which skill level the weight is apphed to also has a significant affect on the 

model. Placing weights on the 3- and 5-level deviational variables has a more positive 

impact on inventory results then placing weights on the 7-level deviational variables. 

This occurs because of the way the model is designed. The optimization model is a linear 

programming model overlaying a Markovian network flow model. Applying weights to 

the 3- and 5-level variables allow the model to follow its natural flow, which involves 

pushing inventory changes through the Markovian network flow. Weights applied to the 

7-level variables work against the natural flow by forcing the model to pull people 

through the 3- and 5-level inventories in order to affect the 7-level inventories. 

Conclusion 

The decision support system developed in this thesis is a valuable asset for 

contracting career field managers. The tools that make up the decision si5)port system 
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allow career field managers to perform an in depth analysis of the career field's skill level 

inventories. This analysis provides the information necessary to make more informed 

recruiting and retention decisions as well as supporting or debating recruiting and 

retention poUcies. These models could ultimately save the DoD and the Air Force a great 

deal of time and money by more accurately recruiting and retaining the right number and 

mix of personnel. 
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Appendix A. Network Flow of Pipeline Accessions 

Career Field Losses Current Force and New Accessions 

♦ Movement to the next Skill Level 

Fiscal Year (FY) 

TIS (Time in Service) 
and Skill Level 

6 Years TIS 

-► Movement within Skill Level 

FY + 1 FY+2 
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Appendix B. Network Flow of Retrainees 

Fiscal Year (FY) FY+1 FY+2 

TIS (Time in Service) 
and Skill Level 

Skill Level 3 

4 Years TIS R043 

5 Years TIS, R053 

6 Years TIS 
R063 

7 Years TIS R073 

8 Years TIS R083 

9 Years TIS R093 
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Appendix C. Simulation reports on the Stochastic Model 

Crystal Ball Report 

Simulation started on 1/27/02 at 17:46:45 

Simuiation stopped on 1/27/02 at 17:47:21 

Summary: 
Display Range is from 288 to 289 
Entire Range is from 288 to 289 

After 1,000 Trials, the Std. Error of the Mean Is 0 

Statistics: Value 
Trials 1000 

Mean 288 

Median 

Standard Deviation 

Variance 

288 

Skewness 

Kurtosis 

0.34 

2.62 

Coeff. of Variability 0.00 

Range Minimum 

Range Maximum 

Range Width 

288 

289 

Mean Std. Error 

Percentile 
0% 

10% 
20% 
30% 

40% 
50% 
60% 
70% 
80% 
90% 

100% 

Value 1,000 Trials Requency Chart 
288 

.027-f 

288 
288 
288 
288 
288 .014 

288 
288 
288 
289 

289 

0 

.000 iiulu 

0.01 

994 Displayed 

-2? 

• 202 

■13.5 

■n 
n n s n 
3 

• 6.75 

pil|ii4 
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Display Range is from 335 to 338 
Entire Range is from 335 to 338 
After 1,000 Trials, the Std. Error of tiie Mean is 0 

Trials 
Value 

1000 
Mean 337 

Median 337 
Standard Deviation 
Variance 
Sl<ewness 0.33 
Kurtosis 2.70 
Coeff. of Variability 0.00 

Range Minimum 335 
Range Maximum 338 
Range Width 
Mean Std. Error 0.02 

Percentlle Value 

0% 335 

10% 336 

20% 336 

30% 336 

40% 336 

50% 337 

60% 337 

70% 337 

80% 337 

90% 337 

100% 338 

IjHO Trials 

Forecast Si Lwel 3 FY^IO 

Frequency Chart 
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Display Range is from 335 to 338 
Entire Range Is from 335 to 338 
lAfter 1,000 Trials, the Std. Error of the Mean is 0                                                                  1 

Value 
Trials 1000 

Mean 337 

Median 337 

Standard Deviation 1 

Variance 0 

Sl<ewness 0.33 

Kurtosis 2.70 

Coeff. ofVariabiiity 0.00 

Range Minimum 335 

Range Maximum 338 

Range Width 3 

Mean Std. Error 0.02 

Foi«C3StSI(inUv«i3FY+20 

PTrials                  FrequencyChart                991Dis|il!ve(l 

'2 

11 

n 

C 
n 
3 

•fl 

,028- 

.021- 

i   .014. 

0 

.1, Percentiie Value 

0% 335 i 1 

II r 10% 336 

20% 336 j„ 
30% 336 -H Ii ■nil H 
40% 336 ii ■ m il 
50% 337 ■ ■ HUL 
60% 337 

1.. 1'      "IN 70% 337 

80% 337 k        '         '                                        •         •        A 

90% 337 f                                         1 
335             336             337    ,         337             338 

100% 338 

1 1 1 
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Display Range is from 407 to 412 
Entire Range is from 407 to 413 
lAfter 1,000 Triais, tlie Std. Error of tiie iVIean is 0                                                                  1 

.^^. Value ■:.:.-■■ v:^^■■-\■■^^:•^:■■■■■■:.■■::•: 
Trials 1000 

Mean 410 
Median 410 
Standard Deviation 1 

Variance 1 
Si<ewness 0.20 

Kurtosis 2.84 

Coeff. of Variability 0.00 

Range Minimum 407 
Range Maximum 413 

Range Width 6 
Mean Std. Error 0.03 

ForecastSSkiB Level nf+1 

IJHO Trials                 FiefluencvM                SSSDJsubved 

.027- 

.020. 

i 

£ 
0 

DOO. 

1 

■27 

.125 

n 
'13.5 £ 

C 
n 
3 

■6.75  5 

■0 

Percentile Value 
0% 407 

L 
li.i 

10% 408 
20% 409 1  

30% 409 1 ill 
40% 409 i 
50% 410 , 1 1 

1 
itrl 1. 

li. 60% 410 ■ III 70% 410 li ill 80% 410 i                                                      i 
90% 411 407             408             410             411             412 

100% 413 
^^^ 1^^^    1 
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Display Range is from 362 to 384 
Entire Range is from 361 to 387 
lAfter 1,000 Trials, the Std. Error of the Mean is 0                                                                     1 

.■,.■ ■■■■■■■-Value "■■■■.■■•■■■'■^^■■■^\'.::■■■■■■■.::■■■■■;■::. 

Trials 1000 

Mean 372 

Median 371 

Standard Deviation 5 

Variance 23 

Skewness 0.35 

Kurtosis 2.57 

Coeff. of Variability 0.01 

Range Minimum 361 

Range Maximum 387 

Range Width 26 

Mean Std. Error 0.15 

IJBOTriafe                  FrequencyChart                WZDispfcved 

.029- 

.022- 

2   .015- 

£ 
0 

.000. 

■29 

•21.B 

1! 

■ 14.5 n 
c 
n 
3 

.7.25  5 

■0 

Percentile       . Value 

0% 361 

1, 10% 366 

20% 367 1 
30% 368 

1., h 40% 370 
50% 371 

60% 372 

JlJ 

III h. 70% 374 
80% 376 

90% 378 >                                                                           1 

100% 387 
oo!                000                ou                on                dw                 1 

1 
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Display Range is from 363 to 385 
Entire Ranqe Is from 362 to 388 
lAfter 1,000 Trials, tiie Std. Error of tlie IVIean is 0                                                                     1 

• ^Vaiue :.:v;-;,,;''..:^-.:-=-,:.:.; 

Trials 1000 

Mean 372 

Median 372 

Standard Deviation 5 

Variance 23 

Si<ewness 0.35 

Kurtosis 2.57 

Coeff. of Variabiiity 0.01 

Range Minimum 362 

Range Maximum 388 

Range Width 27 

Mean Std. Error 0.15 

Forecast 5Si Level FY+20 

1,(KI0Trials                  FrcqiiencyCliart                SfflDispfeyed 

.028- 

i 
1   .014' 
19 
a 
0 

'28 

■21 

■n 

ft 
■14    £ 

e 
ft 
3 

■' 5 

.fl 

Percentile Value 

0% 362 

1 Ji i 11 10% 366 

20% 368 .i!lhi 
30% 369   11UL 

j 

40% 371 

, 50% 372 II 
60% 373 ■ 1 \\\ 
70% 375 ■ ■■■tt I 80% 377 ' i    •         1 
90% 379 r                                     1 

363             366             374            380             385 
100% 388 

1 
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Display Range is from 595 to 596 
Entire Range is from 595 to 597 
After 1,000 Trials, the Std. Error of the Mean is 0 

Value 
Trials 1000 

Mean 596 
Median 596 
Standard Deviation 
Variance 
Skewness 0.10 

Kurtosis 2.73 

Coeff. of Variability 0.00 
Range Minimum 595 
Range Maximum 597 

Range Width 
Mean Std. Error 0.01 

Percentile 
0% 

10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

Foi«castSI(illLevel7Flf+1 

Frequency Chart 

Value 

595 
595 
595 
595 
595 
596 

596 
596 
596 

596 
597 

100 
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Display Range is from 592 to 617 
Entire Range is from 590 to 620 
lAfter 1,000 Trials, the Std. Error of the Mean is 0                                                                  1 

■■■.■■■"^•■■.:.Value'- .■"•■;:■•' 

Trials 1000 

Mean 604 

Median 603 

Standard Deviation 5 

Variance 23 

SIcewness 0.18 

Kurtosis 2.85 

Coeff. of Variability 0.01 

Range Minimum 590 

Range Maximum 620 

Ranqe Width 30 

Mean Std. Error 0.15 

Fon!castSI(iSUvel7FYi10 

lOOOM                 FieguencvCy                994Dis|ilaye(i 

,025- 

,019- 

i 
i   ,013' 

0 
j; ,006 ■ 

,000- 

. .  1     1 

1 

'25 

18,75 

11 

■12.5 X3 
e 
n 
3 

■6,25  5 

•0 

Percentiie Value 
0% 590 

, 10% 597 

20% 599 w irii^ 
1 30% 601 U' ■H 

40% 602 

Utl 50% 603 

IllJ 

1 

60% 605 

k 70%     , 606 

80% 608 i      ■       '       ■       '       ■       •              i 

90% 610 ffi             596             604            eiO             617 
100% 620 

1 1 1 
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Display Range is from 634 to 672 
Entire Range is from 631 to 679 
lAfter 1,000 Trials, the Std. Error of the Mean Is 0                                                                  1 

Vd^ue 
Trials 1000 

Mean 651 
Median 651 
Standard Deviation 8 

Variance 59 
Sl<ewness 0.22 
Kurtosis 2.74 

Coeff. Of Variability 0.01 
Range Minimum 631 
Range Maximum 679 

Range Width 48 
Mean Std, Error 0.24 

Forecast Skm Level 7 FY+20 

ipTrials                   FrequencyChart                 9MDis(t^ 
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Appendix D. Frequency Chart 

500 Trials 
.0221  

.017 

r 
0 

"2   •011 
■o 

.006 

.OOtf 

362 

Forecast SL5 FY+20 

Frequency Chart 

11 

368 373 379 

Certainty is 11.00% fnom 379 to +lnfinity 

499 Displayed 
11 

r 
385 

8.25 

5.5 c 

(J 

2.75 

The frequency chart displayed above is a risk assessment tool that allows career 

field managers to quickly and easily identify the probabihties associated with exceeding 

or falling short of inventory targets. Frequency charts are available for each forecast cell. 

The probabilities are displayed by shding either arrow to the corresponding threshold 

being investigated. As depicted above, as the arrow moves right the frequency chart 

turns red identifying those outcomes that are below the arrow. For example, in the chart 

above the arrow was moved to 379 where the probability of the skill level inventory 

exceeding 379 is 11% and the probability that the skill level inventory will be below 379 

is 89%. 
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