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e Preface

The rotation of military personnel assigned to
specialties in which there are a large number of overseas
long and overseas short tours relative to the number of
CONUS tours presents unigue problems for the individuals
in those specialties and for the policy makers who must
manage those individuals. Specifically, there are
negative effects on retention due to a high frequency of
overseas tours during a military career that can result in
(1) high system costs due to the movement and replacement

of personnel, {2) an undesirable force mix of experienced

and inexperienced personnel, and (3) a decrease in force

‘!L readiness due to an improper force mix or an actual
shortage of personnel in a specialty. Research in the
area of the rotation of personnel in imbalanced Air Force
specialties resulted in a policy model based on the system
dynamics approach. This report is intended primarily for
decision makers concerned with the rotation of personnel
in imbalanced specialties but may prove useful for
individuals with related interests. No prior knowledge of
the Air Faorce Manpower and Personnel System nor of the
rotation of personnel within that system is assumed. In
addition, no prior knowledge of the system dynamics
methodology is required to read this report.
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Qbstract

A dynamic policy model of the airman assignment and
rotation system has been developed and tested. The model
incorporates aggregate flows, broad-based system
structure, and decision rules that can be used as a tool
for studying the effects of alternative assignment and
rotation policies. Literature research and personal
interviews with Air Force personnel active in the airman
assignment and rotation system were used as information
sources in the model development. The model structure is
developed around the system goal of providing the proper
number of enlisted personnel in the overseas and CONUS
tours so the Air Force mission can be achieved. The model
includes the important information feedback control loops
of the airman assignment and rotation system for
imbalanced AFSCs. Preliminary use of the model for policy
analysis indicates that rotation policies should center

around expansion of the CONUS rotation base.
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THE ROTATION/ASSIGNMENT SYSTEM OF
IMBALANCED AIR FORCE SPECIALTY CODES
WITHIN AIR FORCE COMMUNICATIONS COMMAND:
A SYSTEM DYNAMICS MODEL AND ANALYSIS

I Introduction

Background
United States defense policy dictates that U.S.

military personnel be stationed in different areas of the
world. Assigning personnel to meet these defense
requirements is a complex management process. Smith (Ref
44:1) pointed out that "assignment policies must take
several objectives into account, including maintaining a
high level of readiness and loyalty among overseas
personnel, treating military personnel and their families
equitably, developing successful careers, and minimizing
the cost to the manpower system” (Ref 4621). Resulting
from the set of multiple and often conflicting objectives
is a complex set of assignment policies for military
personnel. These policies govern such things as lengths
of assignments (tours), compensation, accompaniment status
for tours, and availability of personnel.

In general, U.S. policy is to change overseas
personnel continuously. The alternative to this policy
would be to permanently assign personnel to autonomously

managed U.S. commands. For social, political, and
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: military reasons, this alternative 1is considered

' - unacceptable to most U.S. policy makers (Ref 46:1).

‘f Therefore, military personnel are sent to specific

f? assignments for a set length of time and then relocated.
. "Periodic relocation is referred to as rotation” (Ref
e 456:1).

3 The assignment and rotation process in the uUnited
States Armed Forces has two basic classes of tours: CONUS
(Continental United States and Hawaii) and non—-CONUS.
Rotation can occur within a class or between classes. For
example, personnel can move from one CONUS assignment to
anather CONUS assignment or from a CONUS assignment to a
non—-CONUS assignment. Non—CONUS assignments include long

‘l; overseas tours and short overseas tours. Short overseas
tours are generally 1located in remote areas and are

unaccompanied. CONUS contains a manpower pool referred to

as the rotation base. Individuals are drawn from this
pool to rotate to non-CONUS tours.

Smith (Ref 46:1) pointed out the reasons for the
concern the Department of Defense (DoD) has over rotation
policies and the rotation base:

Rotating service personnel is expensive and affects
force size, productivity, efficiency, and morale.
Recent emphasis on reduction of costs incurred from
permanently relocating military personnel and their
dependents (Permanent Change of Station or PCS
moves) has implications for the size and
composition of the rotation base. Additionally,
the rotation system affects first-term attrition
and career—force retention and has implications for
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manpower policies such as first-term/career mix,
‘ B civilian/military subsititution, and the number and
' type of occupations women are assigned to in the
military. Jo fully assess future manpower policies
and these rotation-related issues, DoD needs a
better understanding of each service’s rotatien
K policies and practices along with the rationale
' supporting them. (Ref 464:2)

¥ In addition to Smith’s work, Chow and Poich (Ref 11) showed

Tl S SN

that rotation imbalance in a specialty has moderate
correlation with reenlistment rates.

USAF Rgtation Policies. Each branch of the United
States Armed Forces has its own set of problems associated
with the rotation of its personnel. Smith (Ref 46) pointed

that the United States Air Force (USAF) has a minor problem

!
X
;

with rotation when compared with the other services. "“In
35 of the 358 Air Faorce Specialties (AFS), overseas
requirements create imbalances in personnel flows between
overseas and CONUS assignments. These specialties are
referred to as CONUS/Overseas Imbalanced Skills. This
condition affects 34,000 of the 422,000 Air Force enlisted
military personnel” (Ref 46:1).

The USAF has a general rotation policy that "minimizes
family separation and thereby negative effects on retention
behavior™ (Ref 446:1). This policy has three facets:

1. There can be no more than eight years overseas

service time in a 20 year career.
2. Airmen must have at least 24 months CONUS time

between involuntary overseas tours.




SO 3. There can be no more than two remote tours in a 20
! = year career. (Ref 6:69)

(? Air Force Manpower and Personnel Center (AFMPC)
;é resource managers report that the ideal ratio for CONUS to
II overseas authorizations in a given Air Force Specialty Code

(AFSC) 1is 3:1 (Ref S54:1). That is, if an AFSC has at least

PR

e fr tae
efalale

E? three CONUS authorizations for every overseas |
authorization, the conditions outlined above can be
achieved. Those AFSCs for which any one of the above

conditions are not met are referred to as imbalanced AFSCs
and are placed on the Unsatisfactory Rotation Index (URI)

list (Ref 6:169). "An AFSC can be imbalanced due to a

disproportionate number of remote tours, overseas 1long
tours, or both" (Ref 8).

The Air Force seems to be concerned that failure to
achieve its rotational objectives causes a decrease in
morale and job satisfaction and an increase in the
separation rates. Policy guidelines have been given with
the 1intention of creating a more desirable ratio of CONUS
to overseas authorizations (Ref 6:69-71). Programs have
been initiated at AFMPC with the intention of increasing
individuals’ participation in the assignment system (Ref 8
and Ref 235),

An increase in separation rates can also be partly
attributed to the need for skilled technical people outside

of the military. There is evidence that the level of
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compensation has some affect on separation rates (Ref 25).

For example, two imbalanced AFSCs within Air Force
Communications Command (AFCC) are Telecommunications
System/Equipment Maintenance Specialist and

Telecommunications Systems Control Specialist (see Table
1.1). If the demand for individuals with these types of
skills is higher than the supply, it 1is 1likely that

salaries will be increased to a level that is higher than

that received by military personnel possessing those
skills.
AFSC Specialty Title
293X3 Ground Radio Operator
304X0 Wideband Communicaions
ay Equipment Specialist
gg o 304X6 Space Communications System
0 Equipment Operator/Specialist
. 30499 Ground Radio
o Communications Superintendent
> 306X1 Electronics Mechanical Comm
‘_ & Crypto Eqp Sys Specialist
"2 306X2 Telecommunications Sys/Eqgp
Maintenance Specialist
307X0 Tele-Comm System

Control Specialist

YR

Table 1.1. Airmen Communications and Electronic
Specialties With Unsatisfactory Rotation Indexes

Rotation Praoblems within Air Force Communications Command

i - A

: Accounting for a portion of the heaviest USAF

g imbalances are AFSCs in the communications and electronics

ﬁ areas. The majority of personnel with these
5
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communications and electronics AFSCs are assigned to
locations under the responsibility of Air Force
Communications Command (AFCC) (Ref 25). Table 1.2 shows
the space imbalances in these career fields. Table 1.1
shows airmen specialties primarily assigned within AFCC
that have been given Unsatisfactory Rotation Indexes
(URI). Refer to Appendix A for a description of the AFSCs

Y listed in Table 1.1.

| Airaen Ne. of  Strength  Authorizations Rotation Base
& Career Field Group AFSCs COMUS 0/§ CONUS 0/S Requiresent

Communications 304 4 2751 2873 2052 3391 4602
Electronics 306 1 120 172 147 133 184
307 4 2017 2567 1269 7308 3069

4 ’ Table 1.2. CONUS/OVERSEAS Space Isbalances In
Comsunications and Electronics Career Groups

€ v

. Due to the great complexity of the assignment and rotation
E process, USAF rotation policies must have a systems
orientation. The assignment and rotation system
effectiveness is largely determined by how well the
implemented policies control the assignment and rotation
system as the rotation process is acted on by internal and
external environmental factors. The internal environment
includes the processes of training, promotion, assignment

; . and rotation. Associated with these processes are such
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things as tour lengths, overseas requirements, size of the
rotation base, promotion and separation rates from one
airman grade to another, bonuses paid for reenlistment,
and delay times for training, promotion and rotation. The
external environment encompasses the perceived need for
overseas personnel, the reaction of U.S. policymakers to
the perception, the U.S5. national labor market, the needs
and problems faced by the other branches of the U.S5. Armed
Farces, and requirements and constraints placed on the
system by the executive and legislative branches of the
U.S. government. The interrelationships and interactions
between the environment and the assignment and rotation
process define the assignment and rotation system within
the USAF. Understanding the structure of the
relationships and interactions and developing apprapriate
policies are necessary for decision makers to be able to
effectively and efficiently control the system.

Policy makers have previously relied on their
judgement, intuition, and experience in setting policies.
Analytical models of portions of the system have been
built as a supporting tool. Some of these analytical
models are reviewed in Chapter Two of this thesis. In
short, these models fail to take into account the
interrelationships and interactions of the complex
assignment and rotation system. Large-scale, isomorphic

simulation models have also been built as a supporting
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= tool. Although these models were built with the
- capability of reflecting the complex interactions and
interrelationships of the system, they have seen very
limited use. The data required for a typical "run" of aone
of these large—-scale models is generally very extensive,
and the cost of computer time for a run is generally quite
high. These models are also reviewed in Chapter Two.

Forrester (Ref 16:1) developed a methodeology for

dealing with problems that resulted from complex system

N behavior. This methodolagy, originally Eeferred to as
a industrial dynamics, is now referred to as system
dynamics. This methodology allows the policy maker to

benefit from the development of dynamic models, from the

‘ZQ understanding of the system gained in developing the model
and from the information gained from operating a
"completed" model. A dynamic policy model of the airmen

assignment and rotation system would provide policy makers
with a valuable tool to use in the evaluation of potential

rotation policies.

Problem Statement

A dynamic policy model of the airmen assignment and
rotation system did not exist prior to the beginning of
this research. A dynamic policy model incorporating
- aggregate flows, system structure, and decision rules will

enable policy makers to study the effects of policies and




AN e 4 e e i LA AL D P ayie e

environmental changes over time. Additionally, a policy

model would allow policy makers to easily test the
behavior of the system under different structural
assumptions.

Study Purpose

The purposes of this research are to examine the
structure of the airman assignment and rotation system,
determine how to capture that structure in a dynamic
model, and demonstrate how the model can be used to
evaluate rotation policies. With an increased
understanding of the structure and behavior of the airman
assignment and rotation system, progress can be made

toward addressing undesirable system performance.

Objectives

The objectives of the research described in this
report were:
1. To review possible methodologies that could be used

for developing a model of the airman assignment and

t rotation system and to choose the most appropriate

E methodology for addressing undesirable system performance.

3 2. To determine the important factors and relation-
ships that exist in the internal and external environment

of the airman assignment and rotation system.

3. To develop a policy model of the airman assignment

and rotation system.
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4. To verify and validate the madel.

3. To use the model to evaluate a specific policy area
and provide information on the use of the model for policy
analysis.

6. To use the model to identify a policy which leads
to improved behavior of the airman assignment and rotation

system.

Scope

The primary thrust of this research was to understand
and model the airman assignment and rotation system. The
following methodologies were reviewed as candidates for
modeling the system: (1) Markov modeling, {(2) Isomorphic
madeling, and (3) the System Dynamics approach. A dynamic
model of the airman assignment and rotation system was
developed using the system dynamics approach. The model
presented here was developed at a fairly high level of
aggregation. The model examines one Air Force Specialty
at a time. Model inputs are taken from AFSCs within the
Communications and Electronics areas (see Table 1.1). A
description of these AFSCs is given in Appendix A. The
output of the model was designed to show short-term
effects as well as 1long-term trends associated with a
specific policy implementation.

Exogenous input factors include desired manning

levels by skill level, desired manning levels for overseas
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long and short tours, inital manning levels, "normal”
separation rates from skill levels, pay and compensation
levels, and the 1length of the national economic business
cycle. Bonuses are generated in the model as a response
to manning levels subject +to political constraints.
Separation rates are affected in the model by pay and
compensation, bonuses, and rotation conditions subject to

economic constraints.

Overview of the Report

The literature relating to manpower planning models

is reviewed in Chapter Two, Manpower and Personnel
PI--ning Approaches. Three primary approaches dominate:
1) fractional-flow Markov modeling, (2) isomorphic

simulation modeling, and (3) system dynamics modeling.
The basic assumptions of Markov madeling are flow
conservation, equilibrium, and the Markov property.
Isomorphic models simulate individual entities from the
system being modeled. The system dynamics approach
focuses on feedback processes. Two rotation of forces
models have been developed. One uses a Markov model, and
the other uses an entity simulation model. These two
examples, as well as other examples of manpower planning
models, are presented. An overview of the system dynamics
approach is presented and reasons are given for choosing

the system dynamics methodology for the development of the

1
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R model of the airman assignment and rotation system.
Described in Chapter Three, The Model, are the airman
assignment and rotation system, the system dynamics model,
and how the model reflects system behavior. The
conceptual structure of the system and the two sectors are
presented. The intraduction to the chapter includes an
introduction to system dynamics concepts as well as the
major concepts of the airman assignment and rotation
system.
Described in Chapter Four, Model Testing and
Validation, are the structural and behavioral tests that
were performed on the model.
Described in Chapter Five, Policy Experimentation,
‘l; are the five policy tests that were conducted, as well as
the results of those tests.
Chapter Six, Summary, Recommendations and

Conclusions, contains the summary of the model,

recommendations for further study, and concluding comments

on the research effort.

Summary

Chapter One has presented the problem, study purpose,
research objective, and a brief summary of the issues

involved in the rotation of military personnel. Chapter

Two will present other methodologies that were

? investigated. An overview of system dynamics, the
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methodology used in this research, is presented in the

fourth section of Chapter Two.
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I Manpower Planning Model Literature Review

Introduction

The objective of this literature review is to examine
approaches to manpower and personnel policy analysis.
Three approaches dominate: (1) fractional-flow "Markov"
modeling, (2) ‘“isomorphic" simulation modeling, and (3)
system dynamics modeling. The fractional—-flow approach to
manpower modeling is quite prevalent within the Department
of Defense (DoD). The basis of many U.S. Armed Forces
manpower planning models, “though not explicitly stated,

is the cross—sectional model with its fractional flow

assumptions” (Ref 20:89). "Isomorphic"” simulation models,
also known as entity models, “treat personnel as
individuals" (Ref 55:2). Each person in the system being

modeled is classified and accounted for in the model of
the system. System dynamic models of manpower and
personnel systems are primarily concerned with aggregate
flows rather than the occurence of discrete events.
Although system dynamics has been applied to many areas of
marketing and industry, the approach has not been widely
used in policy analysis for manpower and personnel
systems. For reasons that will be given in this chapter,
system dynamics promises to be a useful methodology for
approaching the research topic described in Chapter One of

this thesis.

14
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Distinction between “Manpower" and "Personnel”. To

avoid confusion on terminology, the distinction between
the terms “manpower" and "personnel" must be established.
This distinction is unique to the Air Force. The terms
appear to be interchangeable in the literature that is not
written for Air fForce applications, including that written
for the other Armed Forces.

The term “manpower" refers to the authorization for
people. A manpower function would be concerned with the

proper number of people of a certain skill or rank that

are needed by specific organizations. A manpower
organization concerns itsel+ with these people
requirements. The term "personnel" refers to the
acquisition, training, and assignment of people to

authorizations or billets with people. The two terms will
be used interchangeably except during discussions of
models written specifically for Air Force applications.

Scope and Method of Assessment. Each of the three
approaches to manpower and personnel modeling will be
reviewed in the following manner:

i. An overview of the approach will be given, and the
assumptions and basic structure of the models will be
stated.

2. Several examples of the approach will be
explored.

3. The validity and utility of models developed under

15




the approach will be examined.

This review will conclude with a summary of the
advantages and disadvantages of possible methodologies
that could be used to investigate policy issues that apply
to the research topic. A choice will be made from these
methedolagies. This choice will be justified in terms of

suitability and utility.

Fractional Flow Models

Overview. Fractional flow madels are often called
"Markov" models. The latter term may be misleading, since

it implies "a stochastic decision rule that governs

promotion policy for each individual in the system” (Ref
21:1). The deterministic, fractional flow interpretation
of the model was preferred by Grinold and Stanford (Ref

21). "The organization as a mattter of policy decides to

promote a fraction of people in rank 1 to rank 2 each
year" (Ref 21:2). This deterministic interpretation
implies that fractional flow models are essentially
“expected value" models.

Fractional flow models employ Markov—chain theory.
That is, the systems being modeled are assumed to have the
Mar kov property. Knowledge of historical personnel
movement prior to some accounting time t is not required.
There are three types of fractional flow models that

employ Markov-chain theory. First, cross—-sectional models

16
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use information about the current stock of manpower to
predict <future manpower behavior. Second, longitudinal
models are based on the assumption of persistent patterns
over time. Unlike cross—-sectional models, information
about the current stock of manpower is not sufficient to
predict manpower behavior over time. Third, hybrid models
emplaoy craoss—sectional data vyet capture longitudinal
effects. (Ref 20)

In this section, overviews will be given of
cross—-sectional models and longitudinal models. Follo&ing

the overviews, some general examples will be given of both

types of models. Hybrid models will not be specifically
addressed. An excellent discussion of hybrid models is
a. given in Grinold and Marshall (Ref 20). This section will

conclude with two important examples:
1. Hall and Moore <(Ref 24) developed a stochastic
personnel flow model that addressed uncertainty and

near—-term aspects of work force modeling. This model is

unique since these two aspects are wusually ignored in
Markov models.

2. Wilson and Griffin (Ref 54) developed a Markov
model for the rotation of military personnel. This model
is of special interest since it helps to define the
problem at issue in this thesis.

Cross—-sectional Models. Cross—sectional models are

concerned with how a system changes from one set of stock

17
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levels is'(t)} at time t to another set {s'(t+1f§ at time
(t+1). The required data comes from the cross—-sectional
structure of the system at time t.

Manpower is partitioned into N classes with class O
representing manpower outside the organization. Flow from
class i to class j is represented by fli(t). Thus, f;, (t)
represents the number of individuals who leave the system
in period t. Flow conservation, a basic assumption of all
fractional flow models, can be stated in the following

form (Ref 20:7):

N
2Fp (B) = s, (L), (k+1) £, 0. (1)
i=0

Equilibrium is another basic assumption of the

Markov-modeling approach to manpower systems. Manpower

maodeling experts do not believe that many manpower systems

f are in equilibrium (Ref 20:10Q), “However, the
*. simplifications that result in analyzing an equilibrium

system make for a useful approximation to the actual

system and the equilibrium consequences of any fixed

?g (stationary) policy is essential in uncoverng the
Eg direction of change implied by the policy and for
E; discovering the policy’s 1long run implications” (Ref
T, 20:10). Most systems are probably transient systems on
Ei their way to equilibrium or steady state (which they may
% never reach). It should be noted that not all systems
B that are modeled using the Markov-modeling approach
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require the equilibrium assumption —— manpower systems do.

To complete the mathematical description of the
Markov model, let q;; (where ogq,lg1.o for all i and j)
partition the stock of manpower in class j into fractions
that flow into each class i. Thus, in terms of stocks
sj; (t), flows fll(t), and fractions of flow Q5 s the model
can be stated as follows (Ref 20:20):

N N
s (t) =|2_:f” (t) = fg, (t)+§1q”si(t-—l)
) for j = 1,2,...4N (2)
Far a more convenient matrix form.of the model, refer to
Grinold and Marshall (Ref 20:21-22).

The model is deterministic; all flow rates for all
future times must be known, and stock levels for each
class can be found for a future point in time if the
current stock levels are known. This type of
cross—sectional model is useful because of its simplicity
and the need for only current, cross-sectional data. A
major drawback of this formulation lies in the assumption
“that flow from one class to another is independent of the
time an individual has spent in a class” (Ref 20:91). In
many systems, time in a class is a key factor in
determining availability for promotion or movement. Also,
the distribution of ¢time in a class is not constant over
time. This 1is the case for military manpower systems.

The assumption is not true in many applications.

19




o Longitudinal Models. Longitudinal models "are based
!I on the entire history of the group" (Ref 20:91). The

assumption of time independence does not have to hold.

The models are more general and try to describe the flow
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models are more applicable in certain applications than

are cross—-secticnal models. There are, however, much more
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assumed to contain N classes of manpower. Inflow is
partitioned into K different paths or chains. (Ref 20:92)
For example, airmen entering an Air Force Specialty Code
(AFSC) could be classified according to status at the
4-year point; that is, whether the individual reenlists,
separates after his initial commitment, or separates
prematurely.

Longitudinal models also use Markov-chain theory.
Probabilistic fractional flows are dealt with more easily.
More general flow processes can be modeled. As stated
before, longitudinal models have greater data
requirements. "Hybrid" models have been developed that
"gseek some compromise between the basic longitudinal and
cross—sectional models" (Ref 20:155).

Examples. Most manpower models are operated over
relatively 1long time horizons and involve some uncertainty

in future manpower requirements. These models are usualy

20
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formulated as "long-term optimization models" (Ref 20:186)
and are built around particular objectives. Every
organization has somewhat different constraints and
objectives. Most sensitivity analysis is accomplished by
varying policy parameters. The decision maker can vary
the input data and explore a range of alternatives.
Sensitivity analysis 1is not accomplished by varying the
model assumptions. Once the basic structure is
established, the model will generate results based on the
assumptions of the model. In this ser e, the model is
"solved"” or “optimized". "Optimization” problems are
concerned with finding good (in relation to the given set
of objectives) long-range operating policies for the given
structure of the planning model.

Flynn (Ref 13) developed a deterministic Markov
decision model of a system consisting of productive units
which age. The model is directed toward the military
manpower system but could be used for any similar system.
The model seeks to "optimize" retention policy and is
formulated as an infinite-horizon deterministic model.
The units in the model may leave the system early or
ultimately retire. The production rate is assumed to be a
linear function of the number of units in different age
groups. Decisions on wage and recruitment are functions
of time and the current state of the system. Under the

praductivity rate constraint, an optimal policy is one
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which minimizes the total present worth of all payments.
The target-state is the long run force distribution that
achieves the minimum total present worth. Flynn also
showed that minimizing average cost as an alternative to
the total present worth criterion will produce a fairly
goaod target state.

Jaquette and Nelson (Ref 29) built wuwpon Flynn’s
results by developing a Markov decision model of a
military manpower system which seeks to determine the
optimal steady state wage rate and force distribution by
length of service. The transition parameters are
accession and retention rates. The effectiveness of each
force structure is measured by a productivity function
similar to that in Flynn (Ref 13). An optimal policy is
one which maximizes long run force effectiveness with a
given budget. Essentially, Jaquette and Nelson used
Flynn°s constraint as their objective function and Flynn®s
abjective function as their constraint.

Moare (Ref 36) examined specific AFSCs to generate a
valid production function. "The new strategy is to
determine how requirements can be changed to match actual
supplies. New policies, plans, and programs could then be
implemented that would continually shape the work force in

accordance with operational and environmental changes"

(Ref 36:iii). For example, Moores®s research showed that
"for Aerospace Ground Equipment maintenance workers,
22
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Grinold and Stanford (Ref 21) considered a
"fractional flow model of a graded manpower system"” (Ref
21:1). The model is designed as an aggregate planning
device: it addresses the scheduling of organizational
growth, the reaction of the system to promotion policy
changes, and the relationships between operational costs,
wage changes, and the rate the rate of growth. The model
assumes that the initial distribution of workers by class
is known, and the transition matrix P that governs

fractional flow rates from class to class is known. The

5 matrix P 1is 1independent of time t. The system hiring

& policy and growth rate are also assumed to be known. The

j‘ objective function of the optimization wmocd2ls used in

7 developing flow rates is a 1linear cost function of the

:? staff distribution and the vector of new appointments.

[

1 This function is wminimized in &a generalized Linear

B Program. Algorithms are developed for the following
situations:

e 1. finite time horizon with no distribution

E o constraints,
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2. finite time horizon with distribution constraints,

3. infinite horizon with constraints on staff distri-
bution, and

4, problems with a nonstationary transient stage and
an infinite stationary stage. (Ref 21:1i1i)

Near Term Modeling with Uncertainty. "Analysis of

the strategic aspects of manpower in an organization
regquires an aggregate and long—-term view. We must allow
enough time for natural evolution to change the current
stock of manpower" (Ref 20:xiii). The bulk of personnel
flow models that employ the Markov chain structure "is
concerned more with the long-term (steady state) than
near—term f{(dynamic) aspects of work force modeling" (Ref
24:7) . One exception to this trend in analysis is a
stochastic  personnel +flow model develaped by Hall and
Moore (Ref 24). Their model addresses two aspects of
personnel flow that Markov models usualy ignore. First,
their model concentrates on the near-—-term aspects of work
force modeling. Second, their model is concerned with the
nature and size of uncertainly in the setting of Air Force
enlisted personnel management.

The analytical tool wused by Hall and Moore was a
Markov chain model representing flows in the first-term
enlisted work <force. The probability of changing states
is assumed to depend only on the current state. As in the

previous examples, the following components must be

24
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specified: (1) transition probabilities, (2) attrition
rates, and (3) number of recruits and allocation of
recruits at each accounting point in time.

In the previously mentioned examples, uncertainty has
been ignored. However, stochastic variances can be quite
large, with the "variances of the predictions being of the
same order as the predicted values themselves" (Ref
103110, Grinold and Marshall, in a longitudinal
comparison of 2 groups aof U.S5. Marine Corps entrants,
noted significant "instability between the groups in the
18-30 month periocd" (Ref 20:100).

Hall and Moore were concerned with the near-term
aspects of the work force. Their model concentrates on
4;; the transient behavior of the system. The Markov chain
model permits evaluation of standard deviations for
"random quantities of interest"” (Ref 24:6). The authors
did "resort to simulation to augment (their) analytic
Markov model in one situation (in order to consider
uncertainty in estimates of the transition and accession
probabilities) because the analvtical stochastic model
simply becomes too complex" (Ref 24:6). Since the flows
and assumptions considered by the authors are relatively
simplistic, simulation techniques are not necessary. The
variances can be dealt with by using an analytical model.

Grinold (Ref 19) dealt with long—term uncertainty by

measuring the "sensitivity of optimal policies and system

25
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performance to various assumptions on the nature of the
stochastic nature of the demand process” (Ref 19:1). This
is done by allowing transition rates to be a function of
demand. Policies are then calculated for each potential
demand level.

Rotation of Forces Example. Wilson and Griffin (Ref
S54) obtain an assignment flow pattern using a generalized
Linear Programming method. The same objective function
(minimize cost) wused in Grinold and Stanford (Ref 21) is
used in this paper. "The LP solution is converted to
transition probabilities and these probabilities are then
used to depict the entire system as a stable absorbing
Markov chain with several absorbing barriers and an
initial probability distribution of replacement personnel”

(Ref S4:1).

Isomorphic and Large-Scale Simulation Models

Overview. Isomorphic simulation models have a one-to

one correspondence between the individuals in the system

being modeled and data elements in the program. These

N |

x

v
I R

models are usually characterized by great detail, large

T

data requirements, and 1long run-time. They have the

advantage of being fairly simplistic for the model

A i)
kT

builders and programmers, but are often difficult to
maintain and modify and understand.

"Large—-scale" simulation models are not always

26
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isomorphic models, although isomorphic models are usually
"large-scale"” models. The term “large-scale" 1is a
relative tera. In this review, the term large-scale will
imply the following: (1) running the model reyuires one
or more large data bases (for example, a data file
containing demographic information for each individual in
the system), (2) the computer code contains over 5,000
source lines of same high-level 1language, and (3) any
major modifications of the structure of the model require
major ‘“rewrites" of the computer code. Large-scale models
may empl oy the mass~flow concept of categorizing
individuals having similar characteristics. However, the
manpower system itself is part of a much larger system.
The modeler may feel that it is necessary to capture great
detail in this larger system or in the manpower system
itsel f. Such models, even with the mass—-flow concept for
personnel in the system, can become very large. The
Integrated Simulation Evaluation Model Prototype (ISEM-P)
(Ref 41), while not an isomorphic model, is a large-scale
model. The other examples given are isomorphic models.
Examples. ISEM-P (Ref 41) 1is "a large-scale
simulation model of ¢the Air Force Manpower and Fersonnel
System (AFMFS) which describes and analyzes the

information flows and decision dynamics of the various

subsystems comprising the total AFMPS" (Ref 41:i).

Manpower planning, training program management, detailed

27

LV PO S TR E . . I ) . P Lt PR L S
PP R P LIS Ay T .S - I DU S ST, RPN SR W LA ULl U SO T W G ¢




------

personnel assignment, and personnel flows are modeled as
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interdependent, integrated activities.

ISEM-P uses SIMSCRIPT 1I1.S. SIMSCRIPT is "an event
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oriented language in which time quanta are specified in
advance, thereby scheduling the time of occurrence of
events” (Ref 43:124). ISEM-P was developed as a prototype
to determine the feasibility of building a model of the
entire AFMPS that would be larger and more comprehensive
than the prototype. Plans for building this large model
have not yet been approved.

ISEM-P views the AFMPS as being responsible for
procurement, development, maintenance, and deployment of
the human resources avcilable to the Air Force. The AFMPS
determines for each individual the place of assignment,
the job performed, and the +training recieved. Through
policies at 1its disgposal, the AFMPS can influence the

rates of entry into or exit from the Air Force. The

overall goal of the AFMPS is to provide the "link between
people and jobs that enables the Air Force to accomplish

the objectives established in the Five-Year Defense FPlan"

v v
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(Ref 41:6).

[
E% ISEM-P takes a big step in treating the AFMFS as a
fz complex system with highly interdependent components. The
ML
3 three components of the AFMPS organization (manpower,
% personnel and training) "are interrelated, and their
7 performance can be highly interdependent" (Ref 41:9),
3
3
28
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Functions within each component are also interrelated.
The three components are "parts of a large
information—feedback control system" (Ref 41:10).

Leupp (Ref 34) developed a manpower model of Seabee
enlisted personnel. Given an initial distribution of a
personnel into classes, the simulation model generates a
report of changes in personnel status as a function of
time. The model assumes a constant authorization
structure and constant reenlistment rates. Attrition
rates, promotion rates, and accession rates are constant
for any particular run of the model. The program
categorizes each individual in the system by given
criteria. It is an isomorphic model.

Leupp®s model is very similar in structure to the
Markav models of Flynn (Ref 13), Jaguette and Nelson (Ref

29), ©Grinold and Stanford (Ref 21), and Wilson and Griffin

(Ref S54). Leupp essentially has a fractional flow model
that uses Monte-Carlo simulation techniques. Random
numbers are generated for decisions on individual

promotions, separations, accessions, and rotations.

Leupp’s model could have been written very easily as
an analytic Markov model. The relative simplicity of the
personnel flows in this model makes the extra
computational expense of simulation unnecessary. No
information feedback is captured in the model. The system

is represented as a straight-forward, fractional flow
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situation with constant mean rates of flow from one class
to another.

A Rotation of Forces Example. The Career Area
Ratation Madel (CAROM) (Ref 35 and Ref 53) is an
isomorphic or entity model. Each entity (for example,
individual airman) is processed separately with a given
logic applied to each entity. This processing is similar
to that of Leupp’s model. A description of CAROM follows.

CAROM is an entity simulation model providing
long-term <(up to thirty years) projections of the
consequences of a given set of rotation, deployment
and assignment policies under a wide variety of
assumptions regarding manning requirements,
attrition rates, early-out policies, promotion
policies, output from the entry-level training
line, etc. Due to its level of detail and the
optimal assignment capability imbedded within the
model, CAROM is perfectly suited for gaming
applications to assess the relative effects of
proposed changes in policies and parameters (Ref
83:3).

CAROM was developed primarily to provide AFMPC with a
policy assessment tool. Al though CAROM has been used in
conjunction with other personnel research at the Air Force
Human Resources Laboratory (Ref 35:3-5), it has not been
used extensively as a policy assessment tool at AFMPC (Ref
8, Ref 23, Ref 38 and Ref 54). Reasons given for this lack
of use include the following: (1) the extensive data base
required to run the model, (2) the high computational
expense f a "run", and (3) the difficulty in changing the

source code of CAROM to reflect the structure of the

particular problem being studied (Ref 8, Ref 23, Ref 38 and

30
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Ref 54).

Since CAROM simulates the status of individual
entities, the constraining factor on the maximum number of
personnel simulated at one time is the size of the

computer. “Each entity has an associated personnel record

ﬁi which consist of 20 parameters” (Ref 35:6). Thus, even
for only one AFSC, the storage requirements can be very
E. large. The computational expense can also be high.

o CAROM includes much more detail than could easily be

captured in an analytic Markav model. Some

interrelationships between elements of the system are

captured. Linear programming (LP) and Monte—-Carlo
simulation techniques are used. The LP techniques are
@L: used to determine “optimal™ +flows as in Flynn (Ref 13),

Jaquette and Nelson (Ref 29), and Wilson and Griffin (Re#f
S54). As stated above, the utility of CAROM to decision
makers at AFMPC is limited due to the level of detail,
high computational expense, large data requirements, and

difficulty in modifying the model structure.

g
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System Dynamics Models

NI

Qverview. *Continuous models are useful when the
behavior of the system depends more on aggregate flows

than upon the occurence of discrete events" (Ref 38:1).

T ".":'TT .I'.' -
€ r - "7 Y

Manpower systems typically depend on such aggregate flows.

It is not essential for the decision maker to have
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extremely accurate predictions for the stock of manpaower
at a given time in the future. It is more important to
know how given policies will interact with components
within a given system boundary to produce flow rates that
ultimately affect the 1level of manpower. A manpower
system can be studied by aggregating the events (discrete
occurrences that take place as the system operates in
time) "into a continuous flow and setting this flow in the
context of the (continuous) variables that affect it and
are affected by it" (Ref 38:1).

The system dynamics approach views systems as forming
a closed-locop feedback system. The methodology of system
dynamics "evolved from the concepts of servonechanisms and
electrical circuits, where a central assumption is that
the reference system is completely encompassed within a
closed boundary" (Ref 18:75). The use of the word
"system" in the system dynamics context indicates a
“wholeness of perspective -- a systems approach —— which
one attempts ¢to achieve for a given problem” (Ref 39:1).
System dynamics was developed by Forrester (Ref 16) and
associates at MIT in the late 1950°s and early 1960°’s. It
began as industrial dynamics, and early work dealt with
management problems in the corporate setting. Industrial
dynamics grew into system dynamics, which can be defined
as a "method for studying large and complex aggregations”

(Ref 39:1).
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Figure 2.1. Overview of the System Dynamics Modeling
Approach (Ref 39:17)

focus of a system dynamics study is on a problem
and not on the system itself. The system dynamics
approach “applies ¢to dynamic problems arising in feedback
systems" (Ref 39:2). Rather than simplifying a problem,
the system dynamics approach confronts the complexity of
the problem by dealing with the interrelationships and
interactions between the components of the system in which
the problem exists. Forrester (Ref 16) believes that the
"differences between engineering and social science moéels
is largely the way the tools of model building have been
used and the different emphasis on end objectives" (Ref

43:7). Too often, models of social systems seek only to

- explain existing reference systems —-- engineering models
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serve as aids in designing new systems. The system
( dynamics approach involves the use of computer simulation
models to perform policy analysis with the end objective
2% of Ffinding and implementing new policies (see figure 2.1).
In this sense, system dynamics models of social systems
also serve as aids in designing new systems.

Forrester (Ref 146:7-8) advocated long-range planning
L on the order of 5 to 20 years from the present. Policies
which lead to system improvement in the short run often
degrade the system in the long run. Policies which lead
to long-run system improvement may initially depress the
system (Ref 15:7). Pressures are often exerted on

managers for short-term results. The long-term decisions

Py
-‘ll

"often 1lie outside the manager’s personal time horizon"

{Ref 16:8). System dynamics models show the long-term and
§ short-term implications of particular policy actions.

The most important and fundamental concept of the

: system dynamics approach lies in the concept of
L? servo—mechanisms or information feedback systems. In
4

information-feedback control 1loops, the “regenerative

process is continuous, and the new results lead to new
{ decisions which keep the system in continuous motion”
(Ref 16:15). The focus of the system dynamics approach on
feedback processes is based on the premise that "dynamic
behavior is a consequence of system structure"” (Ref

39:15). Thus, system dynamics looks within the system for
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the source of the problem behavior.

System dynamics models are continuous, prescriptive,
and homomorphic. That 1is, they depend primarily on
"aggregate flows". They are intended to duplicate system
behaviaor characteristics so that new policies may be
tested, and they only superficially resemble the different
groups found in the reference system. Homomorphic means
"like in form but different in fundamental structure” (Ref
43:17). The two major constructs in a system dynamics
model are "levels" and "rates”. A level is a number which
represents the state of some part of the system. A rate
defines the amount by which a level will change during the
next interval of time.

The Use of DYNAMO. "The basic tool of continuous
simulation is the process of integration" (Ref 38:2).
Integratiaoan is essential to the representation of change
in real systems. Since digital computers cannot integrate
exactly, the true integral must be approximated. System
dynamics models are based on difference equations and can
be formulated in a range of computer languages.

The simulation 1language "DYNAMO (Ref 38) and system
dynamics have become almost synonymous to some" (Ref
39:ixi). The system dynamics approach is "language-free”,
but the majority of system dynamics models are formulated
using DYNAMO.

"To simulate a dynamic feedback system, DYNAMO steps




through time a formal, quantitative model of the system,
one DT at a time" (Ref 39:69). "DT" is the computation
interval used by DYNAMO for performing numerical
integration. The two constructs of levels and rates are
represented in DYNAMO models as level variables and rate
variables. A level variable accumulates over time the
results of an inflow and/or an outflow (Ref 39:7&4). The
variables representing the inflows and outflows in the
level equations are called rate variables.

Examples. Knight (Ref 32) used the system dynamics
approach to represent the Air Force pilot pipeline as a
closed—loop feedback control system. The pilot pipeline
system is '"readily described as a continuous flow closed
loop feedback system” (Ref 32:1). Three crucial levels
identified in the system are: (1) number of active
mission pilots, (2) size of the rated supplement, and (3)
size of the Undergraduate Pilot Training (UPT) force. The
model assumes that the authorized +flying hours and
aircraft available are given. Using these data with
projected pilot levels, the model determines training
requirements. The existing force is allocated among UPT

instructors, the active mission force, and the rated

supplement. Policies that can be tested include
cantrolling the size of the UPT instructor force,
controlling the UPT class size, variations in the

instructor to student ratio, and sensitivity of the system




_____________

5 _ to exogenous variables. Results are given for various
i Y structural formulations of the model.

‘ Fekke (Ref 12), under Knight’s suggestion,
; investigated in more detail the pilot
i production/allocation system. A cost module was added,

and "various force build-up, draw-down, and attrition

scenarios are analyzed" (Ref 12:vii).

! Williams (Ref S5S3) developed a system dynamics model
ﬁ for evaluating policies relating to the Air Force
tf Engineering officer shortage. The model provides force

and cost projections under given 1levels of demand and
salary for engineers. The ratio of expected military pay
to expected civilian (engineers) pay affects the model’s
¢Z~ accession and retention rates.
Landis (Ref 33) developed a dynamic simulation model
of engineering manpower needs that "interrelates economic
driving factors with engineering emplayment and the

generation of new engineers" (Ref 33:218). The nature of

the cause and effect interactions are determined from an
analysis of historical data established between 1950 and
1971. The system dynamics approach is taken for the

following reasons:

1. many interrelations can be inc- -porated,

2. the system model can be refined to include
5 subpatterns,
E 3. non-linear feedbacks can be incorporated in the
1
b
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long, time delay factors associated with professional
education. (Ref 33:218)

The two wmajor sectors of Landis’s model are the
economic drivers sector and the manpower flow sector. The
economic sector includes the fractions of GNP flow into
the major users of engineers, with each major user
reguiring different 1levels of GNP dollars to keep an
engineer on the job. The manpower flow sector includes
built-in delays for flows of people and attrition and
accession rates that are affected by the perceived level
of employment. The main source of information in the
maodel is an employment factor. The employment factor is
the difference between the current number of funded
engineers and the number that could be funded. The
hire/fire rate is dictated by this factor.

Shreckengost and Gibson (Ref 45) developed a series

of system dynamics models for use in the analysis of

policies involving the hiring, promotion, retirement, and
resignation of U.S5. civil servants. The models are
directed at the organizational level. Examples are given
showing the effects of different structural formulations.
Under one five-stage model formulation, "the overall
system does not stabilize to the new set of desired values
for nearly 24 months after the desired levels are changed”

(Ref 45:8-11).
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Summary of Techniques

ji - Summary of Markov Models. The following three
Eg assumptions are made in all of the Markov models reviewed
é in this chapter:

il 1. flow conservation —— the sum of all the flows into
i} a class at time t is equal to the stock of the class at
\ﬁ time t,

ul 2. equilibrium -- gystems are assumed to be in a

steady-state or to be on their way to a steady-—-state

condition, where a steady—-state can be a constant size or

controlled expansion or contraction, and

3. Markov property —-— the probability of changing
states denends only on the current state, and not on how
that state was reached.
Additionally, "optimal" flow rates are generally computed
using a cost function or production function. This
objective function is wusually assumed to be linear.
Whether transition probabilities are taken as given
information or are computed through Linear Programming,
they are assumed to be constant throughout the time span
of the model.

The structure of the Markov model is fairly rigid.

No "feedback®" within the system can change-this basic
structure. Sensitivity analysis is accomplished by
varying the parameters, not the structure. Transition

rates are fixed. Systems are modeled as static,
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equilibrium systems.

Summary of Isomorphic and Large—-Scale Models. In

isomorphic models, there is a one—-to-one correspondence
between entities in the model and the reference system
being modeled. Large-scale models, as used here, are
computer simulation models that require an extensive data
base, contain over 5,000 source lines of some high-level
language, and are difficult ¢to modify in terms of model
structure.

Shannon (Ref 43) lists several reasons for
considering simulation models. The reasons that apply to
the development of the manpower/personnel models reviewed
in the section on isomorphic and large-scale models are
presented in Table 2.1.

Simulation models of manpower systems in DoD are
usually developed for one of the first four reasons. The
fifth reason given is a major focus of the system dynamics
approach to simulation. It was pointed out in the
examples of isomorphic and large—scale models that, due to
the complexity and size of most simulation models,
sensitivity analysis is usually performed by varying input
parameters. When the modeler is unsure of the assumptions
of the model, sensitivity analysis should be performed on
the structure itself. This can help the decision maker to
not only understand his organization as a system, but to

see how redesigning the structure of the system itself may
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produce more desirable results,

1. The assumptions required for using an
analytical Markov model are realistic.
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2. The analytical techniques, although realistic
for modeling the system, are too complex.

: 3. The goal for modeling the system is one of
N understanding how complex interrelationships
3 affect central tendencies.

4, The analytical techniques are beyond the
mathematical background of personnel available for
analysis.

S. The assumptions of the model are not easily

measured, or the data describing the assumptions
are costly to obtain.

Table 2.1. Reasons for Considering Simulation for
Manpower Modeling (Ref 43:11)

The simulation approaches presented in section 2.3
can clearly encompass more detail and complexity than
their Markov model counterparts. If it is necessary to
include information feedback, the simulation models are
more suitable than the Markov models. Markov models have
great value in their simplicity and their mathematical
tractability. If the modeler can approximate reality by
making the assumptions required by the Markov models, the
Markov formulation (as presented in section 2.2 of this

review) should be used.
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Summary of System Dynamics Models. System dynamics

has been widely applied to industrial and social systems.
The examples provided in section 2.4 show the potential of
the methodology for policy analysis of manpower systems.
Ltandis (Ref 33) has gone through more steps of the
verification and validation of his wmodel than have the
other four authors listed. A system dynamics model does
not become truly useful for policy analysis until the
decision maker develops a high degree of confidence in the
model .

System dynamics models are homomorphic, continuous,
and prescriptive. They model reference systems that are
perceived to be dynamic and causal. The system dynamics
approach concentrates on problems occurring within
closed-loop feedback systems. The end objective aof a
system dynamics study is the implementation of policies
that wll overcome the problems at issue. Although system
behavior in the short run is important and not ignored in
the system dynamics approach, more emphasis is placed on

long-term system behavior.

Comparison of Models

Three primary approaches to manpower planning models
have been reviewed. The purpose of this section is to
compare the methodologies and evaluate their potential use

for addressing the research problem stated in Chapter One,




Introduction. This section will include a statement of

= the feedback nature of the assignment and rotation system,
advantages of the computer simulation methodology in
general for representing dynamic systems, shortcomings of
Markov models and isomorphic models for representing the
airman assignment and rotation system, and advantages as

well as limitations of the system dynamics approach.

The Causal, Dynamic Nature of the Systenm. The
complex interactions within manpower systems are

recognized by experts in manpower modeling:
People, jobs, time, and money are the basic
ingredients of a manpower system. A decision
maker must be aware of the interactions among
these four ingredients in order to formulate and
evaluate manpower policy. (Ref 20:xix)
“L: In addition ¢to these four ingredients, the Air Force
, recognizes that imbalanced specialties (those specialties
not satisfying the three requirements outlined in section
1.2 of Chapter One, Introduction) cause "undue turbulence
and increased costs to the Air Force" (Ref 6:69). Sweeny
and Tubbs (Ref 48) used factor analysis to yield nine
social factors that influence the number of reenlistments
after the first and second terms. The greatest
contributions to variance came from seasonal cycles,
excessive training, individual economic pressure, and
second term reenlistment. Guinn (Ref 22) used regression

analysis to develop a reenlistment potential index (RPI).

Included in the regression model were biographical
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composite, aptitudinal, and Importance/Possibility (I/P)
scores. The 1/P scores were classified according to
Herzberg’s theory of motivation to work (Ref 24). The
nature of work, work environment, and compensation were
the major contributing I1/P scores.

As stated in Chapter One of this thesis, the internal
environment of the Air Force assignment and rotation
system includes the processes of training, promotion,
assignment, and rotation. The external environment
includes the perceived need for overseas personnel, the
reaction of U.S. policymakers to the perception, the U.S.
national labor market, and problems and needs faced by the
branches of the U.S. Armed Forces. The assignment and
‘z; rotation system performance is a function of how well the
implemented policies control the system as the rotation
process is acted on by internal and external environmental
factors. The Markov models reviewed here did not address
the many interracting components that can affect system

performance. The inherent internal feedback structure of

manpower systems (specifically, the airman assignment and
rotation system) suggest that other techniques be
considered for the evaluation of the research problem
stated in Chapter One of this thesis.

Kast and Rosenzweig summarized the key concepts of
General Systems Theory (Ref 3I1:449-4351). A manpower

system clearly exhibits the important characteristics of
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systems. It is comprised of interrelated components. The

manpower system can be explained only as a totality

(holism). It interacts outside of the personnel system

Pl 4

itself. It can be viewed as a transformation sodel. As

YR RY

R 4

an open system, the manpower system bhas permeable
boundaries. The system itself must attain a state of
"dynamic equilibrium". Feedback is an essential part of
the systenm. The same objective can be achieved with
diverse inputs and varying internal activit: s.

Kast and Rosenzweiqgq (Ref 30) also pointed out the
growing interest in dealing with ill-structured probleas
arising in dynamic systems. Computer simulation
techniques have, in part, contributed to this growing
interest. Using system dynasics simulation techniques,
more realistic assumptions can be made in dealing with
these ill-structured problems than are noraclly affaorded
by mathematical optimization techniques. Knowledge from
the behavioral sciences will assume greater importance in
the study of this type v problem. (Ref 30:8)

Ford (Ref 14) found several authors who argued "that
organization will reduce uncertainty by creating requisite
structures to deal with it" (Ref 14:567). System dynamics
lends itself to the testing of these various structures.
Unlike models presented earlier in sections 2.2 and 2.3,
system dynamics simulation models can be set up for

simplistic structural changes. For example, Armstrong
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(Ref 9) has suggested the identification of alternative
manning configurations for the AFMPS. He advocates the
"use of economic criteria to select among the forcewide
manning alternatives" (Ref 9:ix). Whisman (Ref 51)
believes that "an accession policy designed to meet total
end strength vyear by year can lead to large surpluses or
shortages in critical force categories in future years”
{(Ref Siivii). Alternative policies and criteria need to
be tested by decision makers as part of policy analysis.

Advantages of Computer Simulation Models. Computer
simulation models have the capacity to adequately
represent dynamic behavior. There are other tools, such
as analytical mathematical models, that can adequately
represent portions of many complex systems. The
shaortcoming of these analytical tools, as their users
freely admit, is that they fail to account for the dynamic
feedback structure inherent in complex social systems.
These analytical tools include mathematical programming
models, Markov-chain models, inventory models, and
queueing models. These tools are, and will continue to
be, important for addressing policymaking tasks3 however,
the key is to have a madel structure which properly
represents the reference system. In reference to
analytical mathematical models, House and McLeod (Ref 28)
summarized the issue as follows:

True, they can be used to examine possibilities at
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other times, including the future, by making
assumptions concerning the inputs at another times;
but ¢they are ill-adapted to the "march through
time" that dynamic models based on differential
equations do so well (Ref 28:14).

Shortcomings of Isomorphic and Markov Models. The

ISEM~P model and the CAROM model both take holistic
approaches to the Air Force Manpower and Personnel System
and the Air Force Rotation System, respectively. They are
discussed here to point out certain advantages for using
the system dynamics approach in dealing with the research
problem stated in Chapter One of this thesis. Bath CAROM
and ISEM-P fit many of the criteria for a system dynamics
model. One shortcoming lies in the focus of these
studies, The studies did not address potential "leverage
points”™ for policy nor did they state the kind of
implementation intended. The model purpose for a system
dynamics study focuses on the audience for the study.
"Statements of model purpose focus less on the nature of
the problem and more on the audience for the study,
potential leverage points for policies and the kind of
implementation intended” (Ref 39:45). Also, the ISEM-P

model and the CAROM model do not lend themselves to easy

structural changes. As a result, sensitivity analysis is
usually performed by varying system parameters (Ref
41:49-57). This was one of the limiting factors of the

Markov models outlined previously. ISEM~-P and CAROM do

allow for information-feedback. This is a distinct
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advantage over the Markov models. The complexity of |

ISEM-P and CAROM, however, decrease the 1likelihood of

" SRR

their implementation by decision makers.

o

T,

A

Forrester (Ref 16:Chapter One) points out that
optimization models typically deal with problems at the
"bottom of the management structure" (Ref 14:3). Rather
3 than simplifying a problem to the point where
ﬁ. "ogptimization" can be performed, the system dynamics
approach confronts the complexity of the problem by

- dealing with the interrelationships and interactions

between components of the system in which the problem
exists.
One very important similarity between the system

a.> dynamics approach and most Markov models is the emphasis

on long term planning. With the exception of Hall and

Moore’s model (Ref 24), the Markov models presented were

h more concerned with the long-term (steady state) than the
4
: near term aspects of work force modeling. The notion of

equilibrium is wused to uncover "the direction of change

implied by the policy and for discovering the policy’s
long run implications® <(Ref 20:10). Faorrester (Ref
16:7-8) advocates long-range planning on the order of S to
20 years from the present. Pressures are often exerted on
managers for short—term results. The long-term
consequences of important decisions “often lie outside the

manager’s personal time horizon" (Ref 16:8).
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The most important dissimilarity between the Markov
approach and the system dynamics approacﬁ lies in the
concept of servo—-mechanisms or information feedback
systems. This concept is fundamental for the system
dynamics approach. In information-feedback control 1loops,
the "regenerative process is continuous, and the new
results lead to new decisions which keep the system in
continuous motion” (Ref 16:15). The focus of the system
dynamics approach on feedback processes is based on the
premise that “"dynamic behavior is a consequence of system
structure” (Ref 3I9:15). Thus, system dynamics 1looks

within the system for the source of the problem behavior.

~— Simple and easy to understand

~— Comprehensive approach

-- Lends itself to simple structural changes

-- Easy to program formal models

—— Relatively low cost of computer operations

-—— Approach demands involvement of decision
maker

- Long-term consequences are emphasized

—— Models are continuous

Table 2.2. Advantages of the System Dynamics Approach

(Ref 435)
Mar kov models reviewed here are "deterministic
fractional flow (maodels)" (Ref 21:1). Internal
information feedback loops are not allowed for in

deterministic models. The simplifying assumptions made by
Markov models are made so that the models can be used to

provide “optimal" solutions. Both Markov models and
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system dynamics models are approximations of the actual
! ~ systems being modeled. The formulations of the two types

o of models are fundamentally different.

Advantages and Limitations of the System Dynamics

! Approach. Shreckengost and Gibson (Ref 45) pointed out

several advantages of the system dynamics approach for

W ‘I:l. R

g LS SN A bd ad
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policy analysis of manpower personnel systems. These
advantages have been previously mentioned and are
summarized in Table 2.2. Disadvantages can arise due to
situations including the following:

1. The reference system (system being modeled) may not

lend itself to continuous modeling. The problems that

need to be addressed may require more levels of detail and
4!, disaggregation than are easily handled using a system
dynamics model.

2. The policymakers involved with the reference system

may not be able to take part in the modeling process. The

system dynamics approach is much less effective without

T
DI NP P

the involvement of the decision makers.

? 3. There may be reasons to helieve that transition
E rates within a system are fixed and not dynamically
; changed due to internal and external environmental
? factors. In such situations, simulation techiques are not
3 necessary.

é 4. The system structure may be ill-defined with system
' components that are difficult to measure. Although the

aiharay |
v
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system dynamics approach provides mechanisms for
‘ i quantifying relatively "“soft" variables, the process of
verification and validation is very difficult for models

of ill-defined systems.

Conclusions

The three techniques most commonly used for manpower
planning models are Markov models, isomorphic simulation
models and system dynamics simulation models. Markov
models have the advantages of simplicity, mathematical

tractability, relatively low computational expense, and

having a long—-term viewpoint. Disadvantages of using the
Mar kov modeling approach stem from the simplifying
assumption that must be made. Isomorphic simulation
models may require less mathematical expertise than Markaov
models. They can also have the advantage of being
computationally simpler than analytic techniques, of

requiring fewer or no simplifying assumptions, and of

Pl NPT
r"_.‘ SRR iAot il
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incorporating feedback. Disadvantages include higher

computational expense, difficulty in making structural

changes, and the large amount of data normally required.

) 4
«

The system dynamics approach is simple and easy to
understand, very comprehensive, and relatively efficient

(camputer gperations costs are surprisingly low). System

L d ]
ol 7

=

dynamics usually demands that the decision maker be

Lt o o
LA

involved in the modeling process in some manner.
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Long—term consequences are emphasized. The main
disadvantage of the system dynamics approach seems to be
the time required to completély verify and validate the
models. However, this criterion is too often overloaooked
in entity simulation models and Markov models. (Although
Markov models are generally validated in terms of model
performance, given the model assumptions, verification of
model results with actual system performance is seldom
addressed.) System dynamics model building is inherently
an iterative process in building one’s confidence of the
model to a point where it can be implemented as a policy
analysis tool.

The need for a rotation of forces madel that is
capable of addressing a wide variety of policy
alternatives under ‘varying assumptions and exogenous
inputs is needed. The models that exist do not completely
fulfill these requirements. The system dynamics approach
is well suited for this application.

To begin to fill the void that exists in the models
available to AFMPC and AFCC Headquarters the requirements
for more useful tools, a system dynamics model should be
developed that addresses the complex problems associated
with the rotatiﬁn of forces. 1t may take some time to get
such a model to the point where it is useful to the

decision maker as a policy analysis tool. However, merely

structuring the problem in a system dynamics format is of
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value in wunderstanding the behaviaorial problems of that
system. The initial model development is the first step
in the process of acquiring a model that verified and
validated to the point where the user has confidence in

using the model for policy implementation.
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A Introduction
&
} This chapter describes the airman assignment and

rotation model developed for imbalanced AFSCs within the

Air Force Communications Command. The first section gives

R -

a brief description of the methodological approach. The
second section presents a conceptualization of the
important components of the airman assignment and rotation
system. Included in this conceptualization are a
breakdown and prioritization of the system goals, a
division of the system into three functional sectors, and
a description of the feedback structures involved within
‘[: and between the components of each sector. The third
i section contains the goals of the model and a design for
policy analysis. The fourth and fifth sections contain a
detailed description of the formal model structure set

forth by the major sectors.

Methodological Approach

An overview of the system dynamics approach was given
in Chapter Two, section 2.4.1. This section will discuss
causal 1loop diagramming, level and rate equations, and
flow diagramming.

Causal Loop Diagraseing. Causal loop diagrameing is

a technique for representing feedbacl structures. It is
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e usually wused in conjunction with the initial step of
‘ = hypothesizing the ™"underlying structure that is causing
and wmaintaining the problems” (Ref 40:11). A causal loop

diagram is a “visual model" that "shows the existence of

. all major cause—-and-effect links, indicates the direction
N

F of each 1linkage relationship, and denaotes major feedback
{t:j loops and their polarity” (Ref 40:11).

-- variable - a quantity that is changeable as time
evol ves

— linkage (link) ~ a cause—and-effect relationship
between two variables

-— feedback loop - two or more linkages connected so
that one can begin with any
variable and follow the arrows
back to the starting variable

- — feedback system - two or more connected feedback

g loops

i Table 3.1. Four Levels of Feedback System Structure

f Four different levels of feedback system structure

set forth by Roberts (Ref 40:7-10) are summarized in Table
3.1. The last level shown, a feedback system, does not

include directional signs for each link. A causal loop

)
b

diagram merely adds directional signs (+ or -) to the

, o ¥ak

linkages in a feedback system and positive or negative

-
DD

X AR

polarities to the feedback loops within a feedback system.

B

A positive directional sign for a link indicates that the

o - - ————
PP MR
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variable at the tail of the arrow and that the variable at
the head of the arrow move in the same direction. A
negative directional sign for a link indicates that the
variables in the 1link change in opposite directions. A
positive polarity sign in a closed feedback loop indicates
that the 1loop reinforces variable changes in the same
direction. Such a 1loop is called a growth loop or a
positive feedback 1loop (see Ffigure 3.1). A negative
polarity sign in a closed feedback loop indicates that the
loop tends to resist variable changes. Such a loop is
called a goal seeking loop or a negative feedback loop

(see figure 3.2). (Ref 40:10-12)

Total
Overseas
Duty time
///,/’;7; Per Man
Number of
Personnel
In CONUS Dissatisfaction
Rotat:un Base
eparat1on
Rate

An even number of negative linkages indicates a
positive feedback loop.

Figure 3.1. Causal Loop Diagram Showing a Positive
Feedback Loop

56

2
2
"‘
 }
s
1]
1
'}
!
.

> - . . . . . IR . . . .
. . - - e YL . R R . .
et PR Py Y Y R W G WO W TP TR P S 1P S I TP 1 . * gnin PP PP PG NP U N W




AR e T AT A N L LS
" T~
.~

. ]

‘. '-1 N - - LY - - - - - - « - -
e R R N N N Y L e

Number of
People Overseas

+\
- (=)

Perceived Need Number of
for Overseas >: Moves to
Personnel + Overseas

An odd number of negative linkages indicates a
negative feedback loop

Figure 3.2. Causal Loop Diagram showing a Negative
Feedback Loop

Level and Rate Equations. As stated in the Chapter

Two discussion of DYNAMO, the two system dynamics
contructs of levels and rates cre represented in a DYNAMO
model as level variables and rate variables. A level
equation, preceded in a DYNAMO model by the letter L, is

of the following form (Ref 39:76):

L LEVEL.K = LEVEL.J + DT#(INFLOW.JK - QUTFLOW.JK) (3

The subscripts K and J indicate that the value for a level
variable at time K (the present) is a function of its
value at time J (one time increment before the present)
and the net change due to the flows affecting it over the
time interval JK. DT, as stated in Chapter Two, is the

caomputation interval used by DYNAMO for performing
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numerical integration. DT is a user—-specified constant
whose value is the length of time from J to K. (Ref
39:76)

A rate equation, preceded in a DYNAMO model by the

letter R, can be of the following form:
R OUTFLOW.KL = LEVEL.K/AVLIFE 4)

Here, the rate of flow out of the level is a function of
the number of units in the level at time K divided by a
constant that may represent the average lifespan of the
units in the level. The subscript for rate computation,
KL, implies that the rate equation is computed at time K,
and its value is computed from K to L (K + DT). Unlike
level equations, there is no standard form for rate
equations. (Ref 39:79-80)

All "“tangible" variables in a DYNAMO model are either
levels or rates. Auxiliary variables aid in formulating
rate equations. An auxiliary equation, preceded in DYNAMO

by the letter A, can be of the following form:
A CHANGE.K = INFLOW.JK — OUTFLOW.JK (3

Auxiliary equations represent information in a system.
They are useful for clarification and simplification.
(Ref 40:19-20 and Ref 39:81)

Flow Diagramming. Figure 3.3 shows the basic flow

diagramming symbols. Each variable type is represented by

a unique symbol.
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Figure 3.3. Basic Flow Diagramming Symbols
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Figure 3.4. Other Flow Diagramming Symbols
(Ref 40:20-22)
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Other symbols are shown in figure 3.4. Alternate

flow designators represent different types of flows. The
segmented triangle is a third order exponential delay or
filter of an input flow. The "cloud" symbol is a source
or a sink when the origin aor distinction of a flow is
outside the modeler’s concern. The small circle with the

line is a constant, and the set of parentheses is the

2 symbol for cross—referencing variables from other

'~ diagrams. (Ref 40:20-22)

[

5 Conceptualization

: The airman assignment and rotation system for
a.

l B imbalanced AFSCs exists within the Air Force Manpower and
Personnel System (AFMPS). The key components, major
interactions, and system goals of the airman assignment
and rotation system are derived from the existence of the

assignment and rotation system within the AFMPS. These

[ Sa L A

key components, interactions, and goals were identified
through 1literature research (Ref 11, Ref 35, Ref 41, Re¢f

'3 46) and in interviews (Ref 8, Ref 25, Ref 27, Ref 38, Ref

49). The observable system goals were defined and listed
in an hypothesized order of priority. After
identification of the system goals, components, and

interactions, the airman assignment and rotation system

was divided in three sectors:
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1. Personnel Fill Sector

2. Rotational Sector

3. Manpower Sector
These three sectors correspond to the key processes used
in the control of the airman assignment and rotation

system.

1. Sufficient assignments

2. Cost minimization

3. Non-voluntary PCS minimization

4. Morale maximization

S. Minimize separation rates to an acceptable level

6. Maximization of CONUS time between involuntary
overseas tours

7- Minimize number of remote tours

8. Minimize involuntary overseas time

?. ©Skill level/experience distribution

10. Maximize total manning percentage

Table 3.2. Airman Assignment and Rotation System Goals

tadd

i! System Goals. The airman assignment and rotation
;i system is a goal-directed system. Table 3.2 summarizes
ig the goals against which the system performance is
FS measured. Each goal is discussed in more detail below.

Reassignments and rotations should be scheduled to:
1. Assure that sufficient personnel are assigned to

authorizations to accomplish the Air Force mission. This

RO PP EMSRNOr R

requirement also implies the need toc manage the force so

that force needs of the future are not neglected in favor

shedy
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of satisfying the requirements of today.
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2. Minimize costs. Cost source areas include but

e
‘.‘.
[
'
W

are not 1limited to basic training, technical school, pay
levels, reenlistment bonuses, and Permanent Change of
Station (PCS).

3. Minimize the number of non-voluntary moves.
Voluntary moves only enter into consideration indirectly.
Resource monitors seek to place people where they want to
go, to realize a large percentage of first choice
assignments. This goal could also be looked at as a
parallel to minimization of cost. The fewer the number of
PCS moves, the smaller the overall cost.

4. Maximize morale. The USAF has a general rotation
policy that "minimizes" family separation and thereby the
negative effects on retention behavior" (Ref 46:32). The
consequences of assignment and rotation actions can cause

a decrease in individual morale, which can have a negative

effect on retention behavior. Minimizing non-voluntary
PCS moves is a parallel <thought. Even though other

factors have an effect on morale, Chow and Polich (Ref 11)

T S

found more significance in retention decisions from

LA A2 4

o l‘- 4+

rotational indicators than from other morale factors.

Ll
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S. Minimize separation rates. Maintain a level of
experience in the force adequate to train new personnel
and provide the necessary technical expertise to

accomplish the Air Force mission.
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6. Maximize time spent in the CONUS between overseas
! = tours. "Most personnel consider overseas assignments to

be undesirable in comparison with assignments in the

United States"” (Ref 46:1). 6Goals 4, 7, and 8 correspond

to the three facets of the USAF retention policy (Ref

6:69).
7. Minimize the number of remote tours in a 20 year
career. Again, this assumes that a member would rather

spend more (if not all) of his time at assignments in the
CONUS and with his family.

8. Minimize the amount of involuntary time spent
overseas. Involuntary is a qualifier which is used to
exclude those tours which are requested. Requested tours
may include those which are accompanied or are located in
generally desirable 1locations. This goal addresses those
tours that are generally undesirable, such as the cold or
remote tour. Frequent involuntary assignments can have a
negative effect on retention behavior.

9. Maintain the distribution of skill levels and
experience within the Air Force and individual AFSC’s.
This goal 1is concerned with the ratio of experienced to

relatively inexperienced people.

10. Maximize, up to a value of 1, the ratio of total
persannel within an AFSC to the total number required

(authorized). This ratio reflects the percentage strength

at any given level and for the whole faorce. This goal is

i -0 A
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concerned with force readiness and the efficient
accomplishment of the "mission®.

Priority Listing of Goals. The goals stated in 6, 7,

and 8 can be thought of as being subordinate to goal 4.
In turn, goal 4 can be affected by goal S5, and so on.
These relationships exist between all ten of the goals
identified. Some of the goals conflict with others, some
are parallel, some subordinate others. It would be rare
to find a situation involving a complex system where these
conditions did not exist. In an effort to minimize the
incongruities between the stated goals, the follawing
priority sequence is defined: 10, 9, 1, 2, 3, S5, 4, 8, 6,
7.

This priority sequence is an hypothesized view of the
system. Schoderbek, Schoderbek, and Kefalas (Ref 42)
pointed out that "multiple organizational goals cannot all
be maximized"” (Ref 42:246). Conflict emerges as a result
of less than complete compatibility of goals. Actual
system goals emerge and can be determined by observing
system behavior. The above priority sequence, showing the
goal of manning percentage as the primary goal, stems from
five aobservations:

1. Assignments can be made in a secondary AFSC if the
airman’s skill levels are the same in both the primary and
the secondary, and a shortage (that 1is, total manning

shortage) exists in the secondary (Ref 46:32).
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2, An airman may be assigned to a tour requiring a

grade two steps higher or one step lower that the one held
(Ref 46:32 and Ref 8).
3. The AFMPS operates under end—-strength constraints

imposed by Congress (Ref 37).

4. Imbalanced AFSCs within AFCC are typically
overmanned at skill level 3, undermanned at skill level 3,
and close to 100% manned in the aggregate (Ref 1 and Ref
25).

S. Assignments to remote tours are made first,
overseas long tours second, and CONUS tours last. This
priority is followed even if it means not meeting one or
more of the rotation objectives outlined in AFR 26-1,
volume 1 (Ref 8).

The above priority sequence is not to say thet
managers within the airman assignment and rotation system
are not concerned with goals such as maximizing morale or
minimizing involuntary overseas tours. Indeed, the

situation would be much worse than it currently is without
such concern.

Structure verification interviews were conducted as

part of the model verification tests that are discussed in

Chapter Four, Model Testing and Verification. The

majority of the individuals interviewed agreed with the

priority sequence that was used for model development.
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Sectorization. The goals of the system fall within

three major sectors:

1. Personnel Fill

2. Air Force Rotation Objectives

3. Manpower Authorizations
For the purposes of this study, the Manpower sector will
be considered cons*ant and integrated into the other
sectors. That . ..=% that force requirements will not
increase with “-. - rsiage of time. The implications of
this assump-...n ar« that the manpower requirements will
not change in response to changes in the mission,
technology, or economy. The validity of this assumption
is dependent on the time horizon of the study and the
purposes for which the model is used.

The system goals are grouped into the three major
sectors as shown in Table 3.3. The definition of goals
and sectors allows causal loop diagrams of the system to
be constructed. Use of the causal loop diagrams allows a
more aggregate look at the system and at the same time an
opportunity to examine the entities and cause and effect

relationships at a higher level of resolution.
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Personnel Fill

1. Sufficient assignments
S. Minimal separation rates
?. Skill level distribution
10. Manning percentage

Rotation

2. Cost minimization

3. Non—-voluntary PCS minimization

4. Morale maximization

S. Minimal separation rates

6. Maximization of CONUS time between overseas
and remote tours

7. Minimization of number of remotes

8. Minimize involuntary overseas time

Manpower

S. Minimal separation rates
9. S8kili level/experience distribution

Table 3.3. Three Major Sectors with
Corresponding System Goals

Feedback Structures. Figure 3.5 shows the
interrelationships that occur when considering the

priority sequence of goals stated earlier. As the number
of peaple in any of the individual skill levels within the
AFSC increases, the total number of people in the AFSC
increases. As the total increases, the disparity between
actual number and number required will go down, and the

perceived need for more people in the AFSC will also go
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down. The perceived need is also affected by the
perceived war criticality of the AFSC, which drives the
number required.

As the perception of total manning need increases, so
does the perceived need to increase pay and compensation
with which to retain the currently existing force. This
hopefully prevents the disparity from growing any larger
while at the same time luring in more people to reduce the
disparity. As pay and compensation increase, so does
total system cost.

An increase in perceived need to increase manning
also causes an increase in perceived need to directly
increase accessions. Accessions are broken down into
accession through technical school and accession through
cross training. As both of those accessions go up, system
cost goes up to reflect training expenditures. System
cost 1is also affected propartionally by changes in pay and
compensation.

Completing the loop, the number of people in the AFSC
is increased by increases in the technical school and
cross training accessions. Cost ties this aggregate
diagram dealing with the system priorities to Figures 3.6
and 3.7 dealing with the Personnel Fill and Rotational
sectors.

Figure 3.6 delineates the skill 1level progression

1adder. Table 3.4 shows roughly the correspondence
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between skill levels and enlisted grades. Beginning with
the perceived need to increase accessions, an increase
there causes increases in technical school and cross
;E training accessions. As those accessions increase, the
number of people in level three increases. As the number

2 of peaople in level three increases, the 1level three

o shortage decreases, which causes a decrease in the
perceived need to increase accessions. This is a goal
; seeking or negative-feedback loop.
Skill Level Enlisted Grade
Level 9 E-9
S E-8
S Level 7 E-7
. : E-6
o Level 5 E-S
N E-4
Level 3 E-3
y E-2
* Level 1 E-1

Table 3.4. Correspondence Between Skill Level and Grade

WO
A

S The goal seeking loop described in the above

paragraph depicts how personel enter the system. Behavior
and movement within the sytem are driven by need in higher
levels. As the number of people in level nine decreases,

the 1level nine shortage increases. As that shortage




increases, the perceived need to promote from below (the

only place to draw from to make up the shortage)
increases. As the perceived need to promote increases,
the promotions increase and the number in level seven will
decrease correspondingly. This process continues down the
ladder for level seven drawing from level five, and level
five drawing from level three.

At all 1levels, as the number of people increases, so
too will the number of separations (since there are more
there that can separate). As separations increase, the
number in the level will decrease, and so on. The number
of separations is affected by the dissatisfaction the
member has with the service and level of pay and
compensation being offered. Dissatisfaction is determined
in the Rotation sector and will be discussed shortly. Pay
and compensation are determined by the perceived need for
the pay and compensation. The perceived need is a
function of the individual skill 1level shortages
(increased shortage increases need) and the level of cost
(increased cost decreases need). Increasing the level of
compensation in turn increases cost which completes
another negative loop.

The Personnel Fill sector is connected to the
Rotation sector through cost and dissatisfaction. Cost is
incremented in the Rotational sector each time a PCS

occurs. PCS moves rotate people from CONUS to overseas
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and remote, and back.
!' - As the number of people overseas increases, the |
number of people making return PCS moves increases. As
the number of people leaving overseas increases, the
shortage of people overseas increases, the perceived need
for people overseas increases, and the number of PCS moves
from CONUS to overseas eventually increases.

A similar causal flow exists for remote assignments.
For both flow subsystems, certain indicators cause
individual dissatisfaction to rise and fall. The
components of dissatisfaction are the time spent in the
CONUS between remote and overseas assignments, the average
number of remotes per career, and the average time spent
remote and overseas per career. As dissatisfaction
increases, the individual skill level separation rates in

the Personnel Fill sector increase.

The Rotation sector modelis how people move from
assignment to assignment and how closely the personnel
system is achieving its goals. It supplies measures of
dissatisfaction and cost to the Personnel Fill sector.
The Personnel Fill sector models personnel movement within
the AFSC and tradeoffs bhetween manning efficiency and
cost.

Summary. The purpose of the airman assignment and
rotation system is to provide the proper number of

enlisted personnel in the overseas and CONUS tours so the
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Air Force mission can be achieved. Inexperienced
personnel are brought into an AFSC from the civilian
population through initial military training and technical
school training. A portion of the personnel in an AFSC
are accessed through cross—training from other
specialties. Persaonnel praogress, over time, to higher
skill levels. Retention and separation decisions are made
by individuals over time. Included in the factors that
influence separation rates from skill levels are pay and
compensation, bonuses paid, morale due to rotation
indicators, and the national economy. Personnel within an i
AFSC are assigned to CONUS tours, overseas long tours, or |
remote tours. Rotation from overseas and remote tours is
primarily a function of tour-length. Personnel assigned
to CONUS tours form the rotation base from which
assignments to overseas and remote tours are made.
Assignments are made on a first-in-first-out basis with

volunteers having priority.

Model Development

Model Goals. The goals of this model are motivated

RSP

by its potential implementation as a policy analysis tool.

'.-'j'i"- po

R

There is a need for such a tool at HE AFCC at Scott AFB

and AFMPC at Randolph AFB (Ref 8). Full implementation of

KRR P9

a model as a policy analysis tool takes a considerable

ﬁ amount of model verification and validation. The short
r‘




...........

term goal for model implementation is for the use of the
§ model in education of system structure. As individuals
3 gain confidence in the model, experimentation with the
model may aid in policy analysis.

ié With implementation goals in mind, the objectives in
developing the model were as follows:

1. Develap a system of equations that incorporates
fj the important information feedback control loops of the
airman assignment and rotation system for one AFSC.

2. Produce a computerization that accurately
translates the system of equations to a form that can be

stepped through time.

3. Incorporate within the computerization the
ability to easily change the system structure and
parameters.

4. Within the given time constraints, perform

structural verification and parameter verification.

5. Attempt to validate selected model results with
actual system results.

; 6. Examine model behavior as a consequence of
‘ extreme conditions.

7. Examine model behavior sensitivity for counter-
intuitive results that may be explainable by knowledge of
the system.

8. Perform policy experimentation (Policy tests are

addressed in the next section).
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implementation goals in mind is useful in developing the

L, = These objectives do not represent a ‘"one-page"”
% --

| process. It is important to recognize that one must cycle
o

Ei through the objectives of the model. Keeping
~

above model objectives as well as the policy tests to be

performed.

Design for Policy Analysis. The policy tests

outlined below have derived from a general perception base
on empirical work and analysis of the assignment/rotation
system. This perception has been gained through
conversations with individuals at AFMPC and AFCC, general
reading of literature pertaining to the personnel system,

reading of other personnel models, and education gained as

‘!} a result of model development. To be more specific, the
reference(s) following each policy test refer(s) to the

3 report or interview in which the test was either

P suggested, tried previously in a model, or implemented

previously in some portion of the airman assignment and

rotation system. The following tests were implemented and

will be addressed later in this report.

1. Vary compensation across the board. (Ref 44)

2. Target increased compensation to individual
groups within the AFSC. (Ref 44)

3. Apply a bonus policy as a function of various
manning percentages versus individual skill level manning
percentages. (Ref 49 and Ref 27)

at .
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4, Vary the emphasis placed on total manning

percentage versus individual skill 1level manning
percentages. (Ref 25)

S. Vary the formulation of the separation rates from
individual skill levels. (Ref 37)

b. Combine an imbalanced AFSC with a related but
balanced AFSC. (Ref 8 and Ref 2%5)

7. Change the percentage of accessions allowed from
cross training. (Ref 8)

8. Vary the formulation of dissatisfaction due to
rotational factors. (Ref 37)

These tests are representative of policies that might
be considered by policy makers. Policy tests during model
analysis can bhelp to increase confidence in the model.

To facilitate policy testing, the model was built so
that the DYNAMO ‘“rerun" option could be used. The model
contains the rerun option that "shifts" DYNAMO into the
rerun model. A separate rerun file is then used to change
. any constants or tables appearing in the model. The
statement RUN (new title) 1is placed in the rerun fiie
following the changes to constants or tables. Either

another rerun sequence or the statement QUIT is placed

following the RUN statement. (Ref 39:99-101) All of the
. above policy tests can be run with the DYNAMO rerun
option. Refer to Appendix B, Sample Rerun Files, for

examples of how rerun files are used in the policy
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testing. This procedure minimizes the cost of examining
behavioral sensitivity.

Summary. This model of the the airman assignment and
rotation system was developed for use as a policy analysis
tool for managers at AFMPC and AFCC Headquarters. The
application of the model will depend on the degree of
confidence placed in the model by the user. The use of
the model will range +fraom a tool for understanding the
system structure to a tool to assist in the evaluation and
implementation of new policies. The policies that were
examined in this study are listed above. These policies
were enumerated before the actual development of the model

to assure that the proper “boundary" for the system

4%2 structure was selected. They were presented here to

v 2 A

assist the reader in following the direction of the formal

TN,

e
: AL AL N

.

model development given in the next two sections.

The airman assignment and rotation system consists of

» L
YRl

three major sectors. The Personnel Fill sector and the

Tavtx
[ TN

Rotation sector are discussad in detail below. The

Manpower Authorization sector will be considered to be

. constant and integrated into the other sectors. The
?E discussion of the Personnel Fill sector and Rotation
% sector will contain a summary of the inputs, outputs, and
3 major processes of the sector. Following the summary, the
%; model formalization including a description cf the flows
4

and levels and the formulation of the mathematical model
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testing. This procedure minimizes the cost of examining

.
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behavioral sensitivity.

Susnary. This model of the the airman assignment and
rotation system was developed for use as a policy analysis
tool for managers at AFMPC and AFCC Headquarters. The
application of the model will depend on the degree of

confidence placed in the model by the user. The use of

the model will range from a tool for understanding the
system structure to a tool to assist in the evaluation and
E implementation of new policies. The policies that were
! examined in this study are listed above. These policies

were enumerated before the actual development of the model

to assure that the proper “"boundary" for the system
structure was selected. They were presented here to
assist the reader in following the direction of the formal
model development given in the next two sections.

The airman assignment and rotation system consists of
three major sectors. The Personnel Fill sector and the
Rotation sector are discussed in detail below. The
Manpower Authorization sector will be considered to be
constant and integrated into the other sectors. The

discussion of the Personnel Fill sector and Rotation

sector will contain a susmary of the inputs, outputs, and |

major processes of the sector. Following the summary, the
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model formalization including a description of the flows

and levels and the formulation of the mathematical model
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will be presented. The Personnel Fill sector will be

presented first.

Personnel Fill Sector
The Personnel Fill sector models personnel movement
within the AFSC and tradeoffs between manning efficiency
and cost. The major processes include accession into the
specialty, promotion from one skill 1level to the next,
separation from skill levels, and payment of bonuses.
Exogenous inputs include the level of pay and
compensation, and the perceived national 1labor market.
Inputs from the Rotation sector include dissatisfaction
due to rotational indicators and cost. The Personnel Fill
sector will be discussed conceptually, and the formulation
. of the key equations will be presented. The four major
skill levels are now presented and will be followed by a
discussion of each level.

Major Levels. The Personnel Fill sector has four

major levels:

1. Skill Level 3 (SL3)

2. Skill Level S5 (SLS)

3. Skill Level 7 (SL7)

4. Skill Level 9 (SL9)
These levels identify the number of people in each skill
level within the AFSC. Table 3.4, presented previously in

section two of this chapter, shows the correspondence
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between skill levels and enlisted grades. Skill level 1
personnel are those individuals in technical school and
are counted in the pipeline delay between the source and
skill level 3.

Individuals normally are promoted to E4 or skill

level 5 before they reach the point where they are
Ej eligible to separate from the Air Force. If the individual
?i does not separate, the expected time in skill level S is
about eight years (Ref 8). The assumption that first term

separation rates are skill level 3 separation rates has

been made, since <first term separation rates are usually
higher than those rates of later year groups.

The process of promotion forms the flows into and out
of each major level. Each inflow rate is, in part, a
function of the level shortage which it increases. In
this sense, the levels tend to pull in their required
pecple. At a lower level of aggregation, such as an
isomorphic model of the type described in Chapter Two, an
alternative formulation could have been used. This
alternative formulation would push people into the
succeeding skill by computing the rates as a function of
the amount of time spent in a level. The push formulation
has the advantage of handling the situation in which one
criterion for promotion is length of time in a level, even
though the model structure would have to capture more

detail of the system to accurately reflect that
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phenomenon. The pull formulation used in this model has
the advantage of promoting only enough people to meet
current needs. This formulation, as will be discussed in
Chapter Four, Verification and Validation, appears to
reflect system behavior.

The diécussions of each slill level are presented
below. The internal processes for each skill level will
be devel oped by presenting the flow diagrams ,
corresponing DYNAMO equations, and variable definitions
for portions of the each skill level section. A composite
flow diagram for each skill level will be presented at the
end of each section. A similar process will be used to
develop the Rotation sector.

Skill Level 3. The lowest skill level captured in
the model is Skill Level 3 (SL3). SL3 is increased by the
Level 3 accession rate (L3AR) (see figure 3.8). L3AR, is
delayed through the DYNAMO function DELAYP. DELAYP, a
third order exponential delay filter, is used in equation
PF2. The average time it takes an individual to pass
through this level is L3AT (Level 3 Adjustment Time).
L3AT is the average length of time to complete technical
school for an AFSC. L13PQ (the pipeline gquantity for the
delay) is a level that represents the number of people in
technical school. This representation derives from the
fact that all individuals entering skill level 3 of an

AFSC must enter through technical school.
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Figure 3.8. 1Input to Skill Level Three

R L3AR.KL=TEMPRT.K*TSCHM.K PF1
R L3ARD.KL=DELAYP (L3AR.JK,L3AT,L13PR.K) PF2
L SL3.K=SL3.J+DT#* (L3ARD. JK-L3ILSPR. JK) PF3

L3AR=Level 3 Accession Rate (people/year)

L3ARD.K=Level 3 Accession Rate Delayed (people/year)

L3AT=Level 3 Adjustment Time (years)

L13P@=Pipeline Quantity for Level 1 to Level 3
(people)

§L3=51i11 Level 3 (pcople)

The training process, ranging from a few months to a year
for the imbalanced AFSCs under study, has the effect of
delaying the entry of personnel into skill level 3. A
third-order delay was chosen because a sudden increase in
requirements for personnel would probably not immediately
result in an increased accession rate (Ref 8). A
third-order delay is justifiable because some people would

begin arriving before the normal length of training, some
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S would arrive late, while the greatest number of arrivals
- = would occur around the specified training time, L3AT (Ref
: 39:109).
i? The pipeline level, L13PQ, is used in equation PFS.
] Pipeline quantities are important in personnel systems for
;2 computing the total population of personnel in the system
% and in avoiding the tendency to “over-shoot® a desired
level of personnel (Ref 435). Due to the order of
.3 computation in DYNAMO, it is necessary to use the pipeline

quantity of the last time period for these computations.
Figure 3.9 illustrates this process. PR13CT (equation

PFb6) is a two-word array that supplies DPQR13 the last time

P S P

period’s pipeline quantity.

DT
N
v .
L13PQ % PQIZCTT(Y)
PQI3R N SHIFTL
‘o> P@I3CT |-~
DT '
€ e

Figure 3.9. Flow Diagram of Obataining the Last Period’s
Pipeline Quantity

A DPQA13.K=SHIFTL (PQ13CT.K,DT) PF4

co R PR13R.K=L13PQ.K/DT PFS




L PRI3CT.K(1)=PR13CT.J(1)+DT*#PA13R.JK PF6

DPR213=Dummy Pipeline Quantity for Level 1 to Level 3
(people)

PQ13R=Pipeline Quantity Rate for Level 1 to Level 3

{peaople)

P@13CT=Pipeline Quantity Level 1 to 3 Counter

(2 word array of peaople)

This is done through the 1linear shift function SHIFTL.
"The SHIFTL function permits the user to assign a value to
the first element of a vector, shift that value
periodically to higher and higher positions in the vector,
and finally obtain its value when it reaches tiie last
position” (Ref 39:392). DT was chosen 2s the shift period
80 the last period’s value could be ocbtained.

The pipeline quantity DPQ1¥ is wused in the
computation of the Level 3I Shortage (L3SHRT). When
resource managers compute the amount of new personnel
required to fill current and projected vacancies, they
must consider the expected number of personnel currently
in technical school (Ref 8). Similarly, the Total Force
Shortage (TFS) computation is a function of the Desired
Total Force (DTF) and the actual Total Force. TF is
obtained by summing the number of people in all the skill

levels and the number of people in transition from one

skill to another.

The MAX function is used in the shortage

If the computed value is negative, zero is

computations.
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S taken as the shortage amount. This implies that
Q‘.b “
~&

overmanning is allowed. That is, the minimum is imposed

to prevent overages from bheing forced out of a level.
Resource managers must consider a variety of
information sources when determining the future needs of a
given AFSC. These needs are translated into recruiting
quotas and technical school positions. Resource managers
keep records of past separation and promotions rates.
They are also aware of current shortages in particular
skill 1levels and in the AFSC as a whole. AN overall
shortage, due to end-strength constraints and the need for
a specified manning level to accomplish the mission, must

be alleviated quickly. (Ref 8, Ref 25, and Ref 37)

J |__MAX | SL3

DPA3_ o - |
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Figure 3.10. Flow Diagram for Computing Shortages
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A L3SHRT.K=MAX (O, DL3-SL3.K-DPR13.K) PF7
A TF.K=SL3.K+SLS.K+5L7.K+SLY. K+DPE3S. K+DPRS7K
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A TFS.K=MAX(O,DTF.K-TF.K) PF9

L3SHRT=Level 3 Shortage (people)

DL3=Desired Level 3 (people)

TF=Total Force (people)

TFS=Total Force Shortage (people)

DTF=Desired Total Force

To capture the essential information, shortages were
computed (figure 3I.10). The shortages are used in the
computation of the technical school accession rate
(TSCHAR) and the cross-training accession rates. A small
fraction of the personnel in a specialty may come in
through cross-training. This fraction ranges from less
than one percent to five percent (Ref 8). This fraction,
XTNGFX, can be changed during reruns. Figure 3.11

illustrates the computation of rates that are used to

obtain L3AR.

N e eeam - JL3ISHRT, %,

(TSCHAR ) <~ .7 N
7 \\ Q:- ----- 4 ‘ \‘
TFWT -~ 7 Lo T TFS] .
©.. . PR |
;"\, -7 - - \
L3wWT , xTveer) ~ < '
-e' --)e a _) ]
/ 7 e !
XTRGFL_ - |TABLE | :
- ———— ey |
o - ST TSCHMT '
PNLM ’7: P4

- < -7

PEROI DL ~ TSeHmM ---~

Figure 3.11. Flow Diagram for Level 3 Accession Rate
Components
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A TSCHAR.K=(L3IWT#L3SHRT.K+TFWT#TFS.K) # (1-XTNGFX) PF10

bt .‘,':\

- A XTNGAR.K=XTNEF X#* (LIWT*L3ISHRT . K+TFWT*TFS.K) PF11
A PNLM.K=SIN(6.283%#TIME.K/PERIOD) PF12
A TSCHM.K=TABLE (TSCHMT,PNLM.K,~-1,1,4) PF13
T TSCHMT=1/1/.9/.85/.8/.8 PFi14

oy,

TSCHAR=Technical School Accession Rate (people/year)
L3WT=Level 3 Weight

TFWT=Total Force Weight

XTNGX=Cross—Training Fraction

PNLM=Perceived National Labor Market
XTNGAR=Cross-Training Accession Rate (people/year)
TSCHM=Technical School Multiplier

TSCHMT=Technical School Multiplier Table
PERIOD=period of perceived "labor cycle®

TSCHAR and XTNGAR are used to make up shortages.
These quantities are both functions of:
1. Level 3 Shortages (L3SHRT),
2. Total Force Shortage (TFS),
@ 3. Cross-Training Fraction (XTNGFX), and
4. emphasis placed on managing the AFSC by TFS and by
L3SHRT, reflected in TFWT and L3WT, respectively.
The use of "management weights” is a simplification of the
actual process. A resource manager cCcan never ignore
shortages ar overages in particular portions of the
system. However, he must make a policy decision from
which actions will be taken in regard to these shortages.
By using these weights (which must sum to one), different
policies can be reflected.
Exogenous inputs affec* TSCHAR and XTNGAR in addition

to the above four components. .fajor General Stuart H.
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Sherman, former director of Manpower at AFMPC, believes
the major driving force behind recruitment as well as
retention in the Air Force is the national economy (Ref
44), Jay W. Forrester’s System Dynamics National Model
(Re+f 15) displays three cycles associated with the
national economy:
i. short-term business cycle,
2. 15-to-25-year Kuznets cycle, and
3. 45-to-60-year Kondratieff cycle. (Ref 15:30)
The business cycles exhibit a sinusocidal type of behavior
with peaks three to seven years apart. The two long waves
are useful in explaining many types of behavior and may be
useful in determining the long-term behavior of the airman
QL; assigr~ent and rotation system. However, Forrester
explains that the business cycle behavior invokes response
from many social systems in an effort to counter or take
advantage of effects (Ref 15:50-51). For this reason, the
SIN function is used to model the effects of the business
cycle on the supply of personnel to the Air Force and in

particular to the imbalanced specialty in gquestion. PNLM

IR

(Perceived WNational Labor Market) is computed using the
SIN function with a specified period. 1Initially, this
period was set to a value of 7 years. PNLM is converted

to a wmultiplier, TSCHM (technical school multiplier), to

oy = X iy
CRROARNS P5- eachane:

reflect the fraction of people the Air Force can

successfully recruit as a function of PNLM. This value
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was initially set to range from a value of .8 for peak
values of business to 1 for low values. These values were
based on analysis by individuals at AFMPC and AFCC
Headquarters (Ref 8 and Ref 25). The sensitivity of the
model to these table values was explored in Chapter Four,
Model Verification and Validation.

To camplete the discussion of SL3, figure 3.12

illustrates the flows out of and into SL3.

2
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Figqure 3.12. Flow Diagram of Flows into and out of Level
3

A TEMPRT.K=XTNGAR.K+TSCHAR. K+SMOOTH (SR3. JK+L3LSPR. JK-

TFWT#* (MAX (0, TF.K-DTF.K) ) —L3WT* (MAX (0, SL3.K+

DPE@35.K-DL3)), 1) PF15
R SR3.KL=MIN(SL3.K,NL3SR*DISSAT.K*L3ICFAC.K#*
LSBFAC.K) PF16
R L3LSPR.KL=MIN(SL3.K,LSSHRT.K) PF17
A L3CFAC.K=TABLE (L3CTAB,L3CPM,5,15,2) PFi18
T L3CTAB=2/1.5/1/.9/.8/.7 PF19
R L3AR.KL=TEMPRT.K#TSCHM.K
(PF20)
90
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TEMPRT=Temporary Rate for L3AR {(people/year)

SR3=Separation Rate from SL3 (people/year)

L3LSPR=Level 3 to Level 9 Promation Rate
(people/year)

L3CFAC=Level 3 Compensaion Factor

L3CTAB=Level 3 Compensation Table

The Separation Rate from Level 3, SR3, is a function
of the following:

1. Normal Separation (NL3SR), obtained from rate data
for FY80 through the first three quarters of FY82 (Ref 1,
Ref 2, Ref 3, and Ref 4),

2. Dissatisfaction (DISSAT), a variable obtained from
the Rotation sector,

3. Level 3 Compensation Factor (L3CFAC), and

4, tevel S Bonus Factor (LSBFAC), from the Skill Level
S section of the Persaonnel Fill sectoar, that is a measure
aof the increase or decrease in separation rate due to
bonuses paid.

L3ICFAC is a multiplier based on the Level Cost Per
Man (L3CPM). L3CFAC is set to one if, based on the input
to the table, the individual is ambivalent with regard to
his pay. This point of ambivalence is currently set at
$9,000. If the average pay decreases, the multiplier
L3CFAC rises, and conversely. This formulation is based
on the conclusion reached by Chow and Polich (Ref 11) with
regard to the effect of pay and compensation on retention.

The models formulated by Chow and Polich (Ref 11) showed

that pay and compensation had a large contribution to the
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- retention decision. The value of $9,000 was chosen as the
point of ambivalence since this was roughly the pay for
SL3 personnel for FYB82. Two managers (Ref 8 and Ref 25)
felt that, for the imbalanced AFSCs, that the level of pay
for FYg2 was perceived to be "adequate” by many
individuals in those specialties. A portion of the
improvement in separation rates for FY82 was attributed to
the significant pay increase that was given. What is more
important than this actual level of ambivalence is the

recognition of the relationship of the value given to

L3CPM. The "base” run of the model has L3CPM set slightly

i below the ambivalence point. This can be changed in a

rerun to view the impact of the change on the model

6!% outputs. This was done in Chapter Five, Policy
Experimentation.

As mentioned previously, resource managers keep

records of separation rates, promotion rates, shortages,

and overages. The promotion rate from Level 3 to Level 5

(L3SPR) is computed as a function of the Level S Shortage.

Knowing the history of flows out of a skill level allows

Y

. resource managers to "smooth" out the randomness from data
pertaining to personnel movement. The DYNAMO function

SMOOTH allows accumulation and averaging of information.

VRS &

In equation PFi1S, the values of SR3, L3LS5PR, and force
overages are algebraically combined and then accumulated

to produce an exponentially weighted moving average aver

il agime « IR+ AV AL A
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one year. This smoothed value is then added to XTNGAR and
TSCHAR to produce TEMPRT. TEMPRT represents the total
number of people per year required to come into SL3.
TEMPRT can be thought of as a "recruiting goal" for the
given AFSC. TEMPRT is then multiplied by TSCHM tao yield
the actual number of people that do flow into the AFSC.

The above formulation was chosen after alternative
formulations failed to reproduce system behavior. Further
discussions with individuals at AFCC Headquarters, AFMPC,
and USAF Headquarters (Ref 8, Ref 235, and Ref 49) revealed
that managers consider not only the current situation of
an AFSC, but its history as well. The SMOOTH function
gives more weight to more recent observations but does not
ignore past observations. The smoothing constant of 1
year was chaosen based on the interviews mentioned here.
Alternate smoothing constants produced similar results.
Multiplying TEMPRT by TSCHM was also based primarily on
interviews. Resource managers recognize that the Air
Force does not always get the full number of recruits
needed. Even though the situation in the Air Force has
historically been better in terms of recruiting quotas
than that of the other branches of the U.S. Armed Forces,
there are years during which Air Force quotas are
difficult to achieve (Ref 8). For this reason, TEMPRT is
adjusted by the econamy indicatar, TSCHM.

The major portions of the Skill Level 3 section of

93
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the Personnel Fill sector have been presented. Figure
3.13 illustrates all of the process in one diagram. The
Skill Level 5 (SLS) section is presented next.

Skill Level S. The payment of bonuses is computed in

the Skill Level S section of the Personnel Fill sector.
The justification and methodology of bonus payments will
be discussed followed by a discussion of the SLS flows.
Many things are considered when paying a bonus to an
AFSC. AFMPPP at USAF Headquarters is the program office
that makes bonus payment recommendations for Air Force
enlisted AFSC’s (Ref 49). Each AFSC is reviewed twice a
year. Table 3.5 summarizes the Office of Secretary of
Defense (0OSD) criteria +for the payments of the selective
reenlistment bonus (SRB). These criteria are somewhat
general, allowing each branch of the U.S5. Armed Forces
some degree of flexibility in applying the bonus. The Air
Faorce concentrates the greatest amount of bonus money on

first reenlistment.

-- Serious undermanning

-- Must hAve significant effect

-— Chronic or persistent shortage
-~ High first term replacement cost
-— Relatively unattractive

-— Essential to defense mission

-— Cost effective

Table 3.5. 0SD Criteria for Payment of SRB (Ref 49)
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Flow Diagram for Skill Level Three

95




.................

The annual value of the bonus under SRB legislation
( [ is a function of the SRB multiplier. This multiple is

v either 1, 2, 3, or 4. The bonus for an individual is

:3 equal to either:
: 1. one month basic pay times SRB multiplier, if
eligible for SRB, or
2. O, if not eligible for SRB (Ref 11:20).
Chow and Polich (Ref 11) found a “"small position
association between bonus level and reenlistment rate”

(Ref 11:20), They also point out that the "actual causal

effect of awarding a bonus may well be higher than the

difference among bonus levels®” (Ref 11:20). Table 3.6

tabul ates the average amount of the bonus for SRB
ao multiples 2 and 3 and shows the corresponding percentage
reenlisting. This table is adapted from a DoD—-wide study

by Chow and Polich (Ref 11) published in 1980. The
authors felt that the difference among specialties with
varying levels of bonuses are due to the counteracting

influences, civilian opportunities, and the nature of the

job as well as to the bonus level itself (Ref 11:21). The
effect of the bonus in models which control for nonbonus

factors is wusually higher than in models with no such

P LAY

controls, "but even then it is probable that the bonus

o®

coefficient remains underestimated"” (Ref 11:21).
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Bonus SRB Pay Value No. of Reenlistment
Level offered Grade of Potential Percentage

Bonus
0 No E3 (o] 42 26.2
E4 0 105 21.9
ES 0 2 50.0
2 Yes E3 869 37 13.5
E4 948 283 25.4
ES 1026 116 37.9
3 Yes EI 1345 27 11.1
E4 1438 102 27.95
ES 1559 113 23.0

Table 3.6. Percent Reenlising by Bonus Levels
(Ref 11:21)

Tables 3.7 and 3.8 tabulate the retention and SRB
multiples for the imbalanced AFSCs within AFCC. The
retention rate is expressed as a percentage using the
following equation:

Retention rate = (Total Number Reenlistees)/
(Total Number eligible to reenlist)

Data was obtained for the last three years, with only the

first three quarters shown for FY82. Retention rates are

given for first term, second term, and career (third term
to retirement). SRB multiples are given for zone A (first
term), zone B (second term), and zone C (career). No

payments for zone C have been made.
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~ FY82-3 FY81 FY80

o TERM TERM TERM

o] AFSC 1 2 3 1 2 3 1 2 3

i

N 293x3 50.8 81.0 84.0 20.7 49.1 72.6 26.2 63.5 61.2

!i 304x0 47.0 67.9 70.9 3b.b6 60.7 70.58 21.7 S58.6 65.5

55 304x6 40.0 62.5 75.0 37.1 70.6 66.1 16.9 &62.1 77.2

2 306x1 22.0 43.7 67.5 13.7 28.6 &7.6 6.0 38.5 66.0
306x2 48.5 62.5 67.0 27.3 67.6 68.1 20.4 60.0 72.7
307x0 3I5.2 66.9 64.4 25.4 48.7 74.4 17.9 S4.4 S7.7

Table 3.7. Retention Rates for AFCC Imbalanced AFSCs

FY82-3 Fy8a1 FY80

ZONE ZONE ZONE
AFSC A B C A B C A B C
293x3 1 1 - - - - - - -
304x0 I 2 - 3 2 - 2 1 -
304x 6 2 1 - 2 1 - 2 1 -
306x%1 2 - - T - - - - -
306x2 1 - - 1T - - - - =
307x2 1 2 - 1T - - - - -

Table 3.8. SRB Multiplier for AFCC Imbalanced AFSCs

It is very difficult to establish an accurate
correlation between retention rates and bonuses paid. The
same difficulty arises in analyzing pay and compensation

or roaotation indicators with respect to the effect on

retention rates. In the case of bonuses paid, the model

v

'l Y oY
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examines skill level 5 manning percentages. This

formulation is based on the fact that AFMPC must, by law,
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examine the following shortages for an AFSC:

1. 3 - 6 years,

2. &6 - 10 years, and

3. 10 - 14 years.
Other things considered in the payments of a bonus include
retention Tates, the nature of the job, civilian
opportunities, overall shortages, projected retention
rates and shortages, and the effect (in terms of "extra“
peaople retained) of a bonus. ({Ref 49)

Skill Level S in the Personnel Fill sector contains
personnel in roughly the 3-12 year range. Because of this
level of aggregation, the Level S Manning Percentage
(LSMPCT) was used to determine the Perceived Need to Pay
Bonus (PNTPB1). A factor is computed based on this
manning percentage (see figure 3.14). AFMPC managers (Ref
49 and Ref 27) report that, in most cases, skills with
severe shortages (under A0J) would receive a high bonus.
Exceptions to this rule would be a skill for which the
required manning levels were suddenly increased by a large
amount. In such cases, the separation rate history would
give more useful information.

Between 607 and 1007 manning, PNTPB!l declines. The
actual numbers are difficult to assess in the aggregate.
Interviews (Ref 49 and Ref 27) and data on manning levels
(Ref 1, Ref 2, and Ref ) were used as guides in obtaining

these numbers. Chapter Four, Verification and Validation,
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addresses the sensitivity of the model results as a
function of the structure of table values. An alternative
formulation of PNTPB1 based on an exponential smooth of

retention rates is also presented in Chapter Four.

PrT PRI
.10 -

* g ——

.6 4

1+

a4

} — } e~ } } { ¢ LSmPLT
ao 4O L0 g0 100%

Figure 3.14. Table Formulation for PNTPB1

PNTPB1 is multiplied by a "pressure"” factor, PNTPB2,
to obtain the actual perceived need to pay a bonus
(PNTPB). PNTPB2 is a number between O and 1 that is a
function of the total cost of operating the AFSC due to
past bonuses paid, PCS moves, and level of pay and

compensation <(not including bonuses). Lower amounts of

money spent vield higher values of PNTPB2. This

formulation is a simplification based on a description By

an AFMPPP manager of the process involved in obtaining

Congressional and O0SD approval of bonuses paid (Ref 27).
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The Air Force evaluates each skill twice a year. Requests
and justifications for SRB multiples for each skill are
submitted to Congress with the President’s budget in
January of each year. Justification information includes
skill shortages for the three zones A, B, and C,
reenlistment rate data, and the expected number of
enlisted personnel gained from the bonus. Included in
each request are:

i. bonus level awarded in current year,

2. specific requests for budget year, and

3. anticipated need for one out-year (Ref 27).
Based on these requests and Air Force testimony, SRB
payments become incorporated {(with possible modifications)
in the budget from Congress. The actual numbers
associated with PNTPB2 are shown in equation PF23. The
sensitivity of model results to this table is addressed in
Chapter Four.

PNTPB is translated into an SRB multiple in a table

function. Figure 3.15 illustrates the formulation for
Bonuses Paid (BONSPD). The BONSPD is an SRB multiple
computed as a function aof PNTPB. Historically, the

highest GSRB multiplier given has been 4. Although the SRB
multiplier can Qo as high as &, there is a maximum of
$146,000 per man in each of 2zone A, B, and C. Under a
multiplier of 4 and a 4-year abligation period, this

maximum is usually reached.
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Figure 3.15. Table Formulation for BONSPD

Figure 3.16 depicts the flows, levels, and
information used for the SLS section. The computation of
the bonus has been explained and is represented in the
flow diagram. Equations PF20 to PF30 represent the
mathematical formulation for the brwius effect. The SMOOTH
function is used in equation PF to represent a first order
information delay exponentially smoothed over a specified
Bonus Delay Time (BDT). BDT represents the amount of time
between the decision to pay bonuses and the point at which

bonuses are received.

A LSMPCT.K=SLS5.K/DLS PF20
A PNTPB1.K=TABLE (L5BPTB,LSMPCT.K,0,1,.2) PF21
A LSBPTB=1/.8/.6/.3/.1/0 PF22
A PNTPB2.K=TABLE (COSTAB, SHIFTL (PRVCST.K,DT), 0, 1000,
100) PF23

T r°STAB=1/.93/.86/.79/.72/.65/.55/.43/.2/.1/0 PF24
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A PNTPB.K=PNTP1.K*PNTPB2.K PF25
A BONSPC.K=TABLE (LSBONT,PNTPB.K,0,1,.2) PF26
T LSBONT=0/0/1/2/3/4 PF27
A LSBF.K=TABLE (LSBFT, BONSPD.K,0,4,1) PF28
T LSBFT=1.2/1.05/.8/.65/.5 PF29
A LSBFAC.K=SMOOTH{(LSBF.K,BDT) PF30

LSMPCT=Level 5 Manning Percentage

PNTPBl=Perceived Need to pay Bonuses from LSMPCT

LSBPTB=Level 5 Bonuses Paid Table

PNTPB2=Perceived Need to Pay Bonus from COST

COSTAB=Cost Table for PNTPB2

PNTPB=Perceived Need to Pay Bonuses

BONSPD=Bonuses Paid Multiple (0 to 4)

LSBONT=Level 5 Bonus Table for PNTPB1

LSBF=Level S Bonus Factor

LSBFT=Level S Bonus Factor Table

LSBFAC=Actual Level S5 Bonus Factor {(delayed)

Other than the bonus portion of the SLS flow process,
the computation of levels and flows is very similar to the
SL3 flow process. The Level 3 to Level S Promotion Rate
(L3LSPR) is delayed with DELAYP to form the rate flowing
into SLS. This dela-ed rate, L3S5PRD, employs the delay
time, LSAT (lLevel 5 Accession Time) which represents the
time from the initial identification of people being
promoted to the actual time of promotion. L35PQ (Level 3
and Level 5 Pipeline Guantity) represents the number of
people in transition from Level 3 to Level S. This
formulation is based on the fact that there is a certain
amount of "lead time" associated with promotions. The
personnel in the pipeline are still actually in the lower
level; however,they are not used in computing the actual

number of skill level 3. L35PQ is added to the level SLS

to determine the actual number of people in skill level S.
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R L35PRD.KL=DELAYP (L3LSPR.JK,LSAT,L35PQ.K) PF31
L SLS5.K=SLS.J+DT#(L3SPRD.JK-SRS.JK-LSL7PR. JK) PF32
R PE3ISR.KL=L35PQ.K/DT PF33
L PE@3ISCT.K(1)=PR3SCT.S5(1)+DT*PA3S, JK PF34
A DPQ3S5.K=SHIFTL (PQ3SCT.K,DT) PF33
A LSSHRT.K=MAX (0, DLS5~-SLS. K-DPE35.K) PF36
R SR3.KL=MIN(SLS5.K,NLSSR#DISSAT.K*LSCFAC.K*
(1+LSBFACK) #.5) PF37
R LSL7PR.KL=MIN(SLS.K,L7SHRT.K) PF38
A L3CFAC.K=TABLE (LSCTAB,LSCPM, 8, 18,2) PF39
T LSCTAB=211.5/1/.91/.8/.75 PF40

L35PRD=Level 3 to Level 5 Promotion Rate Delayed
SL5=Skill Level 5
PQ3SR=Pipeline Quantity Rate for Level 3 to S
PR35CT=Pipeline Quantity 3 to S Counter

(2 word array of people)
DPR35=Dummy Pipeline Quantity Level 3 to S
LSSHRT=Level S5 Shortage
SR5=Separation Rate from Level S
LSL7PR=Level S5 to Level 7 Promotion Rate
LSCFAC=Level S Cost Factor
LSCTAB=Level S5 Cost Table

As with SR3, SR5 is a function of the Normal
Separation Rate (NLSSR), LSBFAC, LSCFAC, and DISSAT (from
the Rotation Sector). The Level S Compensation Factor
(LSCPM) is the multiplier based on Level S Cost Per Man.
The ambivalence point is currently set at $12,000. The
rationale for the above formulations is similar to the
corresponding formulations in the SL3 section of the

Personnel Fill sector.

5 Skill Level 7. Figure 3.17 depicts the flows and

levels associated with Skill Level 7 (SL7). As with the
SL3 and SLS sections, the promotion rate is a function of

the Level 7 shortgage and is delayed with DELAYP. The

AUNE Bt rhe e hadar

Separation Rate from Level 7 (SR7) is a function of DISSAT
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(from the Rotation sector), the Normal Level 7 Separation
Rate (NL7SR), and the compensation multiplier for Level 7
(L7CFAC) . The separation rates for the enlisted grades
associated with skill level 7 did not vary with the FY82
to the same degree as the grades associated with the lower
skill levels. However, managers feel that an "adequate®
level of pay for skill levels 7 and ? are a necessary,
stabilizing force for separation rates in lower skill
levels, as well as skill levels 7 and 9 (Ref 8, Ref 27).
That is, SR7 may indeed decline only a little over the
short-term if the pay and compensation per man (L7CPM) is
significantly reduced; however, the future separation
rates for SL3 and SLS5 would probably increase due to
lowered expectations of pay at higher levels. The
ambivalence point was set at $14,000 for L7CFAC. As with
the sections involving SL3 and SLS, L7CPM is currently set
at a level slightly below the ambivalence level.
Sensitivity of the model results to values of L7CPM
relative to the ambivalence point is addressed in Chapter
Four. The equations corresponding to figure 3.17 are
contained in Appendix D, Documented DYNAMO Equations.

Skill Level 9. Figure 3.18 depicts the flows,

levels, and information associated with Skill Level 9
(SLY9). Separation from Level 9 (SR?) depletes SL9. There
is no promotion to a higher level from SL9. The

ambivalence point for L9 CFAC is set at $19,000. This
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Flow Diagram for Skill Level 9
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assignment is made somewhat arbitrarily, with sensitivity
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being examined in Chapter Four. The general feeling among
those individuals interviewed was that any value close to
the current level being paid for SL9? personnel could be
considered to be a point of ambivalence. Due to
retirement opportunities, a level significantly lower than

current levels would probably cause an increase in SRY9.

Rotation Sector

The Rotation sector models how personnel move from

assignment to assignment and how closely the airman
assignment and rotation system is achieving its goals.
The Personnel Fill sector provides the Rotation sector
with a rotation base from which assignments are made to
overseas long tours and remote tours. The Rotation sector
provides the Personnel fill sector with a measure aof cost
due to PCS moves and a measure of dissatisfaction due to
ratational indicators. The levels associated with remote
tours, overseas long tours, and CONUS tours are output )
from the Rotation sector. These three major levels will
be discussed separately, with the formulation of the key
equations following the +flow diagrams. Following the
three 1levels will be a flow diagram and discussion of
dissatisfaction due to rotation indicators. This section
will conclude with a composite flow diagram of the

Rotation sector.
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CONUS. In the airman assignment and rotation system,
military personnel can only leave the system (separate
from the Air Force) from a CONUS assignment. In addition,
personnel enter the system in either a CONUS tour or a
CONUS technical school (Ref 8). These inflow and outflow
rates are the same rates discussed in the Personnel Fill
sector; Level 3 Accession Rate Delayed (L3ARD), and the
separation rates from each Skill Level (SR3, SRS, SR7,
SR?).

The level variable CONUS represents the number of
people in CONUS tours. Thus, the value of CONUS is the
rotation base for the AFSC being modeled. Personnel are
rotated to remote tours and overseas long tours from this
rotation base. Assignment priority for imbalanced AFSCs
is as follows: (1) remote (short) tours, (2) overseas
(long) ¢tours, and (3) CONUS (Ref 8). Each overseas and
remote tour has a given tour length, so as personnel
complete their tours, other personnel from the CONUS
rotation base must be assigned to those tours. Associated
with each assignment is a delay due to the “lead time" for
issuing orders and personal leave taken by the individual.
Thus the rates of flow from CONUS to overseas and remote
tours are based on overseas and remote requirements. The
rates of flow from overseas and remote tours is a function
of the tour lengths of those tours. (Ref 8 and Ref 235)

Figure 3.19 depicts the flows to and from CONUS. The
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rate variables obtained from the Personnel Fill sector are
shown in parentheses. The flows coming into CONUS from
the level variables 0S (overseas long tours) and REMOTE
(remote tours) are computed as a function of the number of
people in the non-CONUS tours and their associated tour
lengths, TOUROS (Qverseas Tour Length) and TOUREM (Remote
Tour Length). The rates of flow to 0S and REMOTE will be

discussed following the equations of the CONUS section of

the Rotation sector.

(*o 0% SCC*\'O'V) (+o REMOTE sec oro\

23
TOURDS CT""SD/IL ﬁcw—b B ouREm
- -

- an .
(OS) Z‘L > Corvvu s H—__E7(¢=’(Ram01'i>
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(523)° - 2 (3 PRD)
($R9)

i Figure 3.19. Flow Diagram for CONUS Section
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Overseas. Assigneents to overseas assigneents are
based on current shortages, projected shortages, and

anticipated replacements. For example, if a particular

Tad " 0]

remote base has three 3I06X2 vacancies, none leaving but
two expected replacements coming in the next month, it
will need one additional person assigned to the base in

that AFSC. Figure 3.20 depicts the flow diagram of the

m
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process of rotation of personnel from CONUS to 0S. The
CTO0S rate is delayed with DELAYP. The delay associated
with assigning and rotating personnel is due to
administrative delay and, in many cases, individual leave
or temporary duty enroute. Given a specified delay time,
some people arrive early, others arrive late, but the
majority arrive after the time of delay time (Ref 25). In
the model, the time of delay is specified as policy
variable LAG1. The number in the pipeline is defined as
CTOSPQ, the CONUS to 0S Pipeline @Guantity. gs is
increased by CTO0OSD, the delayed rate.

The flow lines from CTOSPR (figure 3.20) are used in
the model to capture the last period’s pipeline value.
This is the same process that was used in obtaining the
pipeline values in the Personnel Fill sector.

Conceptually, CTOSPQ is a level whose value must be

considered along with the level 0S in determining the need
for more people. However, due to the order of computation

in DYNAMO, the last period’s pipeline value must be

obtained through the use of the linear shift function

SHIFTL. The last period’s pipeline value, DCTOP@ (Dummy

S AL
a4

'L 8,0

CONUS to Overseas Pipeline Guantity), is used in the

dad

calculation of the overseas shortage which determines the

rate C7T00S.
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Figure 3.20. Flow Diagram for 0S

R CTOO0S.KL=SMOOTH(OSTOC. JK+(REQOS.K-0S.K-DCTOPR.K), 1)

R4

R CTOOSD.KL=SMOOTH(OSTOC. JK+ (RERUS.K-0S.K-DCTOPGQ.K)
1) RS
A DCTOPQ.K=SHIFTL (OPRCTR.K,DT) Ré&
R OPQGR.KL=CTOSPQ.K/DT R7
L OPGR.KL=CTOSPQ.K/DT R8

CTOOS=CONUS to O0S Rate (people per year)
CTOOSD=CONUS to 0S Rate Delayed (people per year)
REQOS=Required 0S level (people)

DCTOPG=Dummay CONUS to 0S Pipeline Guantity
LAG1=Delay Time for rotation to 0S (years)
CTOOSPE=CONUS to OS Pipeline Quantity (people)
OPOR=0S Pipeline Guantity Rate (peogple/years)
OPQCTR=0S Pipeline Quantity Counter (2-word array

of people)

Also considered in the calculation of CTO0S is the
historical rotation rate (in people per year) of O0OS
personnel back to CONUS. For planning purposes, resource
managers use rate histories to avoid "overreaction™ to

sudden shortages or overages (Ref 8 and Ref 37). Equation
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. R4 uses one year as the smoothing period for the
o calculation.

Remote. The process described for the 0S assignments
is duplicated for REMOTE assignments. Policy variables in
the REMOTE section correspond to policy variables in the

3 0S section but are named in accordance with their function

; in the REMOTE section. CTOREM (CONUS to Remote Rate) is

! computed similarly to CTOO0S. It is then delayed with

§ DELAYP.

b

- R CTOREM. KL.=SMOOTH(REMTOC. JK+ (REQREM. K-REMOTE . K—
DCTRPQR.K), ) R9

R CTORMD.KL=DELAYP (CTOREM. JK,LAG2,CTORPR.K) R10O

CTOREM=CONUS to Remote Rate (people/year)

REMTOC=Remote to CONUS Rate (people/year)

REGQREM=Required level of remote personnel (people)

REMOTE=Remote level of personnel (people)

a. DCTRP@=Dummy CONUS to Remote Pipeline Quantity
T (people)

CTORMD=CONUS to Remote Rate Delayed (people/years)

CTORPR=CONUS to Remote Pipeline Quantity (people)

LAG2=Delay Time for rotation to remote (years)

P The remainder of the equations for the REMOTE section are
1 contained in Apendix D, Documented DYNAMO equations.

: Cost Calculations. The computation of COST that is
F used in the Personnel Fill sector employs variables from

both the Rotation sector and the Personnel Fill sector.
The reasons for computing cost and the use of cost as a

"pressure” factor were discussed in the Personnel Fill

ram At a-as AN Jnd

sector of this chapter. This section will concentrate on
how COST is computed in the model.

COST is the measure in thousands of dollars per vear
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required to operate the airman assignment and rotation

system for one AFSC. The inputs to COST (see figure 3.21) \

-

Vet
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are the average levels of pay and compensation by skill

.
R

level (L3CPM, LSCPM, L7CPM, and L9CPM), the number of

[.
b
L

persons receiving that level of compensation (SL3, SLS,

SL7, 8SL9), the cost per PCS move (PCSCST), and the number

of PCS moves per year (REMOTE, CTORMD, OSTOC, CTOOSD).

The skill 1level compensation values are in terms of
thousands of dollars per man-year, and the skill levels

are in terms of men. The product of these results is in

units of thousands of dollars per vyear. PCSCST is in

terms of thousands of dollars per PCS moves REMTOC,

CTORMD, 0OSTOC, and CTOOSD are in units of number of PCS

‘g; moves per year. The product results in units of thousands
' of dollars per vyear. LSCPM is augmented by the
approximate value of the bonuses paid. The data for the

imbal anced AFSCs (see Table 3.8) show that the SRB
multiple for Zone B or second term reenlistees is roughly

half of the SRB multiple for zone A or first term
reenlistees. Zone C personnel have nat received a bonus

in these AFSCs, at least since FY80. Since individuals

receiving a bonus would be in SLS, the computation of
bonuses utilizes the value of SLS5. Equation R1l1 contains
the bonus formulation used in computing the couxt of

bonuses. BONSPD is "normalized" over the SLS population,

‘ since segments by this level a2 paid at varying rates.
-
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This is then multiplied by SRBM (value of SRB multiplier
1) which is in terms of thousands of dollars per man—year.
BONSPD is a dimensionless number that is equal to the SRB
multiplier.

R COSTRT.KL=L3CPM*#SL 3. K+ (LSCPM+ (S*BONSPD.K/2) *SRBM/4)

#SL.5. K+L7CPM*SL7 . K+LICPM*SLY. K+
PCSCST# (REMTOC. JK+CTORMD. JK+0STOC. JK+

CTO0SD. JK) R11
S COST.K=COSTRT.JK*#DT R12
L PRVCST.K(1)=PRVCST.J (1) +DT*CASTRT.JK R13

COSTRT=Cost Rate (thousands of dollars/year)

COST=Cost (thousands of dollars)

PRVCST=Previous Cost (thousands of dollars)

The number that is generated by the sums of products
above is considered a rate, COSTRT. A rate is used
because the cost from time period to time period is
required, and the mechanism by which period values are
tracked (SHIFTL) requires a level equation for the two
word array and therefore a rate. The actual current
period cost is calculated as COST, the product of the
COSTRT ($000/time) times DT (time), resulting in thousands
of dollars. The SHIFTL procedure is applied as before to
track values, adding the rate times DT to a zero value and
storing the current cost in PRVCST for use in the next
time periaod as the previous cost.

Digsatisfaction Due to Rotation. Remaining in this
discussion are levels and information flows associated
with the system measures of effectiveness (MOE) used to

calculate the dissatisfaction due to rotation (DISSAT)

17
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that is used in the Personnel Fill sector. The MOEs are:

1. average remote and overseas time per man per career
in years (AROSPM),

2. average number of remote assignments per man per
career (AVGREM), and

3. average time spent in the CONUS between remote and
overseas assignments in years (CTBROS).

AROSPM is calculated as the ratio of the cumulative
time spent remote and overseas (CUMROS) to the cumulative
force strength over time (CUMTF). CUMROS is in units of
man—years. CUMTF is in wunits of wmen. CUMROS 1is
calcul ated as a level which is incremented by the
cumulative rate of people being added to remote and
overseas assignments (CUMRAT). CUMRAT is the sum of the
people in the two levels at the current simulation time in
units of men. By mulfiplying by DT, a value in terms of
man-years spent in remote and overseas assignments is
obtained and added to the 1level to accumulate CUMROS.
CUMTF is calculated as a level of people who have entered
the system. L3ARD is the rate at which people are
realized into the system. CUMTF is initialized with the
number of people starting in the system, then at each time
step the 1level is incremented by L3ARD*DT. This level is
never decremented. It tracks all the people who have
entered the system since start up.

AVEGREM is a function of CUMTF (explained above) and

118
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CUMREM. CUMREM is the cumulative number of peaple that
have been remote up until that point. CUMREM is in terms
of number of tours and is calculated by DT#CTORMD, or the
time by the number of remotes per time, which gives units
aof number of remotes. AVGREM is CUMREM (number of people
in the CONUS and the average transition rate out of the
CONUS (ACRM—Average CONUS to 0S and REMOTE rate). ACRM
is obtained by adding the smoothed CTO0OS and CTOREM rate.
The smoothing constants are policy variables. The
smoothed value for CTOOS is ACOS (average CONUS to OS
rate). The smoothed value for CTOREM is ACRM (average
CONUS to REMOTE rate). CONUS is divided by ACRM to
produce CTBROS. CONUS is in terms of men, and ACRM is in
terms of average number of men transferred per unit time,
or men/{(men/time), which results in units of time.

This completes the discussion of the three minor
levels of this sector, how they are used to calculate the
three measures of effectiveness, and what actually makes
up the MOEs. The flows and levels for the above processes
are depicted in the consolidated flow diagram at the end
of this section (see figure 3.25).

The MOEs are used as more than indicators of system
performance. They also contribute towards calculation of
the measure of the individual service person’s
dissatisfaction with the service (DISSAT). Each of the

MOEs is converted to a multiplier by a table (see figures
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Figure 3.22. Factors for Number of Remote Tours and Time
Remote and Overseas per Career
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3.22 and 3.23):

1. AVGREM to NRTFAC (number of remotes factor) through
NRTTAB,
2. AROSPM to ROSFAC (remote and overseas time factor)
through ROSTAB,
3. CTBROS to CTBFAC (CONUS time between non—-CONUS
assignments factor) through CTBTAB.
CTBFAC ]
a
CTRROS
y T + + +=
\ & 3 Y4
CTe~TAR
Figure 3.23. Factor for CONUS Time between Remote and
Overseas
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These multipliers are set to one if, based on the
input to the table, the individual is neither particularly

satisfied nor dissatisfied. The multiplier becomes

greater than one as the input reflects conditions worse
than desirable, for example, two weeks between remote
assignments. Conversely, the dissatisfaction multiplier
il diminishes to near zero as the inputs become extreme in

= the opposite direction, for example, time between remotes

of 18 years. The formulation of these tables was based on
the input of personnel who were interviewed during this
research. No “hard data"” could be found that gives
functional relationships between the three MOEs and
L: dissatisfaction or between dissatisfaction and retention
rates. Chow and Polich (Ref 11) attempted to control for

rotation effects in determining the contribution to

retention due to other factors. Chow and Polich (Ref 11),

v

in discussing bonuses, asserted that it is difficult to

T

r _ ..
* -n * F LI s 'l 3 lt‘

7

control for "outside" factors such as job opportunities,

the nature of the job, and economic conditions when
o attempting to establish a relationship between retention
[% rates and bonuses. The same difficulties would arise in
S? determining the effect of rotation dissatisfaction on
g; retention rates. As with other tables, the sensitivity of
% model results to these formulations is addressed in
E Chapter Four.
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These three multipliers are multiplied together to
form DISSAT (see figure 3.24). DISSAT itself is a
multiplier which is applied to the normal skill level
separation rates in the Personnel Fill sector. |

Rotation Sector Summary. The three major levels of

the Rotation sector are CONUS, hEHOTE, and 0S. These
levels, together with the associated rates and flows, are
depicted in the consolidated flow diagram of the Rotation

saector (see figure 3.25). The rotation from CONUS to OS

or REMOTE are computed as functions of the 1level of
personnel 0S5 or REMOTE, the expected vacancies, and the
expected arrivals. The expected vacancies are estimated
through a one-year exponential smooth departure rate to
CONUS. The expected arrivals are obtained from the
pipeline quantities in DELAYP. Departure rates to CONUS
are functions of the level of personnel 0S or REMOTE and

the respective tour lengths.

The MOEs computed in the Rotation sector correspond

to the rotation indicators listed in AFR 26—-1 (Ref 64).

QRESS OF § ST an g

The MOEs determine how the airman assignment and rotation

system is performing in relationship to its rotational
g objectives, They also are used in the formulation of the
[}

O3l |

variable DISSAT that is used in the Personnel Fill sector

to affect separation rates.
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Flow Diagram for Dissatisfaction
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Chapter Summary

Chapter Three has presented the conceptual and formal
madel of the airman assignment system. The model was
divided into three sectors with one sector considered to
be exogenous to the other two. The formulation of the two
interacting sectors was presented. Chapter Four presents
the model verification and validation which was performed
to gain confidence in the use of the model.
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IV Model Verification and Validation

Introduction
A model becomes more useful as it becomes strona in
theory, data, and methodolagy. The confidence that one
has in a model comes directly from these strengths. The
issue of confidence building in a model can be addressed
through the steps of verification and validation.
Verification is a test or series of tests to
determine whether or not the model 1is faithful to its
conception} that is, “whether the model has been
synthesized exactly as intended” (Ref 18:70). Validation
is "a test of whether the model is an adequate
l..: representation of the elements and relationships of the
reference system ﬁhat are important to experiments planned
with the model” (Ref 18:70). Neither verification nor
validation can be seen as “stamps of approval” for the
models, but both steps are crucial to the modelinyg

process. It is through these tests that confidence is

A

gained, and the model is ultimately used.

a

TRy
SAOAS

Forrester and Senge (Ref 17) defined model testing as

as a

"the comparison of a model to empirical reality for the

,,f,-, V
ENCRERE 2 SRS

purpaose of corroborating or refuting the model” (Ref
d 17:210). In this case, empirical information may include
»
ﬁ numerical statistics, descriptive knowl edge of
E “real -system structure,"” and observed system behavior.
#
o
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Model results should “make sense"” to both the modeler and
the client.

Forrester and Senge (Ref 17) described seventeen
tests of structure and behavior suitable for system
dynamics models (see Table 4.1). Identified from these
seventeen tests was a set of ten “"core tests for system
dynamics" (Ret 17:1226). In this chapter, the core tests
of model structure and model behavior are preseﬂted.
Tests of policy implications are presented in Chapter

Five.

Tests of Model Structure
a 1. Structure Verification
a 2. Parameter Verification
a 3. Extreme Conditions
a 4. Boundary Adequacy
a 9. Dimensional Consistency
Tests of Model Behavior
a 1. Behavior Reproduction (symptom generation,
frequency generation, relative phasing,
multiple mode, behavior characteristic)
a 2. Behavior Prediction (pattern prediction, event
prediction, shifting mode prediction)
a 3. Behavior Anomaly
4. Family Member
S. Surprise Behavior
&. Extreme Policy
7. Boundary Adequancy
a B8. Behavior Sensitivity
Test of Policy Implications
i. System Improvement
a 2. Changed-Behavior
3. Boundary Adequacy
@ 4. Policy Sensitivity

a = Core Tests

Table 4.1. Confidence Building Tests (Ref 17:227)
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Tests of Model Structure

The tests of model structure "assess structure and
parameters directly without examining relationships
between structure and behavior" (Ref 17:211-212)., These
tests were per formed continuously throughout the
developement of the model.

Structure Verification. Verifying structure consists

of “comparing structure of a model directly with structure
of the real system that the model represents" (Ref
17:212). The literature review and interviews conducted
during the early stages of model development helped to
formulate the “"mental model” of the airman assignment and
rotation system. The mental model was then formalized
into a mathematical model of the system. The goals, major
assumptions, and interrelationships that were presented in
Chapter Three were discussed again with individuals
working within the system. This second round of
interviews resulted in a general acceptance of:

1. the system goals and prioritization,

2, the movement of personnel into and out of the
major levels in the Personnel Fill sector and the Rotation
sector, and

3. the calculation of dissatisfaction due to rotation
indicators and the effect of dissatisfaction on separation
rates.

The second round of interviews also resulted in a
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reformulation of:

1. bonus payment calculation,

2. effect of bonus payments on the Separation Rate
from Level 3 (SR3), and the Separation Rate from Level S
(SRS), and

3. CONUS to Overseas rate (CTOOS) and CONUS to Remote
rate (CTOREM).

All of the new formulations were presented in Chapter

Three. The bonus formulation currently reflects the SRB

system and the general guideline for awarding specific SRB
multiples. The effect of bonus payments on separation
rates now correlates closely with the data presented in
Table 3.6 and Table 3.7. CTO0OS and CTOREM currently are
functions of a one-year history of arrivals, departures,
-and shortages. The references for these formulations were
given in Chapter Three.

There was some concern that the detail of the model
structure was not sufficient to answer certain questions
that wmight be asked in relation to the airman assignment

and rotation system (Ref 8 and Ref 3I7). For example, the

model does not consider individual bases within the three
levels CONUS, 0S, and REMOTE. Specific questions

regarding the effect of changing the tour length of one

LICR AR A L4 L AL
ML b/ ST LN

remote base cannot be addressed, although the effect of

UL
SRR

PR el AL PRI b B¢ SN

changing the average tour length for all remote bases

could be addressed. General agreement was reached that
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ol the model structure does exist within the airman
assignment and rotation system. This structure was also
regarded as an appropriate one for addressing the research
problem outlined in Chapter One (Ref 23).

Parameter Verification. The parameter verification
test involves the comparison of model constants "against
observation of real life" (Ref 17:212). Some of the data
used for this test has been presented in Chapter Three.
Other data obtained from AFMPC (Ref 3 and Ref 4), AFCC
Headquarters (Ref 1 and Ref 2), and Bolling AFB (Ref 5)
was used in the model initialization (Appendix E). The
constants used for normal separation rates (NL3SR, NL7SR,
and NL9SR) were extracted from the data. Individuals at
AFMPC and Air Force Headquarters (Ref 8, Ref 49, and Ref
27) corroborated these values. In the interview, a range
that represented a considered analysis was given. The
midpoint of these ranges was selected and the sensitivity
of the model to these values is examined later in this

chapter.

Extreme Conditions. "Structure in a system dynamics

model should permit cambinations of level (state

-y
.

variables) in the system being represented" (Ref 17:213).

O NI

The extreme conditions test involves examining each rate

equation in the model. The plausibility of the resulting

NEORAACICIN

rate equation is determined when imaginary maximum or

-l

minimum values of the level variables are employed (Ref
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17:214). This test was accomplished for each rate
equation in the model. For example, consider the
following equation:

R 0OSTOC.KL=0S.K/TOQUROS

0STOC=0Overseas to Conus rate (people/year)

0S=0verseas Level (people)

TOUROS=0verseas Tour length (years)
TOUROS 1is a constant. 05 is formulated so that its value
must be greater than or equal to zero. If 05=0, then
0sSTOC=0. If OS approaches positive infinity, then 0OSTOC
also approaches positive infinity. As another example,
this test was used to reformulate the separation rate and
promotion rate equations. The SR3 equation is now!

R SR3.KL=MIN(SL3.K,NLISR#DISSAT. k#¥L3CFAC. K#LSBFAC.K)

SR3=Separation Rate from SL3 (people/year)

SL3=Skill Level 3 (people)

NL3SR=Normal Level 3 Separation Rate

DISSAt=Dissatisfaction due to Rotation Indicators

L3CFAC=Level 3 Compensation Factor

L3IBFAC=Level S Bonus Factor
Without the MIN function, it would be possible (under
extreme values of the multipliers on the right hand side
of the equation) for more people to separate from SL3 than
were initially there. Thus, to avoid getting negative
levels, the MIN function was i1sed in this manner for

separation and promotion rates.

Boundary Adegaucy. The boundary adequacy (structure)

test "asks whether or not model aggregation is appropriate

and if a model includes all relevant structure"” (Ref

132
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17:215). The purpose of this research was to provide a
dynamic policy model that could be used to study the
effects of policies and environmental changes on the
airman assignment and rotation system. Table 4.2

summarizes the levels of aggregation employed in the

model.
Entity Represented
-— Skill Levels Yes
— Individual Enlisted Grades No
—— Individual 0S Bases No
—— Overseas (Long/Shart) Yes
—— Individual CONUS Bases No
—— CONUS Rotation Base Yes
—— Volunteers/Non—-volunteers No

Table 4.2. Summary of Levels of Aggregation Used in the
Model

For the stated purpose of this research, the
structure of the system is believed to be represented at
the proper level of aggregation. Individuals at AFCC
Headquarters, where the model is intended to be eventually
used, agree that the level of aggregation is appropriate
(Ref 235). Disaggregation of the model structure would be
a simple matter by emplovying the array capability of
DYNAMO (refer to Ref 39:374-381 for an example).

Dimensional Consistency. *“The dimensional

consistency test entails dimensional analysis of a model’s

rate equations” (Ref 17:215). The dimensions of the
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variables used in each rate equation formulation were
listed as the equations were develaoped. To pass this
test, the dimensions on the right-hand side of the
equation must match the dimensions on the left—-hand side.
This test was performed and passed for each rate equation

as well as for the level and auxiliary equations.

Tests of Model Behavior

"Tests of model behavior evaluate adequacy of model
structure through analysis of behavior generated by the
structure” (Ref 17:217). The following tests of model
behavior were performed and are presented here: (1)
behavior reproduction, (2) behavior anomally, (3) surprise

A behavior, (4) extreme policy, and (5) behavior
| sensitivity.

Behavior Reproduction. Forrester and Senge (Ref 17)
discussed five types of behavior reproduction tests: (1)
symptom generation, (2) frequency generation, 3
relative phasing, (4) multiple mode, and (5) behavior
characteristic (Ref 17:217-224). The behavior reproduc-

; tion tests performed on the model that are discussed here

include symptom generation and frequency generation.

“The symptom generation test examines whether or not
a model recreates the symptoms of difficulty that
motivated construction of the model® (Ref 17:217). The

symptoms that motivated this research include:
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1. simul taneous overmanning of Skill Level 3 (SL3) and

S
o

undermanning of Skill Level 5 (S5L3),

2. "overshooting” the total manning level for a given
year following a total manning shortage in the previous
years,

3. canstant manning percentages for Overseas (0S) and
Remote (REMOTE) bases but a varying total manning
percentage for CONUS bases,

4. first—-term reenlistment rates of approximately 40%Z
and second—-term reenlistment rates. of approximately 607 to
70%, and

S. CONUS/0S imbalance that causes the Air Force
rotation objectives to not be achieved (Ref 8, Ref 25, and

L Ref 49).

The model was initialized with AFSC 306X2
(Telecommunications System and Equipment Maintenance
Specialist) FY82 data (Ref 1). The simulation was run for
fifteen years of simulation time. All of the major level
and rate variables were defined for model output so the
behavior of +the skill levels, the rotation levels (CONUS,
0S, and REMOTE), and the promotion and separation rates

could be abserved. This base run sets the Total Force

Weight (TFWT) to one and the Level 3 Weight (L3IWT) to
zero, reflecting what is believed to be the current policy

of attaining a total manning percentage that is as close

TaE7 P

as possible to 100% without regard for the overmarning of
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Skill Level 3. The rationale for this formulation was
discussed in Chapter Three, The Model. Additionally, the
AFSC is on the Unsatisfactory Rotational Index list and
the Critical Military Skills list. It has approximately a
1:1 CONUS to overseas authorization ratio with 1000 total
billets. The total force manning percentage is 97%4Z. The
skill level 3 wmanning percentage is 147%, while skill
levels S, 7, and 9 are undermanned.

Tour length for overseas (long) and remote tours are
three vyears and one year, respectively. DT, the DYNAMO
integration time interval, was chosen as 1/6 of the
shortest ¢third order delay or 0.4277 years. The inputs
for the base run initialization are contained in Appendix
E.

At the start of the simulation, there is an initial
force shortage of 20 people. This shortage is quickly
made up by increasing the Level 3 Accession Rate. Due to
the delay of this rate, the increase in the rate has the
effect of increasing the number of people in the pipeline.
By the time this bulge of people begin to arrive in skill
level 3, the total force shortage has already been
alleviated. The level 3 manning is initially 147%, which

includes 372 people in SLI and 24 people in the promotion

S pipeline. During the +first year of simulation time, a
i portion of the 6SLS shortage is made up while the level 3

2 . manning rises to 15174 of its desired value (see figure
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4.1). The total manning level rises from 981 people (20
-i* people short) at the start of the simulation to 1072
people at the end of the first year of simulation. AFCC
data showed the current (June 82) and projected (1 year
into the future) manning levels (Ref 1). The total force
manning for AFSC 306X2 goes from 97%Z to 1057 while the
skill level 3 manning goes from 1477 to 160%. This
tendency to "“overshoot" both skill level 3 manning and
total force manning seems to stem from a low estimate of
the separation rates from skill level 3 and skill level 5.
In both the model and the actual system, the historical
separation rates were higher than those that transpired in
the initial vyear. Thus, the new people accessed into the
‘E; system more than replaced those who left.

Figure 4.1 depicts the individual skill manning
levels juxtaposed with the required manning levels. The
representations of the variables and corresponding ranges
are summarized in Table 4.3. The key for these codes also
appears at the top of the DYNAMO output (see figure 4.1).
The variable ranges appear just below the key on the top
horizontal axis. Note that the required levels and actual

population levels have the same range, while the ranges

differ from one major level to another. "Time" is given

5

v v
3

~
. : T

at the left vertical axis. In figure 4.1, “time" ranges

fall

from zero to Ffifteen years. All of the output given in

this chapter and in the next chapter can be read and

-
'k
:

e -
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Figure 4.1. Base Run: Personnel Fill Sector Levels ‘




interpreted in a similar manner.

Range Variable/Symbol
200-400 SL3/7 3"
DL3I/"A"
400-600 SLS/"5"
DLS/"B"
105-145 sSL7/7"7"
pL7/"C"
0-40 SLe/s"9"
DL9/"D"

Table 4.3. Variables and Symbols for DYNAMO Skill Level
Output

From figure 4.1, it can be seen that SL3 remains
overmanned throughout the simulation; however, the amount
of overmanning varies. This variation is probably due to
two factors:

1. L3AR is the only means through which total manning
shortage can be alleviated without significantly altering
separation rates; thus, the L3AR "value" tends to open and
close relative to the total manning shortage.

2. L3AR is decreased through the economic multiplier,
PNLM (Perceived National Labor Market). In the model, the
recruiting quota is only met during slow economic years.
As mentioned in Chapter Three, experience has revealed
that this phenomenon also occurs in the airman assignment
and rotation system (Ref 8 and Ref 37).

Figure 4.2 depicts the three major levels in the
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rotation sector: (1) 0S8, (2) REMOTE, and (3) CONUS. The
symbols used to represent the levels appear at the top of
figure 4.2. After the first two years of simulation time,
the non-CONUS levels (REMOTE and 0S) settle down to fairly
constant values. CONUS has a larger initial reaction to
the total manning "overshoot" of the Personnel Fill sector
and continues to vary throughout the simulation. The
model reflects the prioritization of REMOTE and 0S tours
over CONUS tours much the same as the airman assignment
and rotation system for AFSC 306X2.

Figure 4.3 depicts the separation and promotion rates
for the four skill levels in the model. The key for the
symbols used are given at the top portion of the figure.
Table 3.6, Chapter Three, shows the retention rate data
for FYB0, FY81, and FY82-3. At the 4-year point in the
simulation, the retention rates for skill level 3 and
skill 1level S5 are 447 and 63%, respectively. This
compares favorably with the range of retention rates for
first term and second term of AFSC 306X2 as shown in Table
3.6. This behavior reproduction may indicate that the
factors chosen in the model to affect separation rates are
adequate for skill 1levels 3 and 5, the levels given the
most consideration by military manpower planners (Ref 27).

Throughout the simulation, an approximate
CONUS~-to~overseas (long and short tours) ratio of 11l is

maintained. The imbalance is maintained primarily due to
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the number of 1long overseas tours relative to the number
of CONUS tours. Since there are never more than 82 remote
tours, the number of remote tours per career does not
exceed two. However, the output does indicate, as would
be expected, that the CONUS time between involuntary
overseas and amount of time spent overseas exceeds the Air
Force abjectives. This indicates that, with no policy
changes, the AFSC would continue to remain on the
Unsatisfactory Rotation List.

The frequency-—-generation test examines the
periodicities of variables in the model. In general, the
level variables REMOTE and 0SS stabilize at a value
slightly below the desired levels, while CONUS reflects a
wave behavior with peaks five to six years apart (see
figure 4.2). These trends "make sense” in that the
overseas assignments need to have a consistent level of
manpower, particularly in a Critical Military Skills AFSC
such as 3I06X2. CONUS can "absorb" gains or losses in
manning levels more easily than 0S or REMOTE.

The wave nature of SL3, in comparison to the fairly
consistent level of SLS, SL7, and SL9, can be seen in
figure 4.1. As in the reference system (airman assignment
and rotation system), the SL3 level in the model is more
subject to national econaomic variations and manning level
shortages than are the other skill levels. SLS, SL7, and

SL? maintain at a level slightly below the desired levels,
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with manning percentages of approximately 904, 77%Z, and
50%Z, respectively. The model’s manning percentges for SL9
is slightly low, but the long-term percentages for SLS and
SL7 coapare favorably with expected pecentages (Ref 25).

Behavior Anomally. The behavior anomally tests used

extensively in the reformulation of rates during model
devel opment. The CTOOS and CTOREM rates originally
considered only the current shortage. This resulted in an
overreaction to initial shortages that was not
characteristic of the reference system. Both rates were
reformulated to be a function of historical and current
shortages and historical rates of rotation back to CONUS.
The L3AR rate did not originally account for the
separation rate and promotion rate from SL3. Over the
long~term, too few people were supplied to SL3. To more
accurately reflect the behavior of the reference system,
historical 1loss rates from SL3 were used in conjunction
with shortages.

Surprise Behaviar. The amount of "overshoot"” in the

total manning level during the first two vyears of
simulation was not an expected result. A review of the
data revealed the tendency to “"overshoot"™ the total
manning percentage for AFSC 306X2 as well as three of the
AFCC imbalanced AFSCs. The causes for this overshoot were
hypothesized earlier in this chapter. Those causes are

believed to be the same in both the model and the
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reference system.

Extreme Policy. "The extreme—-policy test involves

altering a policy statement (rate equation) in an extreme
way and running the model to determine dynamic
cansequences” (Ref 17:221). The model was developed so
that this test could be performed using the previously
explained DYNAMO RERUN option. The extreme—policy tests
performed involved altering nine tables (refer to Appendix
B for a sample of the re-run files used for these tests).
Five different policies that were tested under extreme
conditions are now presented.

Case 1. To investigate the reaction of the madel to
extreme effects due to national economy, the table for the
Technical School Multiplier (TSCHM) was altered. TSCHM,
the fraction of total desired recruits that could be
obtained, varies from a value of 1 during low points cof
the economy to a value of 0.8 during high points of the
economy. A change in the formulation of TSCHM will cause
a change in L3AR, since the L3AR is the product of TSCHM
and TEMPRT (the desired recruiting total). The Technical
School Multiplier Table (TSCHMT) was reformulated with
four different ranges of values:

1. all values of 1,
2. 1 to 0.5,
3. all values of 0.5, and

4. 1 to O.1.




The output reporting the CONUS, REMOTE, and 0OS levels
is shown in figures 4.4 to 4.7. 1f the econamy had no
effect on the L3AR (all values of 1), REMOTE and O0S would
be the same as in the base run, whereas CONUS reaches a
value that 1is roughly the mean of the values of CONUS in
the base run (see figure 4.4). With a variation in TSCHM
of 1 to 0.5, REMOTE and 0S are still roughly the same as
in the base run, while CONUS has a larger amplitude than
in the base run (see figure 4.5). With all TSCHM value of
0.5, REMOTE and 0S reach their usual values, while CONUS
drops to 70 people below its starting value (see figure
4.46). Finally, an extremely wide variation in the efects
of the economy on recruiting (TSCHM values from 1 to 0.1)
ﬂf: causes CONUS to vary with a large amplitude but has no
- effect on REMOTE and 0S (see figure 4.7). In the
. Personnel Fill sector, most of the varying effects of
these table reformulations were absorbed by SL3. The
model reacts to these extreme changes as one would expect
the reference system to react.

Case 2. Separation rates from SL3 and SLS are, in
.- part, functions of the Perceived Need to Pay Bonuses

(PNTPB). PNTPB is the product of the two factors PNTPB1

and PNTPB2, which were defined in Chapter Three. The
factor PNTPB1 is a function of the SLS manning percentage.
The Ffactor PNTPB2 is a "pressure" variable based on the

assumption that as the cost of operating the airman
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assignment and rotation system goes up, the pressure to

' increase bonus payments goes down (see figure 4.8).
; COSTAB, the table used in the formulation of PNTPB2, was
3 modified to reflect two situations:
1. regardless of system cost, there is no pressure to
decrease the bonuses paid- and
2. regardless of system cost, there is significant
pressure to decrease the bonuses paid.
”’,,——“—“‘~s\\\$ A
COST OF PNTPB2
OPERATIONS
a. Figure 4.8. Linkage Relating System Cost to PNTPB2

Situation 1 in the preceeding paragraph is modeled by
setting all of the table values in COSTAB to 1. Situation
2 is modeled by setting all of the values in COSTAB to
0.5. In the base run of the model, the value of PNTPB2
ranged from 0.75 to 0.80. Consequently, the outside
pressure to decrease bonus payments was fairly low (a
value of 1 1is interpreted as no pressure) under the
original formulation of COSTAB, as was intended.

Under both situation 1 and situation 2, the model
results are very similar to the results of the base run.
There are very minor differences in the separation rates

from SL3 and SLS and consequently only minor differences
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in the levels. The reason for these similar results lies
in the formulation of PNTPB2. PNTPBL remains low
throughout the simulation. Under situation 1, the value
of PNTPB1 is used as the value for PNTPB. However, the
increased value of PNTPB remains fairly low and generates
only slightly more bonus payments than under the base run.
Under situation 2, slightly less bonus payments are
generated.

With more critial manning shortages or with a
reformulation of PNTPB1, the extreme policies of this case
would have more effect. However, the current policy for
PNTPB1 is to consider 90%Z manning of SLS to be adequate
(and therefore worthy of only smsall bonus payments).
Under this policy for PNTPBi, the extreme policies applied
in this case to PNTPB2 have little effect. Under these
circumstances, the reference system would be expected to
behave similarly.

Case 3. In another extreme-policy test, the model
was exercised under the following set of assumptions:

1. the effect of the baonus payments on separation
rates (SR3 and SRS) is:
a. more extreme than originally hypothesized, or
b. less extreme than originally hypothesized.
2. regardless of manning considerations or cost
considerations, either:

a. no bonuses will be paid, or
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b. the maximum bonus will be paid.

Under assumption 1-a, individuals in the system would
react very strongly to the level of bonuses being paid.
Under assumption 1-b, the level of bonuses paid would have
no effect on the separation rates. To represent these two
situations, the Level S5 Bonus Factor Table (LSBFT) was
reformulated to range from 2 down to 0.2 under assumption
1-a, and to contain all values of 1 under assumption 1-b.
Figures 4.9, 4.10, and 4.11 depict the output under
assumption 11-a, From figure 4.9, the retention rate for
SL3 can be computed to be approximately 374 at the 10-year
point, whereas the retention rate in the base run at the
same point in time was approximately 44%Z. SLS retention
rates decrease to a lesser degree under assumption i-a.
As a result of the higher loss-rates, the Level 3
Accession Rate (L3AR) increases by about 150%. This leads
to greater amplitudes in both the SL3 population (see
figure 4.10) and the CONUS population (see figure 4.11).
This phenaomenon of "higher peaks”™ and “"lower valleys” is
characteristic of personnel systems with high
turnover-rates (Ref 435). Situation 1-b resulted in very
little change in the model results. The base case
represents only a small, incremental increase in bonus
payments relative to situation 1-b. This incremental
policy change has little effect on model results. In both

situation 1-a and 1-b, the model seems to react as the
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o system would under similar situations.

Under assumption 2-a, 1individuals are paid no
bonuses. The model results under this assumption are very
similar to the wmodel results under the base case. This
similarity is due to the low level of bonuses being paid
in the base run of the model. Under assumption 2-b,
individuals are paid the maximum bonus regardless of the
situation. Consequently, the separation rates decrease
and the population 1levels "smooth out", as would be
expected. The value of L3AR is much less than in the base
case, causing the turnover-rate of personnel to lessen.
Figure 4.12 shows the resulting decrease in SR3 and SRS,

while figures 4.13 and 4.14 depict the smaller amplitude

in the population levels SL3 and CONUS, respectively.

.
b RIF LIS

Again, the model reacts as one would expect the reference

APttt bt
L ".

system to react.
Case 4. The separation rates from each skill level

in the Personnel Fill sector is, in part, a function of

the reaction of personnel to the level of pay and
compensation. The hypothesized reaction to varying levels
of pay and compensation for a given skill level is modeled
through the use of a table function for each skill level.
For example, the Level 3 Compensation Factor (L3CFAC) is
obtained through a table (L3CTAB) and is a function of the
Level 3 Cost Per Man (L3CPM). There is a similar

compensation—-factor variable for each skill level.
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The extreme-policy tests used to test the effects of
unexpected or unusual formulations of the above
compensation factors examined three situations:

1. compensation has no effect on separation rates,

regardless of the compensation level (all table values set

to 1),

2. comr.:~ ation has a pronounced, positive effect on
separation . .11 table values set to 0.5, and

3. cre.sat «txon has a pronounced, negative effect on

separat.cn rate< (all table values set to 2).

The model was run under each of the above
assumptions. Under assumption 1, the effects due to
compensation were neutralized. The results indicate a

significantly higher retention rate and consequently a
larger number of people retained in each skill level (see
figures 4.15 and 4.16). This more stable force in the
Personnel Fill sector naturally results in a more stable
rotation base (the CONUS 1level) in the Rotation sector
(see figure 4.17). The percentage manning at SLS is
greater than it was in the base run. Thus, the
overmanning at 6SL3 is not as great as it was in the base
run. Under assumption 2, the model results indicate
a fairly stable farce. Under assumption 3, the force
tends to be very unstable. Figures 4.18 and 4.19 depict
the levels of the Rotation sector under assumptions 2 and

3, respectively. As one would expect, separation rates

161
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decrease significantly under assumption 2, consequently
removing much of the variation in the CONUS rotation base.
Significant increases in separation rates occur under
assumption 3, causing instability in the CONUS rotation
base.

Case 5. A final example of an extreme—policy test
involves the three rotation tables: NRTTAB, ROSTAB, and
CTBTAB. These three tables are used in obtaining factors
for the rotation indicators mentioned previously in
Chapter One and Chapter Three. The praoduct of these three
factors forms the variable DISSAT, which in turn affects
the separation rates for the skill levels. To represent
more negative effects of rotational indicators, the above
table values were all set to 2. Under the improved—effect
formulation, the model results in a stable rotation base
{(see figure 4.20). An unstable rotation base results
under the negative-effect formulation (see figure 4.21).
Under each of these extreme effects, the model behavior is
quite realistic.

Behavior Sensitivity. Model parameters can be

adjusted to examine the sensitivity of model behavior to
the changes. The behavior-sensitivity test is performed
by changing the values of many constants in the model. In
general, the basic goal-seeking behavior of the maodel is
not altered, even though the manner in which that behavior

progresses does change. For example, fiqure 4,22
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illustrates the Rotation sector levels under increased
required levels of 0SS and REMOTE. Personnel are drawn
from the CONUS level to increase the REMOTE and 0S levels.

Simultaneously, the increase in dissatisfaction due to

rotation causes continued instability in the CONUS level.

When the desired levels of 0S and REMOTE are decreased

s s

with no change in the total personnel in the AFSC, the QS

)
-

and REMOTE levels decline to slightly below their new

required values, while the CONUS level becomes much larger
than in the base run (see figure 4.23). Additionally, the
decrease in dissatisfaction due to rotation results in

more stability in the CONUS rotation base.

Summary

Chapter Four has described confidence—building tests
for system dynamics models and how they were applied to
the model of the airman assignment and rotation system.
Specifically, five tests of model structure and six tests
of model behovior were successfully accomplished. Shannon
(Ref 43) stated that we need to be “"concerned with the
internal consistency of the model, its correspondence with
the real system, and the correct interpretation of the

resulting data" (Ref 43:210). The concern of this chapter

has been with the first two issues: internal caonsistency
(verification) and correspondence of the model to the real

system (validation). Chapter Five is concerned with the

TV T,

i A o
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o correct interpretation of the model results. Included in

the next chapter are tests of policy implications and

et

VY )

examples of policy experimentation.
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V Policy Experimentation

Intraduction
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Policy analysis can only proceed under the assumption
that wuseful policy models can be develdped and validated
with respect to the assumptions upon which their
development was based (Ref 28:13). The issues of model
verification and validatioun were addressed in Chapter Four
to build confidence in the model’s implications. This
chapter will focus on two areas that explicitly examine
policy changes:

1. changed-behavior-prediction tests, and
2. policy-sensitivity tests.

Baoth of the above are tests of policy implications that

were presented by Forrester and Senge (Ref 17:224-226).

Tests of Policy Implications

Policy implementation tests are the third broad

category of confidence building tests (see Table 4.1).

"Policy implication tests attempt to verify that response

e

-

0
-
"y
hl
-

of a real system to a policy change would correspond to

I
IS
»

the response predicted by a model" (Ref 17:224). There
is, of course, some degree of overlap between the tests of
model behavior presented in Chapter Four and the tests of
policy implications presented here.

The testing in this area was not as extensive as in
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;:; V Policy Experimentation

Intraduction

Policy analysis can only proceed under the assumption
that useful policy models can be developed and validated |
with respect to the assumptions upon which their
development was based (Ref 28:13). The issues of model
verification and validation were addressed in Chapter Four
to build confidence in the model’s implications. This
chapter will focus on two areas that explicitly examine
policy changes:

1. changed—-behavior—-prediction tests, and
2. policy-sensitivity tests.
Both of the above are ;ests of policy implications that

were presented by Forrester and Senge (Ref 17:224-226).

Tests of Policy Implications

Policy implementation tests are the third broad

"Policy implication tests attempt to verify that response
of a real system to a policy change would correspond to

Eg category of confidence building tests (see Table 4.1).
2
% the response predicted by a model” (Ref 17:224). There

is, of course, some degree of overlap between the tests of J
model behavior presented in Chapter Four and the tests of |

policy implications presented here.

The testing in this area was not as extensive as in
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the areas of model structure and model behavior. The
changed-behavior-prediction test and policy-sensitivity
test are now presented.

Changed-Behavior-Prediction Test. The changed-

behavior-prediction test examines the plausibility of
model results if a governing policy is changed. Anather
faorm of this test involves examining the “response of a
model to policies which have been pursued in the real
system to see if the model responds to a policy change as
the real system responded” (Ref 17:2235). Several examples
aof this test using the plausibility method of assessment
will be presented.

In the formulation of this model, the system goals
were enumerated and listed in order of priority. A
consensus on this sequencing was reached by individuals
warking within the system. It was agreed that the total
manning percentage recieved more importance than
individual skill level manning percentages, even though
the two goals are very difficult to separate. To allow
flexibility in altering this priority listing, a set of
relative weights was incorporated into the structure.
This admittedly simple scheme allows the user to place
less emphasis on managing by the Total Force Shortage
(TFS) than was the case for the base run.

In the base run, the Total Force Weight (TFWT) was

set to one and the Level 3 Weight (L3WT) was set to zero.
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Two policies were tested using an alternative formulation

oy
v

of these weights:

O X
¢

1. equal emphasis was placed on the Level 3 Shortage

ITES

(L3SHRT) and the Total Force Shortage (TFS), and

2. TFS shortage was ignored while the emphasis was
placed on L3SHRT (L3WT=1 and TFWT=0).

Under the first situation, the two weights were both
set to 0.5. As one would expect, the SL3 draws down to a
lower level of manning than in the base run (see figure
S.1). Due to the lower value of 6.3, there is a shortage
in the total force. The population of SLS stays at
approximately 90. of its desired value, since bonuses are
paid if it drops very far below that level. A somewhat
p unexpected result is the greater oscillatian in SL3. This

result is plausible, however, since the TFS becomes large

relative to the TFS in the base run, especially during
years in which the economy is good. Consequently, a
relatively large number of new SL3 people must be brought
in when the economy is poor. This cycle results in
force—instability that carries over into the CONUS level
(rotation base) of the Rotation sector (see figure S5.2).
Figures 5.3 and 5.4 depict the model results when the
AFSC is managed entirely through the shortage in Level 3.
SL3 falls far below the Desired Level 3 (DL3) before
building again (see figure 5.3). The delay in obtaining

. SL3 personnel causes the lag in correcting for the SL3
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manning deficiency. The SL3 "draw-down” also results in
the sventual lowering of SLS and SL7. This result seems
reasonable since the Separation Rate from Level 3 (SR3) is
such that a large SL3 population is required to maintain
an adequate population in the higher skill levels. Even
though more bonus payments are generated, the separation
rates do not improve enough to prevent the depletion of
the higher skill levels. In the Rotation sector, the
CONUS 1level absorbs the loss to the AFSC (see figure 5.4).
Given the policy changes, the model results appear to be
credible and explainable. Of course, if more emphasis
were actually given to skill level shortages, there would
need to be weights for each skill level shortage.
Additionally, a different bonus policy would probably be
implemented to reflect the altered system goals. However,
under the current model structure, the model responds in a
plausible manner.

Another example of the changed-behavior-prediction
test is similar in nature to one of the extreme-policy
tests of Chapter Four, in which the REMOTE and 0S levels
were altered. A subset of that test doubled all of the
desired skill levels without altering the REMOTE and OS
lavels. To represent a more realistic policy change, the
desired skill levels were increased slightly. Figure 5.5
shows the results of population levels in the skill levels

in the Personnel Fill sector. SLS increases and remains
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high throughout much of the simulation. SL3 initially
increases quite drastically to make up the shortage in
total manning due to the additive increases in the desired
values for each skill level. Because of the delay in
acquiring SL3 personnel, an "overshoot” occurs at
approximately 2 vyears of simulation time. Consequently,
SL3 declines to correct for the overage in the total
force. However, once the system stabilizes, the increased
number of people leads to a decrease in dissatisfaction
due to rotation indicators. The CONUS population
therefore becomes more stable in the later years of the
simulation (see figure 35.6). Again, the results are
credible under the current model structure.

A last example of the changed-behavior-prediction
test arises from a potential change in the number of
remote authorizations relative to the number of overseas
{(long tour) authorizations. Currently, all of the AFSCs
examined in this research have a relatively small nusber
of remote authorizations. For example, AFSC 3I06X2
currently (October 1982) has 81 remote authorizations and
429 overseas authorizations. A change in aission or
equipment may alter this relationship (Ref 25). To
reflect such a change, the number of remote authorizations
was set to a value of 200, while the number of oversesas
authorizations was set to 37S5. Since the increase in

remote authorizations is greater +ha the decrease in
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Figure S.6. Increased Desired Number in Skill Levels:
Rotation Levels
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overseas autharizations, the difference must come from
CONUS. (This assumes that no new 306X2 authorizations are
made; the 1lost CONUS jobs can be filled by civilian
workers.)

As one would expect, the increase in remote
assignments causes an increase in the number of remote
tours per career as well as a decrease in the amount of
time spent in the CONUS between overseas or remote tours.
Thus, the dissatisfaction due to rotation increases and
causes a highef turnover in the force. The oscillation in
SL3 becomes quite pronounced. SLS, SL.7, and SL9 decrease
more rapidly and SL3 reaches a very high level of
over—manning (see figure S5.7). The high degree of
instability that results in the CONUS 1level of the
Rotation sector is not unexpected (see figure 5.9). More
bonuses are paid, but the subsequent increase in retention
rates is not enough to counteract the problems that arise
from the increased rotation imbalance.

The results of each of the above changed-behavior-
prediction tests were assessed in terms of their
plausibility. After examining the cause and effect
relationships of each problem and assessing the expected
effect of the policy change on the reference system, each
experimental result was determined‘to be plausible.

Policy-Sensitivity Iggg. One factor involved in the

payment of bonuses is PNTPB1, originally formulated as a
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function of the SLS manning percentage. An alternative

policy formulation would be to base bonuses on a one-year

Rt ML
J""%‘
28 a

.4

.
Ay 3

history of reenlistment rates (Ref 49 and Ref 27). This
policy can be obtained from the OSD criteria for bonus
awards outlined in Table 3.S. This alternative
formulation involves the use of the following equations:

A KEEP.K=SMOOTH(L3LSPR. JK, 1) /SMOOTH (SR3. JK+
L3LSPR. JK, 1)

N KEEP=.792

A PNTPB1.K=TABLE (LSBPTB,KEEP.K,0,1, .29

T LSBPTB=1/.8/.4..4/0/0

KEEP=Keep rate for SL3

L3LSPR=Level 3 to Level S Promotion Rate
SR3=Separation Rate from Level 3
PNTPBi=Perceived Need to Pay Bonuses, Factor 1
LSBPTB=Level 5 Bonus Paid Table

This formulation was added ta the model and simulated
for 1S vyears. The model was rerun with the values of
PNTPB2 ("pressure” factor due to cost) set to 1. Table
S.1 summarizes the resulting SRB multipliers for various
KEEP rate values under this formulation for bonus
paymonts. As with the original formulation based on SLS

manning percentages, the values were obtained through

; interviews (Ref 49 and Ref 27).

% Figure 5.9 depicts the levels of the Rotation sector
5 under the KEEP-rate formulation. The results are very
1i similar to the base run of the model. Figure 5.10 shows a
3 nearly identical pattern for the KEEP-rate formulation
g under an assumption of a neutral pressure—-factor due to
E cost (values of PNTPB2 set to 1). There is a small
&
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Keep—Rate Formulation with Neutral Pressure
Factor

Figure 5.10.
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increase in bonuses paid and, therefore, minor changes in
the CONUS level. The actual recommendation for bonuses
paid is based on both the KEEP rate and the manning
levels, as well as other inputs (Ref 49 and Ref 27). The

above test indicates a high degree of robustness of model

behavior with respect ¢to the formulation for bonus
payments.
KEEP RATE RESUL. TING
as a SRB
Percentage Multiplier
0 4
20 3
40 1
&0 1
80 o
100 o

Table S.1. SRB Multipliers under the Keep Rate
Formulation for Bonuses

- Summary
The purpose of this chapter on policy experimentation
was two—fold. First, the value of the model as a policy
analysis tool was demonstrated through the presentation of
several policy tests. Second, one potential
"high-leverage” policy was identified and its results
demonstrated. This policy, described above, involved an

increase in desired skill levels and a subsequent increase

in the total manning level as well as the CONUS level.
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- £;3 More stability and less turnover were the obvious
R benefits. The decrease in dissatisfaction due to rotation
S was  an implicit  advantage. This policy is a

% “high—-leverage” policy in the sense that it can help to
o reduce the problems which are present in the imbalanced
AFSCs. Although there are probably other “high-leverage"
policies that could be found, there are also a number of
“low—leverage" policies that either do not correct the
problems of the system or lead to an accentuation of the
praoblem. Some of these “low-leverage" policies were
identified and presented earlier.

Chapter Six presents a summary of the research
effort, makes recommendations for further work in this

area, and offers the conclusions of this research effort.
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VIl Summary, Conclusions, and Recommendations

The primary research objective was to develop a
dynamic policy model that could be used to evaluate
alternative policies for the airman assignaent and
rotation system. This chapter will summarize the major
accomplishments of this effort with respect to the stated
objectives, give recommendations for extended research,

and present the conclusions of this research effort.

Summary and Conclusions

S8ix intermediate research objectives were outlined in
Chapter One. These objectives included a review of
manpower planning models, a conceptualization aof the
internal and external environment of the airman assignment
and rotation system, the development of a formal policy

model , verification and validation of the model, a

demonstration of the use of the model as a policy analysis
tool, and the identification of a policy that leads to
improved behavior of the airman assignment and rotation
system. Each of these areas will be addressed briefly and
summarized.

Manpower Planning Models. In the literature relating

to manpower planning models, three approaches dominate:
(1) 4fractional-flow "Markov" modeling, (2) "isomorphic"

simulation modeling, and (3) system dynamics modeling.

193

- e e - c L e e e - - = . . PN Cat ettt
P e L . . . . TN, e T T T . . . N s el T o
PRSI . . DA D) i . " . LR ; R ~ LR . s a2 ot




[,.'-.‘."’:I?, PRI Sl

CRUEIAI SN S " g s AN I A R o S St Rt Bt PGt B

v T

y LN -~ -
D S S v N A A N T T S T R N A T T

Markov modeling generally involves the computation of
"optimal” flow rates and the use of static transition
praobabilities. Isomorphic modeling attempts to create a
one—to—-one correspondence between entities in the model
and the reference system being modeled. System dynamics

models are homomorphic, continuous, and prescriptive. The

system dynamics approach employs a “"wholeness of
perspective” and cancentrates on problems within
closed—-1loop feedback systems. The system dynamics

methodology was used for the development of the policy

model of the airman assignment and rotation system.

Conceptualization. The goals of the airman
assignment and rotation system were enumerated and
prioritized. The highest system goal was determined to be

the maximization of the total manning percentage (up to
10072 manning). Although dissatisfaction due to rotation
indicators did seem to be a consideration, other goals
took precedence. The goals of the system were divided
into three major sectors: (1) Personnel Fill, (2}
Rotation, and (3) Manpower Authorization. The Manpower
Authorization sector was assumed to be exogenous to the
assignment and rotation process, since manpower
requiresents are generated through changes and
requirements in the mission or the equipment being used.
The components of the Personnel Fill Sector interact

with other components of the Personnel Fill sector and
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with some components of the Rotation sector. The major
levels within the Personnel Fill sector are the people in
skill levels. Personnel enter the system at a low skill
level, can depart the system from any skill level, and can
progress through the system by flowing from one skill to
the next. Factors affecting these rates of flow include
the 1level of pay and compensation, the amount of bonuses
paid, the 1level of dissatisfaction due to rotation
indicators, and the perceived national labor market.

The major levels of the Rotation sector are the CONUS

population, the overseas (long tour) population, and the

remote (short tour) population. This level of aggregation
allowed for basic trend analysis with respect to these
major levels and the rates of flow from level to level.
From this sector, the dissatisfaction due to rotation and
the cost due to the frequency of PCS moves are computed.
The values of these components affected the computation of
components within the Personnel Fill sector.

The Formal Model. In formalizing the model, a

structure was developed to capture many "intangible”
system components. DYNAMO TABLE functions were used
extensively for this process. The effect on separation
due to bonus payments, level of pay, and rotational
indicators is an important part of the system. These
effacts were not incorporated in previously developed

rotation models that used Markov modeling or isomorphic

Trrrd&T e la L
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modeling techniques. Interviews with personnel within the
system and data analysis of retention factors found in the
literature were the main tools employed in the formulation
of these relationships. Management concepts that
incorporated historical 1loss rates, historical shortages,
and pipeline values {(personnel who have been assigned but
have not vyet arrived) were implemented in the formal
model .

Verification and Validation. The formal,

mathematical model was written in the DYNAMO computer

simulation 1anguage. The model was subjected to numerous
structural verification tests throughout its development.
Specifically, each of the five tests of model structure

proposed by Forrester and Senge (Ref 17) were successfully

E atcomplished. These tests are intended to aid in building

confidence in the model. Model validation consisted of
performing more confidence-building tests. Six of the
eight tests of model behavior proposed by Forrester and
Senge (Ref 17) were successfully accomplished. The
behavior of the model replicated the general behavior of
the airman assignment and rotation systeam. Data from AFSC
306X2, one of the imbalanced AFSCs within AQir Foarce
Communications Command (AFCC), was used to formulate the
model input. The investigation into the model’s ability
to react to potential system changes and to "extreme"

conditions indicated that the model was valid in the sense
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that it reproduced expected system behavior for the values

of the input variables chosen.

A D

Policy Tests. Implementation of the model involves

e

the testing of alternative policy formulations. Policy
tests presented in this report included increases,
decreases, and redistribution of required manning levels.
The changed behavior that resulted from the alternate
policy formulations was compared to the expected response
of the system. The changed model behavior was determined
to be plausible by tracing through the cause-and-effect
relationships involved in the response to the altered
policies.

) There are three distinctive conclusions that can be

!ak drawn from the policy implementation tests:

1. system behavior is fairly insensitive to small
changes in bonus payments,

2. system behavior improves when the number of
people in the skill levels is increased with no change in
the overseas and remote requirements, and

3. system behavior worsens when the required
overseas and remote levels are increased with no change in
the skill level populations.

These results imply that a "high-leverage" policy should
involve increasing the CONUS rotation base. The model
results indicate that even small increases (on the order

af 152 to 25%) in the rotation base will result in lower
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turnover rates which in turn lead to a more stable CONUS
population level, a decrease in the dissatisfaction due to

rotation, and a decrease in the frequency of PCS moves.

Recommendations

This research effort concentrated on building a sound
and verifiable model structure and incorporating that

structure into a dynamic policy model of the airman

3 assignment and rotation system. The feedback structures
s centered around relationships found within the imbalanced
5

5 AFSCs within AFCC. Policy experimentation involves

primarily one AFSC at a time. Six areas in which

ﬁ exter~ion of this research would be useful have been

. identified and are now presented.
Family Behavior. The family—-member test of model
behavior (refer to Table 4.1) can be performed for

extended analysis of the airman assignment and rotation
system. The input data for the validation and policy
tests were taken from AFSC 306X2. This AFSC is a member
of the class of imbalanced AFSCs within AFCC (see Appendix
A). The model should take on the characteristics of

different members of the class of imbalanced AFSCs when

the palicies are adapted to known decision—-making

differences between the members. In addition, the
family—-member test could be expanded to include imbalanced

AFSCs in other than electronics or communications career
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fields. Special care would be needed to incorporate any
inherent differences.

Expanded Bonus Formulations. The 0SD criteria for

bonus payments were general and multi-faceted. The
current form of the model bases bonus payments on the
manning percentage of skill level S. An alternative
formulation was tested that based bonus payments on the
retention rate for skill level 3. In both formulations, a
"pressure" factor based on total system cost could modify

the bonus level paid. In the reference system being

madeled, the above factors in addition to other
information are employed in the decision process of paying
bonuses. A more complicated formulation for the level of

~ bonuses paid would be necessary to capture the full
dimensions of system behavior.

The base run of the mod=l was fairly insensitive to
the bonus formulation, since the model operated with low
values of bonuses paid (just as the reference system
operates). A more complex formulation of the process of
paying bonuses would be necessary if, for example,
policies were tested that caused extreme instability in

the AFSC after some large increase in the desired manning

levels. In such a case, the shortage in skill level 5
< might be very large, but bonuses normally would not be
paid since the retention rates would still be acceptable.

Some combination of the above factors in addition to other

ONTM -+ A

v v
avs

L

199




..
PP A tet atatL

Y e T SR R N T VR Y LA
LI TRt « Tel e et Tl e

information would more easily handle these "special”

situations.

Data Analysis Relating Rotation to Retention Rates.

Model results were quite sensitive to changes in the
formulation of dissatisfaction due to rotational
indicators and to the effect of dissatisfaction on the
separation rates in the Personnel Fill sector. This
indicates that more firm relationships need to be
established between the negative effects of rotation and
separation rates for first-term and second-term enlisted
personnel in the imbalanced AFSCs. This step aof data
gathering and analysis was “postponed” during model
development so that the sensitivity of model results to
dissatisfaction (due +to rotation) could be investigated.
The model is more sensitive in this area than in the bonus
formulation, s0 further work should be sequenced
accordingly.

Inclusion of Dynamic Manpower Authorizations. The

Manpower Authorization sector was assumed to be constant
throughout the initial development of the model. A mare
accurate approach would assume that manpower
authorizations were exogenous to the Personnel Fill and
Rotation sectors, but not necessarily constant. The
formulation of manpower authorization as a function of
time would allow for the testing of policies that involved

the introduction of some new equipment or a new mission at
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- some given point in time. This was done (to a small
degree) by changing initial input wvalues, but TABLE
functions for desired manning levels versus time would
allow for more thorough and realistic policy
experimentation along these lines.

Validation. The family-member test is only one
aspect of extended validation that is needed to continue

building confidence in the model if wider ranges of policy

experimentation are desired. Other tests of model
beﬁavior that should be per formed include
boundary-adequancy tests and more thorough
behavior-prediction and behavior-reproduction tests. "The

boundary adequancy (behavior) test considers whether or
) ot a model includes the structure necessary to address
the 1issues for which it was designed" (Ref 17:222). To
perform this test, additional structure would need to be
conceptualized and the analysis of model behavior with and
without the additional model structure would be examined.

More thorough testing of behavior reproduction and

prediction would involve analyzing potential behaviorial
aspects not yet tested.

Implementation. The system improvement test (Ref

M SO U o o
o A O
o to- PR RIS T B

17:224) is the ultimate policy test for a model. Once a

DY
[

model has led to the improvement of a system, the degree

AR

of confidence in using the model is very high and many

O ¥

movre areas of model use are identified. This model was
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developed with the eventual implementation at AFCC
Headquarters as a goal. As Forrester and Senge stated,
"the ultimate test of a system dynamics model lies in
identifying policies that lead to improved performance of
the real system" (Ref 17:224). This research represents
the 1initial step toward the achievement of this ultimate
goal and initial results indicate a potential policy that
should lead to an improvement in the behavior of the

airman assignment and rotation system. The recommended

areas for extended research represent steps that can allow
the model to be used for various types of policy analysis

within the rotation system.

Conclusion

The objective of this research was accomplished. A
dynamic policy model representative of the airman
assignment and rotation system was develped, inital
verification and validation of the model was performed,
the model was employed to evaluate several hypothetical

policy formulations, and a high-leverage policy that

:I consists of expanding the rotation base was identified.

The resuluvs of this research can be directly applied. In

addition, the model can aid the policy maker in
understanding the complex, feedback structure of the
system, and the effect of various policy formulations on

that systenm. The model can be employed to assist the
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‘; policy maker in the evaluation of proposed policy changes.
Recommendations for extended areas of research have been
given. These recommendations are merely guidelines for
further model use that will increase the utility of the
model and the understanding of the airman assignment and
rotation system. Additional areas for extended research
may arise through the use of the maodel as a tool for

policy analysis.
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Appendix A: Description of Imbalanced AFSCs

The purpose of ¢this supplement is to provide a
description of the imbalanced AFSCs within Air Force
Commur.ications Command (AFCC). The titles of the AFSCs
were given in Chapter One. The duties and
responsibilities are taken primarily from skill level S.
The skill 1level number is the fourth digit in the AFSC.
An  "X" will be substituted for the skill level number to
denote a fairly general description. Skill levels 7 and 9
involve a greater amount of supervisory work than skill
levels 3 and &. All of the descriptions were obtained

from AFR 39-1 (Ref 7).

293X3: 6Ground Radio Operator

Personnel operate radio transmitting and receiving
equipment in ground radio stations to conduct
point—-to—point and ground-air—-ground communications.
Duties include (1) tuning receivers to prescribed
frequencies and/or desired signals, (2) changing
transmitter frequencies and making frequency measurements,
3) making adjustments on command and control
communications equipment, and (4) reporting operational
deficiencies and signal interference suspected to be from
other than natural causes. Other responsibilities involve

copying transmissions from aircraft and ground stations,
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encoding and decoding classified messages, and maintaining
continuous watch on designated frequencies. The related

DoD Occupational Subgroup is 201.

304X0: Wideband Communications Equipment Specialist

Personnel install, repair, maodify, maintain, and
operate fixed, mobile, and transportable wideband
communications systems, including trapospheric scatter and
line—of—-sight radio, analog and digital multiplex,
signaling and termination equipment, intrusion detection
systems, and associated test equipment. Duties include
tuning, +esting, operating, and adjusting equipment.
Other responsibilities involve: (1) inspection of tubes,

-, connecting plugs, circuit wiring, and solid state and
’ N detection devices; (2) 1isolation of malfunctions and
replacement of faulty electronic parts; and (3) inspection
of all equipment to determine operational status. The

related DoD Occupational Subgroup is 101.

304X6: Space Communications Systems Equipment Operator/
Specialist

Personnel analyze data to determine spacecra+ft

communications transponder operational readiness. Duties
include: (1) calculation of timing and orbital parameters
for communications spacecraft acquisition and tracking,
(2) establishment of a communications 1link with the

distant earth terminal via the communications spacecraft,




.....................

(3) operating the earth terminal control console and
monitoring the systems perfaormance indicators, (4)
performing detailed repair and modification of earth
terminal operational directives. The related DoD
Occupational Subgroup is 101.

306X1: Electronic—Mechanical Communications and
Cryptographic Equipment Systems Specialist

Personnel install, meintain, inspect, repair, modify

and safeguard electronic—-mechanical communications and

cryptographic equipment. Persoi.nel must perform
operational tests on equipment using oscilloscopes,
mul timeter, finely calibrated scales, gauges,

stroboscopes, and other electrical and mechanical testing
devices. Equipment is set for correct mode, rate, type of
signal, and cryptologic function. Safeguarding duties
include performing TEMPEST inspections, amending
cryptographic equipment, and transporting and destroying
cryptographic equipment and materials as authorized. The

related DoD Occupational Subgroup is 160.

306X2: Telecommunications Systems/Equipment Maintenance

Specialist

Personnel install, inspect, test, and maintain

electronically and mechanically operated communications
systems systems/equipment. Personnel must perform
operational tests, observe equipment functioning, and make

required adjustments for proper operation. Other duties
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include performing preventive maintenance inspections,
cleaning and lubricating parts, and bench checking and
repairing | electronically—-mechanically operated
telecommunications systems and equipment, crypto devices,
and associated communication equipment. The related DoD

Occupational Subgroup is 160.

307X0: Telecommunications Systems Control Sgecialist

Personnel monitor and analyze performance of
telecommunications systems, including circuits, equipment,
and transmission media. Personnel must make operational
adjustments of communications-electronics equipment,
circuits and subsystems. Other duties include (1)
identification and initiation of action to correct
conditions affecting circuit effectiveness, and (2) the
coordination of operations with associated facilities and

stations. The related DoD Occupational Subgroup is 101,
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Appendix B: Sample Rerun Files

The DYNAMO rerun option (Ref 38:147) can be used to
make any number of runs of a model. Only constants and
tables may be altered in a rerun. This option could be
used in making the family-behavior tests mentioned in the
recommendations for further research, since the model
initialization (see fppendix D and Appendix E) 1is
accomplished with constants and tables. Illustrated below
are two sequences of rerun statements used in Chapter
Four, Model Verification and Validation. The first
sequence tests the sensitivity of the model to extreme

values of the Technical School Multiplier Tale (TSHMT),

while the second sequence tests the sensitivity of the
model to extreme values of the Level S Bonus Factor Table

(LSBFT) and the Level S Bonus Table (LSBONT®.

T TSCHMT=1/1/1/1/1/1

RUN TS1’s

T TSCHMT=.5/.5/.5/.5/.5/.5
RUN 7S.5°s

T TSCHMT=1/.8/.6/.4/.2/.1
RUN TS1-.1

QUIT

T LSBFT=2/1.5/1.0/.5/.2
RUN BF2-.2

T LSBFT=1/1/1/1/1

RUN BF1’s

T LSBONT=0/0/0/0/0/0
RUN BONTO’s

T LSBONT 4/4/4/4/4/4
RUN BONT4’s

QUIT




...............................................

Appendix C: Variable Listing

Personnel Fill Sector Variables

BDT=Bonus D
BONSPD=Bonu
COST=Cost (
COSTAB=Cost
COSTRT=Cost
DL3=Desired
DLS=Desired
DL7=Desired
DL9=Desired

DP213=Dummy

DPE35=Dummy

DPAS7=Dummy

DPR79=Dummy
DTF=Desired

INIT13=Init

INIT3S=Init

INITS7=Init

INIT79=1nit

ISL3=Initia

TR e e R R N R A e
.............

elay Time (years)

ses Paid Multiple (O to %)
thousands of dollars)

Table for PNTPB2

Rat