—

AD=A065 692 AIR FORCE INST OF TECH WRIGHT=PATTERSON AFB OHIO SCH==ETC F/6 5/1
SYSTEMS DYNAMICS MODELING APPROACH TO ANALYSIS OF THE USAF PILO==ETC(U)
DEC 78 P L FEKKE
UNCLASSIFIED AFIT/GOR/SM/T78D=6& NL
| =4

Y o




AF1T/GOR/SM/78D-6
2

52

"ADAOQ 656

e -‘%\

Py

T —— - My

DD FILE coy

AT
i

Sy
&;-v;'; i

W/

THIS DOCUARNT IS ELST QUATTTY PRACTIC RS, CB/ c
THE COPY FPURNISHED TO 100 20% PAINTD A /

SIGRIPICANT MUNBER OF PAGES WAkCH DO BGR 7 4

REPRODUCE LEGIBLYe, _ i

SYSTEMS DYNAMICS MODELING APPROACH
TO ANALYSIS OF THE USAF PILOT
PRODUCTION/ALLOCATION SYSTEM

THESIS

AFIT/GOR/SM/78D-6 Peter L. Fekke
Major USAF

Approved for public release; distribution unlimited.
79 02 Yous
» 9 e/ ‘! 2 {\ ( g




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




-~

AFIT/GOR/SM/78D-¢ /

=

_SYSTEMS DYNAMICS MODELING APPRORCH  /
TO ANALYSIS OF THE USAF PILOT '

ERODUCTION/_&LLOCATION ‘S_YSTEM ’

o

et e e e e e, A

e i i I ...._-.~...,.. — o
S

. /}74 Ter's T}uf /53/

THESIS ‘

= 0%

Presented to the Faculty of the School of Engineering

of the Air Force Institute of Technology

Air University «—-—"‘7f
O
In Partial Fulfillment of the }:

Requirements for the Degree of

Master of Science

Graduate Operations Research

@ Decdhber—1978 (

Approved for public release; distribution unlimited.

e T ’ -

g9 fa %




Preface

The analysis presented in this report represents a preliminary
attempt in applying the system dynamics methodology to the United
States Air Force pilot resource. System dynamics is a powerful tech-
nique for investigating complex systems. My efforts will have been
worthwhile if a better understanding of the system is provided; addi-
tionally, I hope the model will provide useful information to managers
about the impacts of decisions on policy within the system.

In an effort to provide a useful document as opposed to an academic
exercise, I have attempted to write this report in plain English to the
maximum possible extent. However, the modeling techniques and computer
software essential to the discussion are included.

I wish to express my gratitude to Dr. Jon Knight for suggesting i
this study and providing his aid and assistance. My thanks to Dr. Charles
McNichols for reviewing this report and offering his constructive criti-
cism.

Finally, and most importantly, I would 1ike to thank my wife, Neva.
Without her encouragement and support, this thesis would not have been

completed.

Peter L. Fekke
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AFIT/GOR/SM/78D-6

Abstract

\

ARThis research was conducted to investigate the United States Air
Force pilot production and allocation system. It applies system
dynamics methodology as an effective means to analyze this complex
system. The Pilot Production/Allocation Management Model (PP/AMM) is
developed using DYNAMICS III simulation language. The model is an aggre-
gated representation of the system which deals with recruitment, allo-
catian. and training of pilots. It divides pilot resources into three
core forces, rated supplement resources, and Undergraduate Pilot Train-
ing instructor pilots.

Initially, the system is analyzed by a discussion of a cost module
and of system equilibrium. Next, various force build-up, draw-down,
and attrition scenarios are analyzed. A change of management policy
involving the forecasting of attrition rates concludes the analysis
and demonstrates an application of the model. This example also shows

how rapidly and economically information can be obtained from the model.

vii
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I.. Introduction

The subject of this thesis is the management of pilots within the
United States Air Force (USAF). The pilot force attracts management
interest because it is a relatively small portion of the entire Air
Force (AF) personnel system that generates a relatively high proportion
of the costs associated with that system. Management interest in control-
ling costs and force quality comes from Pareto's law which states "The
significant elements in a specified group usually constitute a relatively
small portion of the total items in the group" (Ref 1:132). The rule
suggests emphasis on the pilot force.

In his Air War College paper, Colonel J. B. Davis states "The dis-
tribution and training of the rated resource has often times followed
loasely described and imprecise methodologies, especially when subjected
to the intense pressures of change, i.e., the Vietnam buildup and draw

down" (Ref 2:1). Pilot training is costly, and the need for training

increases as force attrition accelerates. Thus, the current signifi-
cant increase in pilot attrition is drawing high-level management

interest.

Purpose
The purpose of this research is to develop a systems dynamics model

of the pilot force and evaluate its usefulness in the formation of man-

agement policy. The pilot force is a complex system that must cope

within a wide range of dynamic variables which are not particularly

susceptible to accurate forecasting. Its complexity and internal inter-
actions, along with the unpredictable nature of its background conditions,

make it important that policies are consistently formulated to be resilient




against varying inputs. One approach to policy design that lends itself
to this type of problem is the methodology of systems dynamics developed
by 1. W. Forrester. The Pilot Production/Allocation Management Model
(PEOAMD s a systems dynamics model written in DYNAMO I1I: it was

devel peo and applied in order to provide information about the behavior
of pilot force _tructure when stressed by such things as variable attri-
tion, force draw-downs or build-ups, and various training policies. The
information can aid in the evaluation of current and contemplated force
management policies and suggest the most productive areas for management
attention.

The model is an aggregated representation of the Air Force pilot
force. It does not attempt to track or forecast the movement of individ-
ual pilots. It is not intended to provide exact estimates of costs. The
model's purpose is to simulate the behavior of the pilot force structure
under specific environmental and policy assumptions. In addition, its
purpose is to analyze the cost implications of this behavior and discrim-
inate between different environmental and policy factors on the basis of

relative costs and critical management indicators.

Scope

In any thesis research effort, it is necessary to identify the limi-
tations of the project in order to keep the results in perspective.
First, this research uses a computer model as an aid to understanding
real world systems, and such models have obvious limitations. The PP/AMM
presented in this paper is an abstraction of the real world. The author
has included in this model what his research and experience seem to him
to be the important factors. The model is useful only as long as it is

used within the analytical scope for which it was designed.

2
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In the analysis presented in this thesis, the PP/AMM configures
the pilot force into only five pilot job areas. They represent the
rated supplement, the Undergraduate Pilot Training (UPT) instructor
force, the tactical fighter (and miscellaneous) pilot force, the stra-
tegic bomber/tanker pilot force, and the airlift pilot force. The system
training delays and flying time requirements are all averages. In order

i to avoid security classification, the crew manning factors are realistic

estimates of the author. The size of the aircraft and pilot forces simu-
lated in the model are arbitrary, but they are of realistic dimensions.

The second necessary limitation is on the range of analyses per-
formed. In this study, three basic changes in the force are examined.
The situations simulated and analyzed are force build-ups, force draw-
downs, and accelerated force attrition rates. The research also includes
a sensitivity analysis of certain relevent factors and an example of a

policy change involving forecasting.

Development
Chapter II explains the approach used in developing the model and
then gives a detailed description of it. Chapter III gives the results

of simulations used to analyze the system. Finally, conclusions and

recommendations are presented in Chapter IV.
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[1. The Model

This chapter describes the AF PP/AMM. The first section gives a
brief explanation of the methodological approach used in developing the
model. The second section presents an overview of the model design. The
third section is a detailed description of the model structure which is

set forth in the areas of management emphasis. This forms the basis for

the analyses performed.

The Approach

Management systems, such as the pilot pipeline system, are so complex
that a formal structure is needed to clarify ambiguities and to enable
total system understanding. Systems Dynamics is the modeling methodology
developed by J. W. Forrester of the Massachusetts Institute of Technology
(MIT) and is based on information-feedback control theory. To support
the need for systems dynamics methodology, Forrester states,

The general concepts of information-feedback systems are

essential because such systems exhibit behavior as a whole

which is not evident from examination of the parts separately.

The pattern of system interconnection, the amplification

caused by decisions and policy, the delays in actions and the

distortion in information flows combine to determine stabil-
ity and growth [Ref 3:16].

Systems Oynamics. The systems dynamics approach is applied
through the use of DYNAMO III computer programming Tanguage. DYNAMO is
used in continuous simulation models.

Each computation sequence occurs across time. Time is divided into
equal time segments referred to as DT and defined as a constant in the

DYNAMO model. As shown in Figure 1, "K" is used to designate the points

“.Ii
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Figure 1. DYNAMO Time Sequence

in time to which the current computation applies. The use of time will
become clearer as the level and rate equations are ciscussed.

Level equations (denoted by "L" on the left margin) represent a stor-
age area for a resource. The current level stands for the previous quan-
tity plus the flow in (IN.JK) and minus the flow out (OUT.JK) of it during
the computation time increment DT. The level, Eq (1), would be read: the
present level (at time K) is equal to the previous level (at time J) plus
the net change due to the flows in and out during the time increment DT

(time J to time K).
L LEVEL.K = LEVEL.J + DT*(IN.JK - OUT.JK) (1)

Note how this represents an integration.

Rate equations (denoted by "R" on the left margin) control the flows
into and out of the levels. They are policies that remain constant over
the time increment DT. The rate OUT, Eq (2), over the next time incre-
ment is equal to the current quantity in LEVEL divided by a constant

called DELAY.
R OUT.KL = LEVEL.K/DELAY (2)

Rates use information to control the flows into and out of levels.

9




Figure 2 is a diagram to help visualize the relationships discussed
above. An example would be a water tank with water flowing out and
water flowing in. The rate of water flowing out would depend on the

quantity in the tank and a constant delay.

---- information

- material
{'»-llevel

decision
function

Figure 2. Level and Rate Diagram

The other types of equations used in building the model are auxil-
iaries (denoted by "A" on the left margin) which simplify the rate equa-
tions. The constant (denoted by "C" on the left margin), table (denoted
by "T" on the left margin), and initial condition (denoted by "N" on the
left margin) equations are used to input parameters and data into the

model (Ref 4:21-22).

Overview

PP/AMM is a Systems Dynamics representation of the portion of the AF
manpower, personnel, and training system relevant to planning and experienc-
ing the recruitment, training, allocation, and attrition of pilots in the

US Air Force.

First consider inputs and outputs. Pilots enter the system when they

are recruited for undergraduate pilot training (UPT). The only way a pilot

6




can leave the system is through attrition from a job. The essence of
the model is what happens between acquisition and attrition.

Pilot acquisitions flow from undergraduate pilot training to an
assignment window (WIND) (Figure 3). This is a level equation and is
increased by those pilots who have graduated from pilot training but
are not yet at Combat Crew Training School (CCTS). The new pilot
graduates are labeled UPT. The assignment window is also increased
by pilots who are en route to upgrade-training and cross-training
into new jobs, TOWIND. The rate pilots leave the window is called

TOTRNG and is subtracted from the number in the window.

L WIND.K = WIND.J + DT*(SUM(TOWIND.JK)
+ UPT.JK - SUM(TOTRNG.JK)) (3)
where
WIND = pilots in reallocation process
TOWIND = assignment rate from pilot catetory
UPT = mission pilot graduates
TOTRNG = assignment rate to training

Pilots move from WIND into a level containing those in training (TRNG).
This level holds all pilots in training. It may be CCTS, instructor
pilot upgrade, training for the rated supplement, or any other training
that may be required. The level training is increased by the rate TOTRNG

and decreased by the rate TOJOB.

L TRNG.K(CAT) = TRNG.J(CAT) + DT*

(TOTRNG.JK(CAT) - TOJOB.JK(CAT) (4)
where
TRNG = pilots in training
CAT = category iteration index
TOTRNG = assignment rate to training
TOJOB = assignment rate to job




TRNG 2

JOB 2

A

R —

|
\'d

WIND X TRNG 1

TRNG 3- JOB 1
L’)
JOB 3-5
level
g

X DG rate

g}——) input
—{j output

I —

Figure 3.

Basic PP/AMM Diagram




e

The level job (JOB) represents the part of the pilot force that is
doing a particular job. Pilots flow from training into their job (TOJOB).
Pilots may leave their job in two ways. First, they may leave in order to
flow through the window (TOWIND) to training and then back into a job.

The other flow from JOB is attrition out of the pilot force (ATT).

L JOB.K(CAT) = JOB.J(CAT) + DT*(TOJOB.JK(CAT)

- TOWIND.JK(CAT) - ATT.JK(CAT)) (5)
where
JOB = pilots in each category
CAT = category iteration index
TOJOB = assignment rate to job
TOWIND = assignment rate from pilot category
ATT = pilot attrition rate by category

The model is divided into five separate job categories. It uses an
array structure so that JOB 1 through JOB 5 each represent a level in
the model. The same is true of the levels for training, so that TRNG 1
through TRNG 5 are the five training flows into each job. WIND is a
single level. There are actually five tracks from WIND, one to each
training category. Track one flows to all jobs in the rated supplement.
Track two flows between all levels affecting UPT instructor pilots.
Tracks three, four, and five repreéent all mission pilots: they are some-
times referred to as the core force. Track three is roughly equivalent
to all pilots in fighter, reconnaissance, and those not fitting into
tracks four and five. Track four contains tanker and bomber pilots.
Track five is for all transport pilots.

After a pilot is initially trained and enters the system from UPT
through CCTS (aggregated in TRNG), he will go to a designated job require-

ment. Normally, he will cycle through additional training throughout his




career. Some training will be for upgrade and some for cross-training.

Mixing between tracks is allowed in the assignment window. All pilots

in the system are accounted for in one of the levels. As stated earlier,

the only way for a pilot to leave the system is through an attrition flow.
There are six basic rate equations in the model. "The rate equa-

tions state our perception of how the real system decisions respond to

the circumstances surrounding the decision point" (Ref 5:10). The

rates contain no pilots. They describe the rate of flow into and out of

the three types of level—WIND, TRNG, JOB.

The discussion of rates will follow an expected flow for a pilot in

the system. He is procured for pilot training, then moves into the window
for assignment to a CCTS. He next moves to CCTS. Upon completing CCTS,
he flows to his job. After doing a job for a period of time, he cycles
back through the window to additional training. This training may be for
upgrade to aircraft commander or instructor pilot to cross-training into
another aircraft, or to move into a job in the rated supplement. This
type of cycle continues until he leaves the pilot force. In this model,
he leaves through the attrition rate (Figure 4). The rates TOTRNG,
TOJOB, TOWIND, and ATT are active in each track; therefore, there are
five rates called TOTRNG1 through TOTRNGS, etc.

The pilot production pipeline contains two rates. The number of
students procured for pilot training (PREC) and the number of grad-
uates from pilot training (UPT). Currently, 95 percent of those entering
pilot training graduate. This figure is constant and is controlled by
Air Training Command (ATC) by varying the amount of training given to
weaker students. In order to simplify the model, a constant 95 percent

graduation percentage is assumed. Therefore, PREC represents 95 percent

10
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Figure 4. PP/AMM Rate Integration Diagram




of the total number recruited, and this will be the number eventually

graduated. This is consistent with the computation of instructor/student
ratios and amortization of procurement costs. The 5 percent washouts are
merely deleted immediately, instead of spread out over the training per-

iod (Figure 5).

R UPT.KL = DELAY3(PREC.JK,TDEL.K) (6)
where
UPT = mission pilot graduates
PREC = pilot candidate recruiting rate
TDEL = average time through UPT pipeline
R PREC.KL = (CSIZE.K/4)*MREC.K (7)
where
PREC = pilot candidate recruiting rate
CS5IZE = annual UPT class size
MREC = recruiting capacity

The UPT equation, Eq (6), represents the pilot candidate training
process as a third-order exponential delay of the rate that the students
are recruited. The resulting outflow represents the number of
new pilots entering the window for job assignments each quarter. The
UPT input reflects the two-year planning process for the UPT pipeline
with some management flexibility as the need for new pilots changes.

UPT is a rate into the assignment window (WIND).

TOTRNG is the rate from the assignment window to the training level.
The rate into the rated supplement is computed differently than the other
four tracks, but the CLIP function is used in each case. The CLIP func-
tion makes a choice between the first two arguments on the basis of the

relationship between the last two arguments.
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R TOTRNG.KL(1) = CLIP(INVSUP.K,INDISC.K(1),WIND.K,TONEED.K) (8)

where
TOTRNG = assignment rate to training
INVSUP = pilots available for rated supplement
INDISC = projected assignments to jobs
WIND = pilots in reallocation process
TONEED = total required personnel for assignment

The rate into training for the rated supplement (TOTRNG(1)) is the
number of pilots in the window in excess of the requirements for the
other four categories of pilots if the number in the window is, in fact,
greater than or equal to the total need. Otherwise, it gets a propor-

tional share to maintain a viable supplement.

R TOTRNG.KL(PIL) = CLIP(NEED.K(PIL),INDISC.K(PIL),WIND.K,

TONEED.K) (9)
where
TOTRNG = assignment rate to training
PIL = index for flying jobs

NEED = personnel requirement in the rated supplement
INDISC = projected assignments to jobs

WIND = pilots in reallocation process
TONEED = total required personnel for assignment fills

The rate into training for each of the other four categories,
TOTRNG (PIL), is equal to the need in each category as long as the
number in the assignment window is greater than or equal to the total
need. Otherwise, each category gets a proportional share of those
pilots in the windown.

The next rate, TOJOB, determines the flow from the training level to
the job Tevel. It is.a function of the number of pilots in training for
each category of job and the average time required to comolete the train-
ing (ATUGPD). The TEST1? and ATJTIME are test and policy variables in the

model. The training delays are assumed to be constant for each category.

14




R TOJOB.KL(CAT) = TRNG.K(CAT)*TEST12.K(CAT)/

(ATUPGD(CAT) + ATJTIME(CAT)) (10)
where
TOJOB = assignment rate to job
CAT = category interation index
TRNG = pilots in training
ATUPGD = average time in upgrade/reassignment pipeline
ADJTIME = average time to adjust pilot force

There are two ways for a pilot to depart his job. Normal career
progression would put him in the assignment window for upgrade or cross-
training (TOWIND). Also, a pilot may leave the pilot force by some form
of attrition. The assignment rate to the window depends on the number of
pilots in the job and the average time in the job modified by the ratio
of the number in the job to the desired number in the job (DFORCE). The

result is a larger time in a job as the desired number in the job increases.

R TOWIND.KL(CAT) = (JOB.K(CAT)*JOB.K(CAT))/

(DFORCE .K(CAT)*ATJ.K(CAT)) (11)
: where
; TOWIND = assignment rate from pilot category
! CAT = category interation index
i JOB = pilots in each category
DFORCE = desired force size by mission
ATJ = average time in job

The other way to leave a job is through an attrition which causes
the pilot to leave the system entirely. In order to simplify the model,
all attrition is removed from the job level. Attrition from the pilot
pipeline system is the result of such things as death, removal from fly-

ing status, promotion to 06 (colonel), and voluntary or involuntary sepa-

rations. The overwhelming majority of these losses would occur from the

job level. The few losses from the assignment window or training levels

15
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would be replaced from the pilots in the job level, in most cases. Very

little is lost by accounting for the remainder of these losses from the

job level.

R ATT.KL(CAT) = JOB.K(CAT)*ATTRATE(CAT)*ATTADJ .K(CAT)/

ATADJTH(CAT)) + TEST4.K(CAT) (12)
where
ATT = pilot attrition rate by category
CAT = category interation index
JOB = pilots in each category
ATTRATE = programmed attrition rate by category
ATTADJ = attrition adjustment factor
ATADJTM = attrition rate adjustment time by category
TEST4 = test on attrition rate

The attrition rate is calculated as a percent;ge of the number in
each job category and modified by an attrition adjustment factor (ATTADJ).
The attrition adjustment reflects a limited ability to adjust pilot attri-
tion when the desired force is different from the projected force. Thus,
when pilots are scarce, separations are reduced; and when there are extra
pilots available, separations are increased through actions such as early

out and reduction-in-force (RIF) programs.

Areas of Management Emphasis

The model is divided into five areas of management emphasis: force
structure by pilot type, pilot production pipeline, assignment/reassign-
ment control, force size policy, and force management parameters.

Force Structure by Pilot Type. Force structure by pilot type has

been explained by discussing the levels and rates in the model. It is
worthwhile to examine a casual-loop diagram (Figure 6) to further explain

the structure of the model. Consider a specific job skill. Pilots are

16
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Figure 6. Casual-Loop Diagram for Model Structure

lost due to assignment out or attrition. They are gained by being trained
to do the job. Notice each loop is a negative feedback loop, which indi-
cates goal-seeking behavior (Ref 6:37). For example, an increase in the
inflow rate will increase the number in a given job. As the number in

the job is increased, however, the number leaving by attrition will tend
to increase. But, as attrition is increased, the number in the job will
increase at a decreasing rate. The overall effect would be to stablize
the number in the job where inflows equal outflows from attrition.

In this model, when a pilot lTeaves a job for reassignment, he must
be trained for another job; he is not lost from the system. The train-
ing and allocation structure is driven by the need for pilots in a job
skill. The overall system receives pilots via an undergraduate pilot
training input. To complete the force structure, consider the effects
of the need for personnel in another job. Figure 7 demonstrates the
casual-loop structure for a job.

The remaining equations describing the force structure are the value

; initialization equations. The initial value equations establish values

f 7§
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for the force levels to start the model running in equilibrium, i.e.,

where all levels are maintained constant.

N WIND = SUM(IWIND) (13)
where
WIND = pilots in reallocation process ;
IWIND = pilots in job for reassignment |
N IWIND(CAT) = ATT(CAT) + JOBi(CAT)/ATJIC(CAT) (14)
where
IWIND = pilots in job for reassignment
CAT = category interation index
ATT = pilot attrition rate by category
JOBI = initial force size by category
ATJC = average time in job by category
_ﬁ N TRNG(CAT) = ATUPGD(CAT)*IWIND(CAT) (15)
i where
J TRNG = pilats in training
i CAT = category iteration training
f ATUPGD = average time in upgrade/reassignment pipeline
K IWIND = pilots in job for reassignment
N JOB(CAT) = JOBI(CAT) (16)
,j where
: JOB = pilots in each category
1 CAT = category iteration index
! JOBI = initial force size by category
N ATT(CAT) = JOB(CAT)*ATTRATE (CAT) (17)
where
i ATT = pilot attrition rate by category
§ CAT = category iteration index
; JOB = pilots in each category
i ATTRATE = programmed attrition rate by category

|
!
{
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By setting initial values for each category of the force (JOBI), the
model starts off with no impetus for change—all model variables are
at their goal. Since values for JOBI specify the number of pilots in
each job, the initial attrition rate is specified as a percentage of

the number in each job category (ATTRATE is a constant for each category

of job). The initial window figure in each category is computed since
average time in job (ATJC) is constant, JOBI is specified, and ATT has
been computed. The initial window quantity is the sum of the initial
window figures in each category. The beginning number in each training
category uses the initial window figure times the average time in
reassignment pipeline (a given constant). Figure 8 shows the composite
representation of the force structure. Note that for each category of
flying job (2-5) the logic is the same; however, the logic for the rated
supplement changes in computation of the rates TOWIND and TOTRNG.

Pilot Production Pipeline. Refer to Figure 5 during the discussion

of the pilot production pipeline. It will give a visual representation
of this model area.

The pilot production pipeline determines the rate at which new UPT
inputs enter the assignment window. It is the source of the external
input of pilots into the system. The model beings with a recruiting
rate for personnel (PREC) for pilot training [Eq (7)]. The recruiting
rate is a function of the programmed annual UPT class size (CSIZE) and

a recruiting capacity multiplier (MREC).

CSIZE.K = JOB.K(2)*TPINS.K (18)
where
CSIZE = annual UPT class size
JOB = pilots in each category
TPINS = UPT student/instructor ratio

20
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The annual UPT class size depends on the number of UPT instructor pilots
[JOB.K(2)] and the student-to-instructor ratio (TPINS.K). The student-to-
instructor ratio comes from a function specified by TPINS.K; it is a func-

tion of the difference between the desired and recent, actual UPT class sizes.

A TPINS.K = TABHL (TTPIR,TT.K,0,1.75,.25) (19)
where
TPINS = UPT student/instructor ratio
TTPIR = student/instructor ratio
TT = class size adjustment factor
T TTPIR = 0/.47/.94/1.41/1.88/2.35/3.15/4.0 (19.1)
where

TTPIR = student/instructor ratio

If the desired class size is larger than recent class sizes, the student-
to-instructor ratio is allowed to increase in order to increase UPT output.
The class size adjustment factor, TT, is used to determine the ratio

between desired and recent class sizes (Figure 9).

4.0F TTPIR
o
oo 3.33F
&
5 2.67}
23 2.0}
o
T 1.33
©
b= 67}
/l v - A L} A A
0 .25 .5 .75 1.0 1.251.5 1.75
T

Figure 9. Class Size Adjustment Factor
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A TT.K = DCSIZE.K/SMOOTH(CSIZE.K,TST) (20)
where
TT = class size adjustment factor
DCSIZE = desired UPT class size

CSIZE
ST

annual UPT class size
smoothing times

The adjustment factor increases if an exponential average of the .

class sizes for the last quarter is smaller than the desired class size

(DCSIZE).
A DCSIZE.K = MAX(FORCE.K + PATT.K,VBL.K) (21)
where
DCSIZE = desired UPT class size
FORCE = programmed force size minus actual force size
PATT = projected annual attrition
VBL = class size for viable UPT operation

The desired UPT class size will be the maximum of the sum of FORCE.K
and projected annual attrition (PATT) and a minimum class size for UPT
operation (VBL). FORCE.K is the discrepancy between programmed force
size and the actual force size. Hence, desired class size will replace
the net of projected attrition and the objective force minus the actual
force. However, desired class size will always remain large enough to
keep a UPT operation sustained. The viable UPT class size is initialized

as a constant (VBLC=400) arbitrarily and can be adjusted over time using

the TEST8 equation. |

A VBL.K = VBLC + TEST8.K (22) |

where f
VBL = class size for viable UPT operation |

VBLC = minimum viable UPT class size |

TEST5 = test on viable UPT class size |

23
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The desired student-to-instructor ratio is initialized by Eq (24).

N TPINS = TPINSI (23)
where
| TPINS = UPT student/instructor ratio
TPINSI = desired student/instructor ratio

| TPINSI is set at 1.88. For each UPT unit, a fixed number of instructors

is needed in staff and academic roles. There is also a variable number

of instructors needed, depending on the number of students. The overall

factor is very close to 1.88 and can be verified by ATC planning documents.

The other part of the recruiting rate is the recruiting capacity
multiplier (MREC). The recruiting rate is the quarterly recruiting capac-
ity multiplier times one-fourth the annual UPT class size. The model

assumes the availability of recruits for pilot training. f

F RN 3
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Figure 10. Recruiting Capacity Multiplier

A MREC.K = TABLE(TREC,CSIZE.K/4,0,1400,200) (24)
where
MREC = recruiting capacity
CSIZE = annual UPT class size
TREC = class size adjust factor for UPT recruiting
T TREC = 1/1/1/1/1/.95/.89/.82 (24.1)
where

TREC = class size adjust factor for UPT recruiting
24




It is assumed that the Air Force can meet a recruiting goal of 800 per
quarter; after 800, a decreasing portion of the additional quota can be
met. Limited resources and different recruiting capacities can be sim-
ulated by changing the values of the table TREC. The recruiting rate is
the main inflow into the UPT rate (UPT.KL), Eq (6). The average time it

takes to flow through the training process is the magnitude of the delay

(TDEL.K).
A TDEL .K = CAP.K*DEL (25)
where
TDEL = average time to change UPT pipeline
CAP = capacity factor for UPT training delay
DEL = initial average time

This factor is based on a normal time (DEL=7) of just less than the two-
year budgeting requirements and CAP.K the capacity utilization factor for
UPT training delay. The capacity utilization factor increases throughout

time for large annual class sizes and decreases the time for smaller

class sizes. Annual class sizes of 2,000 give a TDEL of exactly seven
quarters.
LI CAPT
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Figure 11. Capacity Utilization Factor
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CAP.K = TABHL(CAPT,CSIZE.K,0,6000,1000)

where
CAP = capacity factor for UPT training delay
CAPT = capacity utilization factor UPT training delay
CSIZE = annual UPT class size
T CAPT = .B/N/1/1.0/1.2/1.25/1.3 (26.1)
where

CAPT = capacity utilization factor UPT training delay

A projected UPT graduation rate, PUPT.KL, is calculated for planning
purposes. It uses an exponential of the UPT delay factor (PTDEL) over
eight quarters (ST). The projected graduation rate is used to compute
FORCE.K in the force management parameters. Force management parameters

are discussed after the force size policy structure is introduced.

A PUPT.K = DLINF3(PREC.JK,PTDEL.K) (27)

where

PUPT = projected UPT graduates

PREC = pilot candidate recruiting rate
PTDEL = perceived training delay
A PTDEL.K = SMOOTH(TDEL.K,ST) (28)

where

PTDEL = perceived training delay

TDEL = average time through UPT pipeline

4 ST = smoothing times

Assignment/Reassignment Control. Assignment/reassignment control

is a series of auxiliary equations that provide information to the

decision about the assignment rate into training for each category

(TOTRNG). First, selection for the rated supplement is discussed;

26
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next, the other four categories are discussed together. The number to

be trained for rated supplement jobs is determined by Eq (8). Four values
are needed to compute this rate—WIND, TONEED, INVSUP, and INDISC (1).
WIND has previously been described as the level in the reassignment pool
plus the rates TOWIND and UPT and minus the rates TOTRNG. The number in
the reassignment window is compared to the total need (TONEED) to be met

for other reassignments; the difference will be sent to the supplement.

A TONEED.K = MAX(1,SUM(NEED.K)) (29)
where

TONEED
NEED

total required personnel for assignment fills
personnel requirement in the rated supplement

TONEED is computed by a MAX function. It selects the larger number
of one or the sum of the needs in the five individual categories. The
need for each category must be computed. They result from three different

equations, which all use the MAX function to avoid negative needs.

A NEED.K(1) = MAX(0,SUPN.K) (30)
where
NEED = personnel requiremert in the rated supplement
SUPN = critical rated supplement
A NEED.K(2) = MAX((INP.K + SMOOTH(ATT.JK(2),
AST)),0) (31)
where
NEED = instructor requirements
INP = projected instructor pilot needs
ATT = pilot attrition rate by category
ST = smoothing times

28
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A NEED.K(MPIL) = MAX((DFORCE.K(MPIL) - JOB.K(MPIL)
+ TOWIND.JK(MPIL)

+ SMOOTH(ATT.JK(MPIL),AST)),0) (32)
where
NEED = pilot requirements by category
MPIL = index for noninstructor flying jobs
DFORCE = desired force size by mission
JOB = pilots in each category
TOWIND = assignment rate from pilot category
ATT = pilot attrition rate by category
ST = smoothing times

The need for the rated supplement NEED.K(1) is determined using a criti-
cal number which assumes that certain rated supplement jobs are absolutely
critical to the Air Force mission (SUPN). This number is arbitrarily set
at 500 (SSS) so that NEED(1) will be the difference between 500 and the
number in the supplement JOB(1), if there are less than 500 in the sup-
plement. Otherwise, NEED(1) will be zero. Normally, many more pilots

than 500 are kept in the supplement to meet war-time surge requirements.

A SUPN.K = SSS - JOB.K(1) (33)
where
SUPN = critical rated supplement
SSS = viability level for rated supplement
JOB = pilots in each category

NEED(2) is instructor pilot requirements. It is a function of
projected instructor pilot needs (INP.K) and a projected attrition from
the instructor force. Instructor pilot needs are computed as the
desired instructor pilot force size (explained in the section on force
size policy) minus the number in the job plus the number leaving to the

assignment window.
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A INP.K = DFORCE.K(2) - JOB.K(2) + TOWIND.JK(2) (34)
where

INP projected instructor pilot needs

DFORCE = desired force size by mission
JOB = pilots in each category
TOWIND = assignment rate from pilot category

NEED(MPIL) describes the requirements for the three pilot cate-
gories comprising the mission pilot force. It is computed in the same
way as INP.K with an added factor for attrition. Separating these
equations merely adds more flexibility to the model design. The sum
of the five needs is the total need.

[f the total need is less than the number of pilots in the assign-
ment window, the rate to training for the supplement is equal to the
pilots available for the supplement (INVSUP.K). If the number in the
assignment window is less than the total need, then a share (INDISC.K(1))
is allotted to training for the supplement. INVSUP.K is computed as the
number in the assignment window less those needed for flying jobs
(PINVDIS.K). PINVDIS.K is the sum of the needs in all categories

except the supplement.

A INVSUP.K = WIND.K - PINVDIS.K (35)
where
INVSUP = pilots available for rated supplement
WIND = pilots in reallocation process
PINVDIS = assignments to flying jobs
A PINVDIS.K = SUMV(NEED.K,2,TCAT) (36)
where
PINVDIS = assignments to flying jobs '
NEED = personnel requirement in the rated supplement
TCAT = categories of pilot jobs
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In the second situation, those assigned to training for the supple-

ment is a proportion of the pilots in the window (INDISC).

A INDISC.K(CAT) = (NEED.K(CAT)/TONEED.K)*WIND.K (37)

where

INDISC = projected assignments to jobs

CAT = category iteration index

NEED = personnel requirement in the rated supplement
TONEED = total required personnel for assignment fills

WIND = pilots in reallocation process

The proportion is the ratio of the category need to the total need.
Note that the need for the supplement is relatively small (normally
zero) so that when those pilots in the window are less than the total
need the rated supplement gets few or no inputs. This completes the
discussion of the logic for the rate TOTRNG(1).

i The logic for the other four categories (TOTRNG(PIL)) will now be

i discussed. See Eq (9). The only difference in the logic for these

| categories [from TOTRNG(1)] is if the total need is less than or equal
to the number in the assignment window each category is allotted its
need. The rest go to the rated supplement; that value is INVSUP.K as

computed above.

The rated supplement thus acts as a reservoir to meet war time and

contingency requirements. The model very closely approximates the

actual requirements computation process of the pilot pipeline management

system (Ref 2, 13).

Force Size Policy. The force size policy structure generates

factors that set and adjust authorized force strength. The description
of this area is organized around the rates TOWIND and is divided into

two parts. The first part eminates from the rate to the window for all
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flying jobs (TOWIND(PIL)). The second part explains the rate to the
window for the rated supplement (TOWIND(1)). See Eq (11) for a listing
of TOWIND. It depends on the number in each job, an average time in job
(ATJ), and the desired force in each job (DFORCE). The level JOB has
been described previously. The variable ATJ will be discussed first,
followed by DFORCE in both parts of the description in this section.
For all flying jobs, ATJ (2-5) is a constant ATJC. This constant

is four years for UPT instructor pilots and three years for the core

pilots; it can be varied with a test input, TEST11.

A ATJ.K(PIL) = ATJC(PIL)*TEST11.K(PIL) (38)
where
ATJ = average time in job
PIL = index for flying jobs
ATJC = average time in job by category
TEST11 = test on average time in flying category

This is set arbitrarily and should be varied as a desired exogenous
variable in system.

The desired pilot force in each flying job (DFORCE) is computed
differently for UPT instructor pilots and the mission pilots (MPIL).
The desired force for UPT instructor pilots is a MAX function. It is
the larger of the force based on desired UPT class size (DCSIZE) and
the minimum viable instructor force size (III). Desired instructor
force based on class size is calculated by taking the smoothed average
of desired class size (DCSIZE) per quarter (CST=1) and dividing by the
desired student-to-instructor ratio (TPINSI). This computes the number
of instructors desired. Desired class size and student-to-instructor

ratio have been explained in the pilot production pipeline description.
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A DFORCE.K(2) = MAX((SMOOTH(DCSIZE.K,CST)/TPINSI),III.K) (39)

where
DFORCE = desired force size by mission
DCSIZE = desired UPT class size
ST = smoothing times
TPINSI = desired student/instructor ratio
I[II = minimum instructor force for UPT viability

The minimum viable instructor force size (III) is specified as a
user input and can be modified with the TEST9 function. The normal

value is 200 instructor pilots to accommodate five UPT bases.

A III.K = IIIC + TEST9.K (40)
where
111

ITIC
TESTY

minimum instructor force for UPT viability
viable force level instructor pilot
test on instructor force minimum viability

The desired pilot force in each of the mission pilot categories is
a function of the number of planes in each category times a crew ratio

required to fly programmed hours (DCRATIO).

A DFORCE.K(MPIL) = DCRATIOQ.K(MPIL)*PLANES.K(MPIL) (41)
where
DFORCE = desired force size by mission
MPIL = index for noninstructor flying time
DCRATIO = desired crew ratio to fly programmed hours
PLANES = active aircraft by mission
A PLANES.K(MPIL) = POLACFT.K(MPIL)*TEST2.K(MPIL) (42)
where
PLANES = active aircraft by mission
MPIL = index for noninstructor flying jobs
POLACFT = active aircraft by category
TEST2 = test on number of aircraft
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The number of mission aircraft assigned is a constant, POLACFT, and can
be changed using the TEST2 function. No value for PLANES is used in the
rated supplement or instructor force; zero values must be specified to
prevent error statements in the program. The same is true for AHOURS,
APP, DESHRS, DH, and DCRATIO.

The meaning of desired crew ratio has been modified for this model.
[t is a crew factor that combines the number of pilots per aircraft air-

crew and the desired crew ratio. These figures are meant to be gross

averages for the three mission categories giving the desired number of
pilots per aircraft. For example, in the fighter, reconnaisance, miscel-
laneous category (FRM), a crew factor of 1.25 indicates an average of
1.05 pilots per aircrew with an average crew ratio of 1.19 per aircraft.
The crew factor is the product of the crew ratio and number of pilots per
crew. The value for desired crew factor for the FRM category comes from

the crew table for crew fighters (CRT3).
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Figure 14. Crew Factor Diagram Fighter/Miscellaneous
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A DCRATIO.K(3) = TABHL(CRT3,PHPA.K(3),0,120,20) (43)

where
DCRATIO = desired crew ratio to fly programmed hours
CRT3 = crew table fighters
PHPA = programmed flying hours per aircraft
i CRT3 = 0/ .5£1/1,25/1.5/2/2.5 (43.1)
where

CRT3 = crew table fighters

As the flying hours per aircraft, PHPA, are increased so is the desired
number of pilots per aircraft. See Appendix A for a similar discussion

describing DCRATIO (4) and (5).

A PHPA.K(CAT) = AHOURS.K(CAT)/PLANES.K(CAT) (44)
where

PHPA = programmed flying hours per aircraft

CAT = category iteration index
AHOURS = authorized mission flying hours
PLANES = active aircraft by mission

Programmed flying hours per aircraft, AHOURS, is the authorized mission
flying hours per category divided by the number of active mission air-

craft, PLANES. PLANES is an exogenously determined constant.

A AHOURS.K(MPIL) = POLHRS*APP.K(MPIL)*TEST1.K(MPIL) (45)
where
AHOURS = authorized mission flying hours
MPIL = index for noninstructor flying jobs
POLHRS = total proyrammed flying hours
APP = flying hours apportioning factor
TEST1 = test on authorized hours

AHOURS 1is a function total programmed flying hours, POLHRS, and an

apportioning factor, APP. It can be modified by the TEST1 function.
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A APP .K(MPIL) = DESHRS.K(MPIL)/TDHRS.K (46)
where
APP = flying hours apportioning factor
MPIL = index for noninstructor flying time
DESHRS = desired flying hours per aircraft for proficiency
TDHRS = total desired mission flying hours

The apportioning factor is the ratio of the desired minimum flying
hours for each mission category, DESHRS, to the total of the desired

minimum flying hours for all mission categories, TDHRS.

A DESHRS.K(MPIL) = DH.K(MPIL)*PLANES.K(MPIL) (47)
where
DESHRS = desired flying hours per aircraft for proficiency
MPIL = index for noninstructor flying jobs
DH = desired flying hours per aircraft
PLANES = active aircraft by mission

The desired hours by category are dependent on the number of planes
in each category and the desired flying hours per aircraft, DH. The
desired hours per aircraft is an exogenous input, DHC, that can be

modified by the TEST10 function.

A DH.K(MPIL) = DHC(MPIL)*TEST10.K(MPIL) (48)
where
- DH = desired flying hours per aircraft
MPIL = index for noninstructor flying time
DHC = desired flying hours per aircraft for crew proficiency
TESTI0 = test on desired flying hours

The total desired flying hours is the sum of the desired minimum flying

hours for each mission category.
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A TDHRS.K = SUMV(DESHRS.K,3,TCAT) (49)

where
TDHRS = total desired mission flying hours
DESHRS = desired flying hours per aircraft for proficiency
TCAT = categories of pilot jobs

The above sequence of logic generates the desired flying force
size. This is an important factor in determining the rate of assign-
ments out of a flying job. The other factors are the number in each
job and the desired average time in the job.

The second part of the force size policy covers the rate at which
pilots in the rated supplement enter the assignment window. The same
basic equation for TOWIND applies; however, the average time in job and
desired force are computed differently. The constant ATJC is three years.
It is adjusted depending on how well the mission force is manned. The
manning factor is given by the sum of all pilots in a flying job divided
by the sum of the desired force size for flying jobs, DTMFOR. A higher
manning ratio for the flying force gives a relatively longer average time

in supplement jobs.

A ATJ.K(1) = ATJIC(1)*(SUMV(JOB.K,2,TCAT)/
DTMFOR.K)*TEST11.K(1) (50)
where
ATJ = average time in job
ATJC = average time in job by category
JOB = pilots in each category
TCAT = categories of pilot jobs
DTMFOR = desired total mission force
TEST11 = test on average time in flying category
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A DTMFOR.K = SUMV(DFORCE .K,2,TCAT) (51)
where
DTMFOR = desired total mission force
DFORCE = desired force size by mission
TCAT = categories of pilot jobs
A DFORCE.K(1) = MAX(FORSIZE - SUMV(DFORCE.K,2,TCAT)
- SUM(TRNG.K) - WIND.K,SSS) (52)
where
DFORCE = desired force size by mission
FORSIZE = programmed total force size
TCAT = categories of pilot jobs
TRNG = pilots in training
WIND = pilots in reallocation process
SSS = viability Tevel for rated supplement

The desired force in the rated supplement is a MAX function. It is
never less than the viability level for the rated supplement (SSS=200).
Normally, the desired force in the rated supplement is the remainder of

the pilots after the desired flying force, those in training, and the

assignment window have been subtracted from the desired force size.

Current Force Management Parameters. Current force management

! centers on adjusting the force size if it does not match the programmed
force ceiling. The main ways to manage the force size stem from the
inputs and outflows of the system. Since attrition seems to be the
quickest way to impact the total force, discussion will begin with the

equations which control the attrition rate. As noted before, pilot

% attrition by category, ATT, is a function the number in each job
| category times a normal attrition rate (ATTRATE=.02/quarter) modified
by an attrition adjustment factor, ATTADJ. The constant ATTRATE was
chosen to be about the Air Force average of 8 percent per year. It is

easily modified with the TEST4 function.
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Figure 16. Attrition Adjustment Table
A ATTADJ.K(CAT) = TABHL(TATADJ,FLEV.K,.5,2,.5) (53)
where
ATTADJ = attrition adjustment factor
CAT = category iteration index
TATADJ = attrition rate adjustment table
FLEV = force level factor for attrition adjustment
T TATADJ = .5/1/1.5/2 (53.1)
where
TATADJ = attrition rate adjustment table

The attrition adjustment factor increases attrition as the force

level factor for attrition adjustment, FLEV, increases based on the

relation specified by the TATADJ table.

A

where

FLEV
CAT
TOTFOR
FORCE

FLEV.K(CAT) = (TOTFOR.K/(TOTFOR.K
+ FORCE.K))*TEST5.K(CAT)

force level factor for attrition adjustment
category iteration index

total pilot force

programmed minus actual force size

a1

(54)




The force level factor is a function of the total pilot force,
TOTFOR, and the projected force discrepancy. The total pilot force is

the sum of all pilots in the levels of the model.

A TOTFOR.K = SUM(JOB.K) + SUM(TRNG.K) + WIND.K (55)
where

TOTFOR = total pilot force

JOB = pilots in each category
TRNG = pilots in training
WIND = pilots in reallocation process

The projected force discrepancy, FORCE, subtracts from the programmed

total force size the total projected pilot force.

A FORCE.K = FORSIZE.K-(TOTFOR.K-PATT.K) - 4*PUPT.K (56)
where
FORCE = programmed minus actual force size
FORSIZE = programmed total force size
TOTFOR = total pilot force
PATT = projected annual attrition
PUPT = projected UPT graduates

The actual force size, TOTFOR, minus a projected annual attrition, PATT,
plus the projected annual input, 4*PUPT, is the projected annual force
size. Thus, when the projected force is larger than the programmed
force, the projected force discrepancy is a negative value. The pro-
jected force is a positive value when projected force is smaller than 1

programmed force. Operating through FLEV, the attrition adjustment

increases attrition when projected force is too large and reduces attri- 1

tion when the projected force is too small.




A FORSTZE.K = FORCEIL + TESTZ.K (57)
where
FORSIZE = programmed total force size
FORCEIL = Congress impesed pilot force ceiling

TEST7 = test on procrammed total force size

Programmed total force size, FORSIZE, is a constant, FORCEIL, that
can be changed by the TEST7 function.

The equation for the projected UPT graduates was described in the
pilot production pipeline section. The equation for the projected annual
attrition, PATT, is four times a smooth of the total quarterly attrition

over the past four quarters, AST=4.

A PATT.K = 4*SMOOTH(SUM(ATT.JK),AST) (58)
where
PATT = projected annual attrition
ATT = pilot attrition rate by category
ST = smoothing times




g —

ITI. Analysis and Results

This chapter documents the analysis and results of testing the
PP/AMM. Determinations with respect to its validity are largely a sub-
jective judgement (Ref 3:123). A judgement has to be made about how well
the model generates behavior consistent with the pilot procurement/assign-
ment management system in areas relevant to policy analysis. The model
should show the direction and relative magnitude of major changes in sys-
tem characteristics due to exogenous inputs or alternatives in policy.
The results of the simulations used in the analysis are presented in this
chapter under three main headings: general analysis, situational analysis,

and policy forecasting analysis.

General Analysis

The first area of analysis introduces the cost module and discusses
model equilibrium. This information provides a basis for further analysis.

Cost Module. This section describes the cost module attached to the
model. The cost module was developed to provide relative cost information

to help evaluate different management policies; it is not intended to give

absolute estimates of future costs. Therefore, the numbers used are
weighted averages and they are rounded off. Only current costs associated
directly with the pilot resource that change with policy are included.

For example, costs for allotted mission flying hours are not included.
Management policy relative to the pilot resource should not change the
cost of mission flying hours. Congress appropriates funds to pay for a
specific number of mission flying hours. Mission flying hours are used

for proficiency training. The total flying hours appropriated are always
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used in order to maximize pilot proficiency; management only impacts the
proficiency flying hours available to each pilot, not the total cost.
Conversely, pilot salary costs are included because management policies
will impact the actual force size. An increasing force size will tend
to increase the total salary cost. The cost module monitors six types
of flows. It also accumulates total costs and total discounted costs.

The first cost category covers recruiting, precommissioning train-
ing, and accession travel costs (RCOST). The three sources of commission-
ing for Air Force pilot acquisitions are the USAF Academy (USAFA), Reserve
Officer Training Corp (ROTC), and Officer Training School (OTS). The
model does not attempt to discriminate between acquisitions by source.

The actual ratio of each source varies, as does the actual cost per grad-
uate. The costs in this area were taken from Air Force Manual (AFM) 173-10.
The cost of a USAFA graduate is more than eight times the cost of an 0TS
acquisition. However, the USAFA graduate will enter active service whether
or not he or she becomes a pilot resource. The majority of this RCOST is
not influenced by the management of the pilot force. Similar arguments

may be made about the RCOST for the other pilot acquisitions. Obviously,
management of the pilot resource does influence the number of acquisitions
needed in the Air Force. For this reason, the RCOST element is set approx-
imately equal to the typical acquisition cost of an OTS graduate (the
smallest of the three sources). See Table I for a compilation of this cost.
The Tevel RCOST.K is increased by the increment RECR.J. The term RECR.K

is equal to RCR.K times the number of recruited pilot candidates each

quarter. Note the level RCOST is a cumulative figure; and, for ease of

model manipulation, RCF.K is equal to the constant RCFK, which is $13,000.

The same computational scheme is used in each of the six cost areas.
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TABLL 1

RCOST
Precommissioning Recruiting Accession
Source Cost Cost Travel
USAEA $103,000 $1,100 $800
ROTC 13,800 1,100 800
Ors i (S L 0] 1,100 S00
Figures are rounded to nearest 100.
S
A RECR.K = PREC.KYRCF .K (H9)
| RCOST.K = RCOST.J + DT*RECR.J (59.1)
N RCOST = 0O (59.2)

where

RCOST ~ recruiting costs

The next area accounts for UPT costs for each student (UCOST). The
cost of UPT is taken from data used in the DPXXA computer model used at
the Pentagon and verified by Captain Michael Carpenter of the AP Manpower and
Personnel Center (AFMPC)Y.  The variable UPTT.K produces the total UP]
cost by using the number of UPT graduates (UPT.JK) times the cost per
graduate (UCE.K-$235,000). Atter UPT, additional specialized training

is required and is accounted for in the next cateqory.

A UPTT.K - UPT.JKAUCE K (€0)
l UCOST.K = UCOST.J + DT*UPTT.J (6. 1)
N UcostT 0 (60.2)

where

UCOST UPT costs




]
|
i
!
|

The same source is used for the cost data for specialized training.
This area accounts for Combat Crew Training Schools (CCTS) and any other
training such as Squadron Officer School (SOS), Instructor Pilot Instru-
ment School (IPIS), and Aircraft Commander Upgrade School (PUPS). A1l
specialized training is accounted for. The cost of specialized flying
training is overwhelmingly significant. The average cost of the first
CCTS is about $248,000. The cost of nonflying training is negligible in
comparison. The average cost used for all specialized training in the
module is $215,000 (TCF.K). This is approximately a 15 percent reduction
of the CCTS cost and reflects about a 15 percent rate of nonflying train-
ing. The variable TCOST accumulates the specialized training costs. It
is added incrementally by multiplying the average cost times the number

of pilots leaving training, SUM(TOJOB.JK).

A TRAIN.K = SUM(TOJOB.JK)*TCF.K (61)
L TCOST.K = TCOST.J + DT*TRAIN.J (61.1)
N TCOST = 0 ' (61.2)

where

TCOST = CCTS cost

The fourth cost area accounts for the additional expenses associated
with permanent change of station (PCS) and temporary duty travel (TDY)
(PCOST). The data for these costs comes from AFM 173-10. The PCOST
increment, PCS, equals the number of pilots in the assignment window

times the additional expenses factor, PCF.

A PCS.K = WIND.K*PCF.K (62)
L PCOST.K = PCOST.J + DT*PCS.J (62.1)
N PCOST = 0 (62.2)

where

PCOST PCS costs
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The PCS cost per move for officers in fiscal year (FY) 1978 is $3,171.
The TO/FM Other Flying factor is $1,364. A weighted average is used
which sets PCF.K equal to $2,000. Less than half of the moves are con-
sidered to be PCS. A1l other costs associated with TDY and PCS travel
are considered accounted for in the TCOST area.

The next area accounts for active duty pay. There is a wide range

of pay grades within the pilot resource, but the model does not distinguish
between pilots by pay grade. Therefore, the AFM 173-10 rated pay factors
table provided the salary that is used. Actual average pilot salary is
quite variable over time since, as retention declines, the average pay
would decrease with the age mix of the pilot force. An annual factor of
$24,000 ($6,000 quarterly) is drawn from the pay factor table to account
for average pilot salary, SCOST. The quarterly salary cost, SAL.K, is the
total active force, TOTFOR.K, times the average salary factor per quarter,

SCF.K=$6,000. SCOST is then the aggregate of the quarterly costs for

salary.
A SAL.K = TOTFOR.K*SCF.K (63)
I8 SCOST.K = SCOST.J + DT*SAL.J (@81
N SCOST = O (63.2)
where

SCOST = pilot salaries

The Tast of the six cost areas adds the cost of attrition to the
pilot resource. A pilot promoted from lieutenant colonel to colonel, or
a pilot removed from flying status is considered a loss to the pilot
force in the model. Either of these cases may or may not have any cost.
A certain amount of attrition results from factors (such as retirement)

that management policy only indirectly effects. The cost factors applied
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to attrition were based mainly on involuntary separations and come from

AFM 173-10. The possibility of a RIF and the associated cost is not con-

sidered. However, in any large scale force draw-down, RIF pay may become
a factor that should be considered. In this module, attrition costs

(ACOST) is computed by adding the increment ATCST.K for each quarter.

A ATCST.K = SUM(ATT.JK)*ACF.K (64)
L ACOST.K = ACOST.J + DT*ATCST.J (64.1)
N ACOST = 0 (64.2)

where

ACOST = attrition costs

ATCST.K is the total number of pilots attrited from the pilot force,
SUM(ATT.JK), times the attrition cost factor, ACF.K. The attrition cost
factor is set to $2,500, which is about equal to the average separation
travel pay. This will be the cost allotted to any pilot attrition regard-
less of the actual reason.

Total cost, TOTCOST, is merely the sum of the six individual cost

areas. It represents the total accumulated cost.

A TOTCOST.K = SCOST.K + PCOST.K + TCOST.K + UCOST.K
+ RCOST.K + ACOST.K (65)
where

TOTCOST = total cost

The units of cost are based on constant FY 1978 dollars and are not
adjusted for inflation.
The final area of the cost module computes a total cumulative cost

discounted at a 10 percent annual rate. The discount factor, DFACT, is

49




computed as exp(-0.025t). The costs are summed each quarter as QTRCST.

The discounted quarterly cost, DQTR, is then the product of the discount
factor and the total quarterly cost. The discounted total cost, DCOST,

is the discounted sum of all the quarter cost flows.

A DFACT.K = 1/EXP(.025*TIME.K) (66)
where

DFACT - discount factor

A QTRCST.K = SAL.K + PCS.K + TRAIN.K + UPTT.K
+ RECR.K + ATCST.K

A DQTR.K = QTRCST.K*DFACT.K

N DCOST = 0

L DCOST.K = DCOST.J + DT*DQTR.J
where

DCOST = total cost discounted

This cost module will provide relative cost information to aid in
the analysis of model behavior caused by different environmental and
policy factors.

Model Equilibrium. During the initial investigation of system
behavior, it is necessary to study the system in equilibrium. There are
a number of reasons to study the model in equilibrium. The attainment
of equilibrium provides some assurance that the general formulation of
the computer model is consistent with the negative feedback structure
of the conceptual model. It is important to start the model in equilib-
rium so that when the system is disturbed one can observe the exact
response of the system to the particular perturbation. The same responses

may be present under disequilibrium conditions but could be obscured by
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confounding oscillations in the system. Also, the system costs in equi-
Tibrium provide a good basis for analysis of policy changes within the
system. In equilibrium, the inherent stability (instability) of the sys-
tem could easily be demonstrated and formulation problems in the system
can be identified.

Equilibrium in the PP/AMM is represented by a state in which all
force levels remain constant over time, the desired force levels are
exactly met, and the accession rate for UPT would provide an input to
equal a constant system attrition rate (the system output). In addition,
all management goals would be met. These goals are explained in the
model description. It should be reemphasized at this point that the
baseline force set up in this model is hypothetical.

To initialize the model, consider the force needed to man the mission
aircraft at the levels which will fulfill mission requirements. To com-
pute this, the pilots in job levels three through five are set equal to
the desired crew ratio times the number of aircraft for each level
(Table II). Next, select any reasonable force size for the rated supple-
ment. A reasonable rated supplement size is large enough to support the
supplement requirements to support contingency planning needs, but never
smaller than the minimum viable supplement size of 500. The number
chosen for this hypothetical force is 3,425 pilots.

Also shown in Table Il is the computational scheme for the initial
size of the UPT instructor pilot force given the mission force and sup-
plement sizes. The constant annual attrition rate of 8 percent is shown
on the right. The annual production of accessions is shown on the left.

These equations insure all management goals are met.

51

SER———-



TABLE TII

Initial Equilibrium Job Levels

Force No. of Desired Crew
Area Aircraft Factor JOBI 2/45*J0B1

1 - - 3,425 152.2

2 - - *640 -

3 3,500 1525 4,375 194 .4

4 1,000 3.0 3,000 1133.3

5 900 4.0 3,600 160.0

sum: 15,040 *640.0 i
_____________________________________________________ . B em! el e
i 5
! JOBI(2) x TPINSI = % JOBI(i) x (ANNUAL ATTRITION) (11-1)
i i-1
* 5
' JOBI(2) x 1.88 = & JOBI(i) x (.08) (11-2)
3 i=1
_ 5
i JOBI(2) x 1.80 = JOBI(1) x (.08) + » JOBI(i) x (.08) (11-3)
i=3
‘ 5
! JOBI(2) = JOBI(1) x (2/45) + (2/45 x ¥ JOBI(i)
) i=3
= *640 (11-4)
i where JOBI is the initial condition for the number in each job
’ category and TPINSI is the desired student-to-UPT instructor rates.
*The sum is equal to JOBI(2).
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Now, the rest of the level equations in the model can be initialized.

These equations are given in Table III. The quarterly attrition rate and
average time in job constants are system goals. The average time in
training for each category was derived from command training requirements
and is a gross average for all training and aircraft in each category. It
includes all the time rquired for travel, in-processing, local base level
training, and other delays that exist in the system. The figures in the
levels represent pilots, but the continuous nature of the systems dynamics
methodology causes fractions to be computed.

Next, examine the equations in Table II. It is evident that in equi-
librium any increase in the annual attrition rate will require a larger
number of UPT instructor pilots, JOB(2), if the desired UPT student-to-
instructor ratio, TPINSI, is maintained. From Eq (II1-3), Table II, it
can be seen that an increase in the desired value of TPINSI will decrease
the number of instructors required (and vice versa).

Examination of Table III also leads to some relevant conclusions.

The percentage of the total pilot force in the assignment window and
training pipeline is quite large—over 21 percent. Thus, a significant
part of this hypothetical pilot force is in the reassignment pipeline and
represents a loss of useful manpower to the system. The relationships of
all the variables are very evident when all others are held constant.
However, very little intuition is required to see that when these vari-
ables and others in the system begin to vary simultaneously in different B
directions it is impossible to tell what outcomes will result. This is
one of the main reasons to use the systems dynamics approach. Appendix B

contains an example of the model run in equilibrium, followed by a com-

plete listing of the model.
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Build-Up Analysis. There are four specific situations that have

been simulated for analysis: force build-up, force draw-down; a combi-
nation resembling the Korean War to present, and increased force attri-
tion. A force build-up scenario is simulated to compare with the change
in force size requirement experienced in the 1965 to 1967 time frame.
During that period, the Vietnam build-up increased pilot resource require-
ments by about 9,000. The simulation actually sets as a goal the doubling
of the mission pilot force. This is allowed by increasing the imposed
force ceiling by 10,975 and doubling the authorized flying hours. This
assumes no large acquisitions of aircraft for a limited conflict. The
pilot force is increased on this basis, and no other model parameters are
changed. The decision to build-up is inserted between the fourth and
fifth quarters of the simulation. See Appendix C for the model output of
the simulation.

The number of pilots in rated supplement drops very rapidly as the
need for more pilots begins. The number goes from 3,425 to 753 in the
first year and down to 385 the next year:; its minimum is 318 in the
third year. The level of pilots in the rated supplement oscillates at
about four and one-half year intervals twice and dampens to equilibrium
13 years after the initial perturbation. The supplement seems to fit
its role very well. It does not build up again because of the limits
imposed on the force ceiling and, in fact, it goes to the ninimum viable
level for the rated supplement (500).

The UPT instructor force reacts in the opposite direction from the
rated supplement. Initially, it builds up in order to cope with the

increased production requirements that are imposed. It attains a maximum




of 2,990 instructor pilots about 3 years after the new requirements are

imposed; it then drops to its minimum viable level (400) in about 7 years
and stabilizes at about 995 in 13 years after the build-up decision. The
instructor force reacts consistently with our expectations. It increases
to fill added needs and stabilizes to maintain the increased attrition
implicit in the increased force level.

The three mission force levels all react in the same manner. They
build quickly as the rated supplement is depleted to support the build-up.
Then, their rate of growth decreases until the UPT instructor force is
able to impact force growth. This takes two and one-half years. Then
the mission force grows rapidly, overshoots its equilibrium value slightly,
and finally reaches equilibrium about eight years after the initial

build-up input. The final equilibrium values are listed in Table IV.

TABLE 1V

Force Build-up Equilibrium Values

Final Level Original Level
Rated Supplement 456 3,425
UPT IP 995 640
FR 8,743 4,375
BT 5,995 3,000 |
C 7,194 3,600
Total 23,383 15,040 ;
Total Force 30,040 19,065 !

Since the force ceiling was raised by 10,975 pilots, the desired mission

force levels are slightly greater than the equilibrium force levels.
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This occurs because the mission force is allotted only a proportional
share of the available pilot resources when there are not adequate pilot
resources to fill all needs. In this case, the rated supplement is
driven below the minimum viable level. This unfulfilled need causes the
smaller percentages to be allotted to the mission job categories. Some
mission capabilities are sacrificed in this situation. A corrective
action would be to raise the force ceiling.

The plot of training levels seems to react as expected. A dip in
the number in training occurs two or three quarters after the force
build-up decision. This is the time when the rated supplement inputs
play-out, and UPT input has not yet caught up. The cause of the UPT
delay is more easily seen on the next plot.

The delay between the decision to recruit more UPT entrants and
when the graduation rate catches up is about two years. UPT class sizes
are budgeted two years in advance. The course is then one year long;
therefore, the delay used here allows for a good deal of flexibility for
graduating different quality pilots. If quality constraints are firm,
then the budgeting process will have to become more flexible. The
author assumes either of these techniques could be applied. The large
fluctuation in the student-to-instructor ratio is a noteworthy charac-
teristic of a sudden force requirement change.

The last plot shows the relationship of crew ratios to desired crew
ratios. It takes five years for crew ratios to reach the desired levels.
This indicates individual pilots would be flying much more than peace
time goals. The maximum hours flown per pilot in a quarter is 80

(HFPP(CAT)). This is far from any imposed limit.
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Table V gives the cost comparison for this change from equilibrium.
The cost is given through the ten-year point and accounts only for the
factors discussed in the cost module section. It is not conceivable this
type of force change would last for ten years. After even one or two

years, other major force structure changes would have to be made.

TABLE V

Cost of Force Build-up Scenario

] Cost in ( 2 years 5 years 10 years

|

£ |
Millhions ™ or T beosT | T0T | DCosT | ToT DCOST

| SEESETEESEE SRR

Equilibrium 2,086 | 1,998 | 10,482 | 8,262 | 20,964 | 13,272
Build-up 2,09 | 1,998 | 12,261 | 9,443 | 30,199 | 18,161
Added Cost - = 1ef79 | 1,181 8,235 4,889

|
|
|

Comparing costs in this scenario serves mainly to introduce the magnitudes
under consideration. A feeling for the change in cost of pilot resources
appears realistic based on current factors.

This simulation verifies succinctly the several modes of behavior
exhibited by the model and the system. It shows the importance of the
imposed force ceiling and demonstrates the behavior of the allocation
logic in the model. Not only does the distribution of pilot resources
work correctly, but the job categories all behave as system logic requires.

Draw-Down Analysis. The force draw-down scenario simulates a force

reduction from 30,053 to 19,065. It represents a decision to reduce the
total pilot force. This is accomplished by reducing the desired force
size by 10,988 pilots and simultaneously reducing the number of aircraft

by one-half. The total allotted flying hours are reduced by one-half to
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adjust the flying hours to the number of aircraft and force size. The

resulting force is comparable to the equilibrium force previously dis-
cussed.

The mission force is cut by one-half from equilibrium manning levels.
The UPT instructor level is in equilibrium for the beginning force size.
The rated supplement is near a minimum, as it would be at the end of a
conflict period. The decision is made between the fourth and fifth
quarters to reduce the force.

Appendix D presents the results of the simulation. The total force
experiences about 12 percent per year attrition and in about 12 years
reaches the desired level. The mission force drops to desired levels
within a year and a-half with a slight undershoot initially, and the UPT
instructor force drops to nearly a minimum viable lTevel in the same
period. The rated supplement builds rapidly as it is designed to do;
however, as the mission force levels out, the rated supplement attrition
begins to drop the total force level. The majority of the force reduc-
tion comes from the supplement after one to two years. This continues
until the total force size is small enough to allow the desired force
size in the supplement to increase to the equilibrium point. Note that
at this time the UPT instructor force and rated suppliement begin dampened
oscillations with five-year periodicity into equilibrium. The UPT instruc-
tor force begins an upswing just less than two"years after the rated sup-
plement, which reflects the delays caused by budgetary planning policies
in pilot production.

The system manages the reduction in force quite well. The rated
supplement and UPT instructor force vary as they were designed to do in

order to maintain the desired force levels. The oscillations in the
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system levels are the result of information and training delays
inherent in the system.

The next two plots in Appendix D shcw the changes in the numbers
in the assignment window, training, recruiting, and UPT production
levels. Initially, after the force draw-down decision, few pilots are
trained in these categories; after about two years, the training rates
again stabilize to maintain an experienced force. Flow rates into the
rated supplement vary with the size of the supplement, as observed
during real force draw-downs. The training rates for the UPT instructor
pilot force change as needed to provide a force in equilibrium. Finally,
desired crew ratios are established and maintained within two years.

The costs of the draw-down simulation are compared to a simulation
of maintaining the original force in equilibrium. Figure 17 gives a
simple representation of the total cumulative cost differences. Appen-
dix E presents the results of the equilibrium simulation for this force
before draw-down for a 25-year period.

The total cumulative cost of the draw-down scenario is higher than
the cost of maintaining the original force in equilibrium until the
20-year point for total cost and beyond 25 years for total discounted
cost. That is, no money is saved initially by reducing total force
size; it is not an economy measure. The added training and attrition
costs offset the savings in salary when the pilot force is cut back. One
thing that biases this result is the fact that the cost module does not
include retirement costs.

Historical Simulation Analysis. The third situation simulates the
pilot force posture from 1957 to the present time. The force require-

ment and actual inventory are depicted graphically in Figure 18. The
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force requirement draws down through 1965, experiences the Vietnam
build-up to 1967, and then draws down to its current level. The actual
inventory generally lags by about one and one-half years and seems to
react to the increased Vietnam force requirements with a five-year lag.

The simulation was accomplished by initializing the five job cate-
gories at 9,000, 1,155, 13,125, 9,000, and 10,800, respectively. This
generates an initial total force of 54,747 which is near the actual 1957
level. This simulates a force beginning to draw-down. The desired force
ceiling was approximately 57,300; and this is set into force ceiling as
the model is initialized. The force ceiling, mission aircraft, and
allotted flying hours are then changed proportionately to follow a force
size profile near to the requirement shown in Figure 18. The simulation
results are given in Appendix F.

The levels throughout the simulation react as described in the
build-up and draw-down situations. Using this scenario, the ability of
the model to simulate the historical system behavior can be tested. The
actual pilot requirements and actual inventories are plotted with the
simulation results in Figure 18. The model output follows the actual
inventories very well. Initially it lags slightly behind, and as simu-
lation time increases the lag becomes greater. The Vietnam build-up
is seen earlier than the actual system variation. This is not surprising
since decision-making and action time delays are often underestimated in
modeling. Also, the Tevel aggregation in the model tends to cause the
natural periods of the model to be shorter than the actual system. The
relative magnitude of the Vietnam build-up in the simulation is slightly
larger than shown by the actual system. The significant point is that the

model reacted properly. The actual magnitude of the change is not as
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important. The usefulness of the PP/AMM model is more dependent on the
proper mode of reaction than the specific magnitude of the reaction.
The model is designed as a management tool for policy analysis and not
as a tool for forecasting force sizes.

The model output in the appendix also demonstrates how the system
maintains a fairly stable desired mission force. The rated supplement
and UPT instructor force in the model respond as they have in the real
system. Some difference between the model behavior and real world system
behavior is to be expected, deriving from background "noise" in the real
world system. The important fact is the model is not meant to predict
the future but to represent the behavioral characteristics of the real
system under a given policy structure.

Attrition Analysis. The fourth situation is actually a series of
computer runs to show the effect of increasing attrition on the system.
They are presented in Appendix G. The step increase makes the changes
in the system more visible. The system reaction is the same in all
cases with Targer changes as the attrition rate increases. Etach time
the system equilibrates with all job categories, except the UPT instruc-
tors, increasing to maintain the desired total force size. The number
in training, including UPT students, oscillates for about ten years.

A sudden change in the system, as presented here, is not likely;
however, a possibility exists for this to happen if drastic policy
changes occur. The costs are initially lower when attrition is increased,
but they always become greater cumulatively after three to seven years if
desired force levels are maintained. The initial savings is due to less
salary cost when the force is below the desired level. However, a short
fall in the mission force may be unacceptable even if it produces some

savings.
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Probably the most important point to notice from this situation is :
how the number of pilots in jobs decreases as attrition increases. That
is, higher attrition rates force the system to put more pilots in the
assignment window and in training to preserve equilibrium. Since the

desired force size is maintained, less pilots are available to fill jobs

(Figure 19). The number in the three mission categories is the same in
each case since the model will fill the mission jobs whenever possible.
The changes are in the rated supplement and UPT instructor force; the
change in the total number of pilots available for jobs can be seen as
the sum of the changes in these two job categories. As attrition
increases one percent, the rated supplement is reduced by about six
hundred pilots, and the UPT instructor force required is increased by
about three hundred. The net loss to the job force is about three hun- 3
dred pilots. The increased attrition has drawn pilots from the rated
supplement to fill additional instructor positions, and more pilots are
required to be in training at all times to fill additional job openings

forced by the attrition.

Policy Forecasting Analysis
Forecasting is actually highly subjective; it is based on skill,
experience, and judgement. It is an attempt by a decision-maker to

detect future events. No information about the future can be certain.

e et e e e e i

The uncertainty associated with forecasted information implies the infor-
mation may not be useful. In fact, forecasted information can influence
a system negatively.

Usually, a forecast is accomplished by assuming the information

about the behavior of the recent past is persistent. Trends or behavior ,
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found in this information are extrapolated into the future. The method
used to forecast in the PP/AMM is described in Appendix L of J. W.

Forrester's Industrial Dyanmics.

For this analysis, random noise was introduced into the equilibrium
model in the attrition outflow. The attrition outflow is varied via a
random, uniform distribution within the limits of +10 percent. In addi-
tion, the attrition rate was doubled at the 48-quarter point to introduce
a perturbation for analysis.

Noise is the effect of random and unpredictable external factors on

a system. It exists in all decision points in any system (Ref 3:108).

The decision functions in the model have been simplified as a matter of
modeling necessity. Factors with only a slight influence on variables
that are part of the system and external factors independent of the real
system have been left out. Noise simulates the addition of these factors.
For a discussion of the NOISE function, see the DYNAMO User's Manual.

The simulation results are presented in Appendix H.

The effect of noise on the model is minimal. It remains very stable
and exhibits 1ittle change from previous runs without noise. The model 1
reacts the same to the doubling of attrition with or without the effect
of noise. For example, the magnitude of the change in total force varies

less than 0.2 percent at the point of maximum difference. The periods

within the system do not change nor do the relationships between any of
the variables in the model. This indicates the pilot production alloca-
tion system is a very flexible and effectively managed system.

In order to provide an example of policy change and forecasting,
information for projected attrition, PATT, is replaced by forecasted

attrition, FATT. Then, forecasted attrition is used to determino
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desired UPT class size, DCSIZE, and programmed minus actual force size,

FORCE. The attrition in the last two quarters is used to forecast attri-
tion forward four quarters from the present time.

The effect of the forecasted information is shown in Appendix I.
The model reacts to noise and doubled attrition approximately as before,
and the equilibrium values are essentially the same. When attrition
doubles, the number in total force drops and then rises past the desired
level, then oscillates back into equilibrium. However, in the simulation
using forecasted information, the total force drops to only about 90 per-
cent, as low as previous simulations, and returns through the desired
force level in three years (one year prior to the previous simulations).
[t overshoots the desired force level by more than five times the previous
simulations, but then stabilizes with smaller deviations than noted earlier.
The number of pilots in the core forces goes lower in the simulation using
forecasted information while the supplement and the UPT instructor forces
remain larger than before.

The system cost using forecasted information is higher primarily
since more pilots are recruited and trained. Even the discounted cost
at 25 years is $100 million greater in the simulation with forecasted
attrition.

Thus, forecasting information (with the technique used) does not
seem to be worthwhile in this case. Increased costs, smaller numbers in
the mission force, a greater overshoot of the desired total force level,
and the uncertainty associated with forecasting overshadow the quicker

reaction back to the desired total force level. Analysis of other types

of forecasting techniques are beyond the scope of this thesis.




IV. Conclusions and Recommendations

In this chapter, the model is summarized briefly and its usefulness
as a management tool is described. The conclusions derived from the
research are stated and, finally, some recommendations for further study

are suggested.

Model Summary

The PP/AMM maintains the pilot force so that the required primary
mission forces are filled to the maximum extent possible. The rated
supplement is to reduce any short-fall within the core forces as soon as
possible. The supplement holds excess pilot resources when they are
available, and, of course, a certain number of pilots are necessary in
the supplement to fulfill the requirements for contingency planning.
The UPT instructor force is maintained to provide the ability to replace
pilot attrition and to provide new pilots for increased needs within the
system. The system includes the pilots in these jobs and pilots in the
assignment/training pipeline. In order to sustain such a complex system,
a large number of pilots are always in the pipeline. The pipeline aggre-
gates delays for processing, travel, training, and leave. The model
represents the actual pilot production and allocation system of the Air

Force.

Model Usefulness

The PP/AMM shows the pilot production and allocation system to be a
very well-managed resilient system under a wide variety of external
influences. It equilibrates when the system is impacted by even large

changes in attrition. Further, it behaves very well when impacted by
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noise. The analysis shows the model's reaction to force build-up,

draw-down, and increased attrition. The analysis demonstrates the
model's ability to capture the essence of the system changes over a

long span of time such as from the end of the Korean War to the present.
Analysis of the model demonstrated an exampie of how it can be used as a
management tool to evaluate the effect of policy changes within the
actual system. The model will provide information for system managers
at a very small cost. Probably the best argument for using this model
as an aid to management analysis is the cost, in terms of dollars and
time, of applying it. Managers can have results for two or three dollars
of computer time and a few hours of work by an analyst. This cost is
negligible when compared to the cost of training just one pilot (about

five hundred thousand dollars).

Conclusions

The UPT student-to-instructor ratio is a very important factor in
accomplishing system goals. The model is very sensitive to changes in
this ratio, which suggests its importance in maintaining the systems
stability. The rated supplement is effective in filling needs and accept-
ing overflows. Also, the ability of the UPT instructor pilot to accept a
four-fold range of student load enhances the stability of the system.
This indicates UPT training plans must be kept flexible in the future.
Ratios that are extreme should be a flag for management concern.

The importance of the rated supplement is demonstrated in this
analysis. The number of pilots in the Air Force is decreasing to a
point where the rated supplement is becoming depleted. The Korean War
surplus is gone, and pilot attrition is increasing. Yet, a viable sup-

plement is essential to support the mission of the Air Force. The
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ability to react quickly to increased mission requirements is tied to

the rated supplement. The time has come for system managers to care-

fully examine the policy options available for management of aggregate
force levels.

The PP/AMM is useful to managers to evaluate the cost implications
of proposed policy changes. It is no surprise that system costs are
extremely high. The model demonstrated that any movement out of equi-
librium increases system cost. The greatest cost of force reductions

could be the reduced ability to perform the mission.

Recommendations

The first recommendation is to apply the PP/AMM to more specific

problems of management interest. The author feels it will be useful as
an aid in the formation of management policy in areas such as stabilizing
the size of the UPT instructor force and desired UPT class size.

The final recommendation is that further research be performed to
enhance the capability of the model. The PP/AMM should be modified to
allow it to aid in the analysis of the absorbtion problem. In particu-
lar, content must be added to account for the force experience mix. The
absorbtion problem is a very complex one that is impacted by the fore-

casted increasing attrition rates. This model, when updated, will be

applicable to a study of management policy in this area.
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APPENDIX A

DCRATIO (4) AND (5)
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APPENDIX A

DCRATIO (4) and (5) ’ }

DCRATIO (4) and (5) are presented in this appendix. The reasoning
is the same as for DCRATIO (3) which is explained starting on page 35
of the text.

CRT4 represents bomber and tanker resources. Average crew ratios

are 1.5, and there are two pilots per aircraft (1.5 x 2 = 3).
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Figure 20. Crew Factor Diagram Bomber/Tanker
A DCRATIO.K(4) = TABHL(CRT4,PHPA.K(4),0,150,25) (67)
where
DCRATIO = desired crew ratio to fly programmed hours
CRT4 = crew table bombers
PHPA = programmed flying hours per aircraft
T CRT4 = 0/2/2.75/3/3.25/4/6 (67.1)
where

CRT4 = crew table bombers
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CRT5 represents transport resources. Average crew ratios are 2.0,

and the two pilots per aircraft (2.0 x 2.0 = 4.0).
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Figure 21. Crew Factor Diagram Transport
A DCRATIO.K(5) = TABHL(CRT5,PHPA.K(5),0,240,40) (68)
where
DCRATIO = desired crew ratio to fly programmed aircraft
CRT5 = crew table transports
PHPA = programmed flying hours
¥ CRT5 = 0/3/3.75/4/4.25/5/8 (68.1)
where

CRT5 = crew table transports
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APPENDIX B

Normal Equilibirum and Program Listing

The first part of this appendix prints the model output every
fourth quarter. The variables are listed first and the scales are
next at E.00. If there were changes initiated when the computer run
was made, they would be listed first; then a series of plots of the
variables across time follows.

In this appendix, the entire model listing follows the computer
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