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PREFACE

This report was prepared as part of Rand's Manpower, Personneil,
and Training Program, sponsored by the United States Air Force. It
presents work done under the Supply and Retention of Air Force OIfi-
cers project. The work was initiated at the request of the Deputy
Chief of Staff/Personnel, Headquarters U.S. Air Force, and is designed
to assist the Air Force in achieving stable accession and training
rates, smooth career progression, and control of officer inventory
by vear group. This report is part of a planned series that ex-

amines the impact of changes in personnel policy on the supply and

)

retention of officers and on the number and flow c¢i officers by com-
ponent, years of service, source of commission, and aercnautical
rating.

The Officer IForce Grade Limitations iicdel described here is ons
cf a set cf computer-based models designed tc provide personnel plan-
ners with detailed cfficer inventories and flows reilecting the =
fects cof policies and conditions that they may wish to investicate.
The actual computer program is available upon request to The Rand
Corporation.

The planned series of Rand reports will include the following

tentative titles:
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The ability to manage U.S. Air Force personnel in general, and
officers in particular, is important because people represent the Air
Force's most critical resource. Personnel costs have increased to the
point where they constitute more than 50 percent of each annual Air
Force or Defense budget.

The series of reports listed above will describe a system of of-
ficer personnel planning models designed to provide detailed, broadly
based aggregated data for use by Air Force personnel planners in man-

aging the Air Force officer force.
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SUMMARY

The Officer Grade Limitations »odel, described here, was developec
at Rand as part of a series of Officer Force Structure Models; the
other models are separately documented. The grade limitaticns model,
like two of the others, is a steady-state model of the U.S. Air Force
Officer Force Structure. By 'steady-state' we mean 'governed by the
assumption that the force structure does not change from year tc year,
i.e., that accessicns, loss rates, movements of officers, and inven-
tories of officers remain constant from one year to the next, keeping
the force in equilibrium.”

In its computations, the model divides the force intc states,
each of which is defined by a unique set of the officers' attributes
of grade, rating, source of commission, component, and year of service.
The movements of officers from state to state: promotions, augmenta-

tions, rating transfers, etc.; are known as "flows." The inputs to
the model, which include loss rates, descriptive parameters for the
other types of flows, and grade authorizations, are all giver in terms
of the five attributes which define states.

The grade limitations model is unique in having the grade authori-

zations (number of officers in each grade) as inputs. Eather than

taking accessions, promotion opportunities, etc., and computing from

rr

are

m

these inputs what the grade authorizations shculd be, this mccel s

3]
n

with the grade autherizations and detesrmines what the yearly accessicz
promotion opportunities, etc., would have to bz in order tc me=t ths
desired grade authorizations. This is an unusual approach to manpewer
modeling, which can be very useful in determining long-term policy
when grade authorizations are imposed upon the Air Force plamner b
some outside authority (Congress, for example), and in solving other
problems related to grade size.

In order to use grade authorizations as an input, the model must
perform the calculations of the number of officers per state and the
flows between them in a somewhat ''backward” fashion (in fact the grade

limitations model is sometimes referred to as the 'backward model').
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Instead of starting with yearly accessions and flowing them through

the system first as lieutenants, then as captains, and on to the higher
grades, the model starts with the authorized number of colonels and,
after determining how many of them are lost to the service, replaces
them with an equal number of promotions from the lieutenant colonel
grade to maintain equilibrium. Tt then replaces these lieutenant
colonels (and those who are lost to the service) with majicrs in such

a way as to preserve the grade authorization for lieutenant colenels.
In this manner, the model builds the officer force structure backwerds,
beginning with the highest grade of colonel* and going back to lizu-
tenants. When the model has computed the number of cfficers who need
tc become lieutenants each year, the yearly accessions are known.

The cutputs from the model show cificer inventories, the flows
into and out of the states, and various other properties of the fovce
structure just computed. All of these outputs can be obtained in great
detail, i.e., for any combination of the five officer attributes, cv
aggregated across certain attributes. In addition, the grade limits-
tions medel includes a statistical package referred tc as the “Goodnzss
Measure Package" which gives probabilities of taking certain paths
through the officer structure (e.g., probability of promction) and the
mean extent of these paths. The purpose of these cutputs is to aid the

personnel planner in evaluating the desirability of such a fcrce.

*
General officers may be included with colonels.
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I. INTRODUCTION

The management of U.S. Air Force personnel in general, and offi-
cers in particular, is an increasingly important problem. Over the
years personnel costs have been increasing steadily until now they
constitute more than 50 percent of the Air Force and Defense Depart-
ment budgets. Moreover, since, in a military environment, there is
virtually no lateral entry into the higher ranks, personnel management
at low levels is a very important consideration for the Air Force.

", . . the services must acquire future senior officers at the initial
entry level and then provide them with the military training, education
and experience they cannot gain elsewhere. This requires an extremely
long-range approach to officer personnel management since what is dome
today will have repercussions thirty years or more in the future.”*

The Air Force has long been plagued with personnel problems arising

from officer management policies which addressed problems in the near

term but neglected problems in the long term. Such policies have

(bW

created an unstable force structure often necessitating drastic an
undesirable policy actions such as reductions in force, and making it
difficult to meet requirements for an effective and efficient Air Force
officer force. 'Humps and valleys' created during the Korean VWar are
still with us, and they demonstrate the need for a smocth and even
transition from one type of policy to another.

Projects such as Rand's Supply and Retention of Officers project,
for which this repcrt was written, are concerned with long-range ef-
fects of varicus policy actions and are designed to aid the Air Force
in achieving and maintaining a stable and efficient officer force
structure.

The Air Force has been an innovator in the development of long-

term planning of officer force structure policy through the use of

computer models and a system approach to personnel management. Initizl

* . &
Quotation from an undated draft from the Office of the U.S. Secre-

tary of Defense.



Air Force work in this area is recorded in the several volumzs of Tie
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amel Plan. Specifically, volume twe, "Officer Structure

i

.~

ol >,
[N cre

ty

(TOPLINE) 1971," describes the philosophy and computer models that
apply to the cfficer force structure. (TOPLINE is a short title fox
Total Officer Personnel objective structure for the line officer
force.) The set of officer force personnel planning models, of which
the Grade Limitations Model is a part, was developed as a continuation
of such modeling efforts.

Basically, there are three types of perscnnel meodels that cculd

be used by the Air Force, each with its own cencept and indivicdual uses:

1. Steady-state (or static). Steady-state personnel plan-

ning models are used to study long-~range personnel objectives as
well as to examine the effects of changes in various personnel
policy parameters. These models assume that, for long-term plan-
ning purposes, ideal and steady-state conditions will apply.
Steady—-state conditions are hypothetical and imply that loss
rates and other planning factors do not change from year to year.
The resulting cfficer force structure is in equilibrium, implying
that the size and shape cof the officer force structure within
such models is not dependent on time.

The TOPLINE static personnel pianning model is used by Hzad-
quarters USAT tc develop its long-range objective officer struc~
ture. DOPMS+ is ancther, more recently developed, static mod=sl
which allows the personnel planner more flexibilityv than TCPLINE.
In addition to their usefulness as tools in designing long-term
objectives, static models can also test the effects of changes
in various policy variables and give policy planners a concept
of the overall long-term effects of personnel policies. As a

result, although the static nature of the models keeps them from

o

Department of the Air Force, 7he USAF Perecnnel FPlan, Vol. I,
Pereonnel Management Objectives, Washington, D.C., January 1970. (For
Official Use Only.)

"DOPMS is a short title for Defense Officer Personnel Management
System, which includes both a static and a dynamic model.



representing actual conditions, they can be very useful as a means
of evaluating the long-term impacts of a personnel policy or pro-
posed changes in such a policy.

2. Dynamic. Dynamic models, such as the TOPLINE and DOPMS
dynamic personnel planning models (sisters of the TOPLINE and
DOPMS static models), are used to study the short-term effects of
a given personnel policy. These models apply a given policy to
today's force to show the planner the direction in which such a
policy would take the force were it applied right away. Actually,
the policy is applied more than once, to each successive officer
structure, so that the planner can see where it would take the
force were it adopted now and used for a given number of years.

3. Transition. Transition models aid the planner in moving
today's force toward a specified objective over a given number of
years. Whereas dynamic models successively apply a given policy
to today's force to see where that policy leads (it may not lead
to a desirable force structure in an acceptable span of time),
transition models take today's force, a long-term objective, and
a target year; the model then determines what policies should be
adopted each year to reach the objective by the target year.
While a steady-state model will identify the policy that will

maintain a desirable force structure once it has been reached,

a transition model allows the planner to investigate alternative
ways of moving toward that force objective beginning with todav's

officer inventory and policies.

Although transition models may well be the most useful of the
three types, very little work has, as yet, gone into developing one.
Building transition models is considerably more difficult than build-
ing either steady-state or dynamic models. Recently, however, with
the knowledge gained by developing the steady-state models discussed
in this report, the transition model has begun to look quite tractable.
The next phase of the Supply and Retention of Officers Project will be
to add a transition model to the set of officer force personnel plan~

ning models described below. A good understanding of steady-state



models is an important first step, because a transition model must be
supplied with an objective for the officer force structure. Steady-
state models are developed primarily to aid planners in designing and
evaluating officer structure objectives. They have been quite success-
ful and useful and are necessary tools for determining the inputs to a

transition model.

OVERVIEW OF THE OFFICER FORCE PERSONNEL PLANNING MODELS

At the request of the Air Force's Deputy Chief of Staff, Person-
nel, Rand is developing a system, or family, of officer force person-
nel planning models to supplement and extend the TOPLINE and DOPMS
static personnel planning models. These models provide increased capa-
bility to analyze the long-range effects on the officer force structure
of changes in policy or in external or environmental influences. This
gsystem of officer force planning models is described in this and com-

panion reports and includes the following computer models:

o Officer force progression model (short title: progression
model)

o} Constrained officer force progression model (short title:
constraints model)

o} Officer grade limitations model (short title: grade limita-
tions model)

o Officer force behavioral model (short title: behavioral
model)

0 Officer force transition model (short title: transition

model, under development)

This system of models is useful in providing increased planning capa-

bilities by:

o) Defining a more detailed force structure both in terms of
inputs and outputs. This allows for a considerably increased
amount of policy flexibility,

o Allowing for interaction of changes in policies, officer
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behavior and the officer structure, and

o Providing for the impact of grade limitations.

The first four models in this system were designed to be used
together as well as separately. Each one adds its own special dimen-
sion to officer force planning. The first two models, the progression
and constraints models, are similar in outlook. Like TOPLINE and
DOPMS, they take a cohort of entering officers and flow them through
the system, promoting and attriting them and augmenting the regular
force with reserves according to a given set of policies. Mathemati-
cally, they begin with the lowest grade of lieutenant and apply loss
rates and policy factors such as promotion opportunity, in order to
determine the structure of the next grade, captain. The process is
repeated until all the grades have been structured, the structure of
each grade depending upon that of the grades below it. These models
are unconstrained by grade limitations, i.e., the number of officers
allowed in each grade is free to vary. Their purpose is to present
the user with the steady-state implications of the set of Air Force
policies specified as inputs. Their outputs include grade limitations,
officer inventories by attribute (grade, rating, etc.) and the number
of promotions, losses, and other flows within the officer structure.

The difference between the progression and constraints models is
that with the constraints model the user can also specify the total
force size, the number of regular officers in the force, the number
of pilots, the number of navigators, and the career reserve require-
ments. While the progression model's inputs include Academy, ROTC
and 0TS vearly accessions, the constraints model is given only Academy
and ROTC accessions and may vary OTS accessions as needed to satisfy
the added constraints.

The third model, the grade limitations model, looks at the offi-
cer force from a point of view unlike the other models. Rather than
beginning with yearly accessions and moving them chronologically for-
ward through the system according to a given set of policies, the
grade limitations model begins with the grade limitations and deter-
mines the accessions and policies required to maintain the proper

number of officers in each grade in a steady-state condition.



The purpose of the grade limitations model is to aid the Air
Force in solving grade-size related problems. The Air Force is often
faced with a set of officer grade limitations imposed upon it by
Congress or some other authority, and the grade limitations model can
help in determining the implications of these requirements. Outputs
include yearly accessions, officer inventories, the flows within the
structure, and the policy which generates the structure. By ''policy”
we mean the promotion opportunities, augmentation rates, etc., which
determine the flows of officers through the force structure.

To compute a structure and policy in keeping with the grade limi-
tations, the model must begin with the highest grade of colonels* and
work its way back to the lowest grade of lieutenant. The reason for
this "‘backward" approach is that all movements of officers take place
to fill up vacancies in higher grades. This implies that flows of
officers out of a grade determine flows into it and that the flows out
must be known before the flows in can be calculated. All vacancies in
the highest grade result from losses to the force and not from promo-
tions. Since losses can be computed from the input grade limitation
and loss rates, colonel vacancies are known before any other calcula-
tions take place. This determines the flows into the grade of colonel
which is the same as the flows out of lieutenant colonel. In this
manner, the model works its way to lieutenants with the final calcula-
tion being the yearly accessions into lieutenant needed to maintain
the computed force structure.

Steady-state deterministic simulation models, such as the three
just described, are driven by loss rates, which are the fractions of
officers from each state who leave the Air Force each year. If the
rates are unrealistic or inaccurate, the outputs may be inaccurate.
Obtaining accurate loss rates has always seriously plagued analysts
who desired to use personnel planning models. The fourth model of
the officer force personnel planning system, the behavioral model,
predicts loss rates as a function of changes in the promotion and

augmentation policies and in such external factors as officer's pay

* .
General officers may be included in the colonel inventory.



and expected civilian pay. ''A major assumption employed in the model
is that officers base their expectations about the promotion system

on the current experiences of officers more senior in years of service.
Given this assumption, the logical prcocess is to estimate the probabil-
ities of promotion, augmentation, and . . . [losses] . . . by year of
service.”7‘< These probabilities are used to derive the loss rates.

The behavioral model adds considerable power to the planning sys-
tem and increases the usefulness of the other three models by provid-
ing reasonable loss rates based on realistic conditions. Since loss
rates are influenced by the officer force structure and the officer
force structure is, in turn, affected by the loss rates, the models
can be used to iterate until convergence is reached. This is done by
running the behavioral model and using the predicted loss rates as an
input to one of the steady-state models. The resulting officer force
is then made an input to the behavioral model and a new set of loss
rates obtained. This continues until a mutually consistent set of
perscnnel policies and loss rates is achieved.

These four mocdels make excellent tools for studying the long-term
officer force management problem. Such study is especially important
since, as a result of the long-lasting effects of policy decisions,
the long-run situation, including objectives and policy interactions,
must be thoroughly understood before the solution of short-term per-
sonnel problems is attempted. Once the long-term has been studied
and an officer force objective decided upon, the personnel planner
could use a fifth officer force planning mode, the transition model,
to help him in making the short-term policy decisions which both meet
today's requirements and move the force toward the desired objective.
The transition model, like the other models, will be designed with
ease of mutual interaction in mind. The most obvious comnection be-
tween the transition model and the other models is that the force
objective of the transition model will come from one of the three

steady-state models. In addition, as the transition model moves

o By Sl 207, unpublished report, 1874,



today's force into the future it will interact with the behavioral
model on a yearly basis to adjust loss rates in accordance with the
changing officer force structure and policies.

Perhaps the most powerful feature of the officer force personnel
planning models is their ability to be used in conjunction with each
other. Together, these models provide the personnel planner with tools
to determine the interaction of personnel policies, officer behavior,
and the officer force structure.

The rest of this report will be devoted to a detailed discussion
of the grade limitations model. Section II presents the terminology,
assumptions, and concepts used by the model. Section III summarizes
the mathematical basis of the grade limitations model. It includes a
simple numerical example as well as a discussion of infeasible solu-
tions and how to handle them. In Section IV an added feature of the
grade limitations model, the 'goodness measure' package, is discussed.
The goodness measure package comprises a set of routines which compute
various numerical parameters of the computed officer force (for ex-
ample, the probability of promotion to grade G once grade G-1 has been
reached). The purpose of these statistics is to aid the personnel
planner in making decisions about the relative desirability of the of-
ficer structure just computed. Section V is a very brief concluding
section, followed by a set of appendixes. The appendixes include dis-
cussions of the model's inputs and outputs as well as a presentation

of the mathematics in more detailed than thnt given in Seoction L



II. CONCEPTS AND VOCABULARY

The progression, constraints, and grade limitations models are
steady-state, Markovian, mathematical flow models. The USAF officer
force is a hierarchical system which has characteristics that make it
"susceptible to analysis by Markovian models: (1) entries into mili-
tary systems are made at specific low-level entry points in the hier-
archy; (2) recruits (either officer or enlisted) are essentially un-
differentiated, with specialization occurring as a result of training
and experience that takes place after entry into military life; and
(3) because breaks in service are rarely allowed, the process of move-
ment through the military personnel system becomes a close analogy to
an actuarial, life/death model of life expectancy."* (A basic as-
sumption of Markovian models is that movement depends only on where
an individual is located in the system, and not where he has been.)

The "flow" of personnel through a system may be thought of as
movement from state to state. ''The utility of the concept depends
upon the definition of meaningful subsets of the population under
consideration whose members are differentiated from all other members

of the population. Each member of the population must be a member of
*
one, and only one, state of the system. L

UNDERLYING ASSUMPTIONS

Before getting into the more detailed discussion of the officer
states and movements between them in the Officer Force Planning Models,
it would be useful to list and discuss the assumptions used in the de-

velopment of these models:

0 Academy graduates are regular component officers throughout
their active career. It is possible for Academy graduated
officers to give up their regular status by separating,

y M

* .
J. W. Merck and K. Hall, 4 Markovion Flow Mo
of Movemewnt in Large-Scale Military Perescnnel Siet

poration, R-514-PR, February 1971.

del: The Analye’e
emsg, The Rand Cor-
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joining a reserve unit and being recalled to active duty, for
example, but the possibility of an Academy graduate being
other than a regular component officer is not considered in
these models.

ROTC, OTS, and other non-Academy graduates who become officers
enter the Air Force as reserve lieutenants in their first year
of service. 1In the past, distinguished military graduates
have been awarded regular commissions and have entered active
Air Force duty as regular component officers in their first
year of service. However, this policy has been discontinued,
and the models are constructed accordingly. Also, lateral
entries of officers in their first year of active service with
grade higher than lieutenant are not considered by the models.
Net suspensions or grounding of pilots or navigators is zero,
that is, it is assumed that the number of pilots (or naviga-
tors) leaving flight status exactly equals those returning to
flight status after having been grounded or suspended.
Production of pilots or navigators, i.e., undergraduate pilot
or navigator training, is completed prior to the first year of
service in which lieutenants may be promoted to the grade of
captain. Therefore, in the models, only lieutenants are as-
signed to UPT (or UNT) to become pilots (or navigators).

All officers enter the Air Force as nonrated officers and it
takes approximately one year to obtain an aeronautical rating
of pilot or navigator. From this and the prior assumption,
the models do not permit officers with only one year of ser-
vice to be pilots or navigators, nor do they allow captains
or higher-grade nonrated officers to become pilots or navi-
gators.

All grades of officers that are considered in the models are

temporary rather than permanent grades.

The following attributes and subdivisions are used to group Air

Force line officers into states which are the cells or nodes that form

subsets of the officer force.
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1. Component (C)*: Reserve (l); or Regular (2).

2. Grade (G): Lieutenant (first or second) (1), Captain (2),

Major (3), Lieutenant Colonel (4), Colonel and higher grades

combined (5).

Source of Commission (SC): Academy (1), ROTC (2), and OTS

(formerly SMS-0)/all other (3).

4. Rating (R): Pilot (1), Navigator (2), or Support [nonrated]
(3.

5. Year of Service (Y): 1, 2, ... 35 where "years of service

(U8}

(YOS)™" is synonymous with years of total active federal com-
missioned service, and an officer is in his ith YOS when he
has completed i - 1 but not i years of total active federal
commissioned service. The time unit in the grade limitations
model is one year. Inputs and outputs are in terms of yearly

units.

Figure 1 depicts a schematic representation of the possible states
for officers with ROTC as their source of commission. A similar sche-
matic representation applies for officers with OTS* or Academy source
of commission, except that Academy officers would not be in reserve
states.

Note that in yvear of service 1, only reserve, nonrated lieuten-
ants exist. In the second vear of service, we see the first rated
officers appear as well as the first regular component officers. The
officer flows, i.e., the movement of officers from one state to ancther

are discussed below.

CATEGORIES
For the purposes of this volume we will use the word "category’
to define a group of officers who have the same grade, rating, source
of commission and component, but do not necessarily have the same vears
T %
Symbol representing attribute appears within parentheses.
;Number of parentheses is code for subdivision.

iSMS—O, School of Military Science-Officers, has sincc been re-
named 0TS, Officer Training School, a name used for this school in

earlier years.
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of service. In Fig. 1, for example, each row of states across the page
is a category. All of the computations done by the grade limitations
model are done with respect to categories. For example, each source
of commission is treated entirely separately. The grade limitations
model never locks at an entire grade all at once while performing its
computations. It does, however, aggregate the outputs across attri-
butes in any way desired by the user, as well as provide entirely un-

aggregated, and so, very detailed, outputs.

FLOWS
The grade limitations model and its companion models provide for

the following flows through the Air Force officer system.

o] Losses

o] Rating transfers (nonrated to pilot via undergraduate pilot
training (UPT) or nonrated to navigator via undergraduate
navigator training (UNT) are the only rating transfers in the
model)

o Augmentations (reserve to regular component)

o} Rating transfer and augmentation (both in the same year)

o} Promotions

0 Promotions and augmentations (both in the same vear)

o} Lateral (officer ages one year and does not change category!

Figure 2 illustrates some of these flows for ROTC lieutenants
with up to three years of service. 1In the first year of service all
ROTC officers are reserve nonrated lieutenants (state nrl). From this
state several paths may be taken. The arrows leading nowhere from the
upper right corners of the states indicate losses to the force. The
horizontal arrows (for example, nr, to nr, or RTZ to RT3) indicate

lateral flows. Flows such as nr, to NR, or rt, to RT i.e., from re-

1 2 2 3’
serve to regular, are augmentation flows. 1In the figure, rating trans-

fers (nr, to rt2) and rating transfer/augmentations (nr1 to RT2) are

1
combined for pilots and navigators and are shown simply as transfers
from nonrated to rated. In the models and all their inputs and outputs,

such transfers are alwavs considered separatelv for pilots and navigators.
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Annual
accessions

YOS YOS YOS
1 2 3
nr nr s, - nra Reserve lieutena~:
nonrarec
NR NR Regular liecteng:
nonratec
Reserve lieutenart
e 3 rated
Regular lieutenant
RT =i RT 8
2 3 rated

Fig. 2--Example of lieutenant states and flows in prepromotion
years of service

The only types of flow not shown in the figure are promotions and
promotion/augmentations. A promotion, of course, occurs when an offi-
cer advances from one grade to the next higher grade, say from lieuten-
ant to captain. A promotion/augmentation, similar to a rating transfer/
augmentation, occurs when an officer receives both a promotion and a
regular commission in the same year of service, so that from one vear

to the next both his grade and his component change.

EQUILIBRIUM CONDITION

As was mentioned earlier, the grade limitations model is a steadv-
state, or static, personnel model. In a steady-state svstem the number
flowing into a state equals the number previously in the state and also
equals the number flowing out of the state; that is to say: the number
in the state never varies.

Figure 3 illustrates the equilibrium condition. It shows flows
into and out of a state of ROTC regular pilots and the quantitv in the

state.



Grade | Component | Rating Years of Service {YOS)
(G) (C) (R) - - 10 11 12
CAFT. REG. PILOT Rio
/20
/ ]~ — Losses
MAL. REG. PILOT / P\]O L o —=] Ry 214 N2
7 / \
, A
Promotions in/ / \ \Promofions out

Laterals in / Numbe:r in state, 22
4

Fig. 3--Equilibrium conditions for regular pilot majeors with 11 vears
of service: steady state quantity (22) = flows out = flows in.
Source of commission, ROTC
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ITI. MATHEMATICAL BASIS

The officer grade limitations model is sometimes called the 'back-
ward" model because of the order in which the computations are done
relative to grade. All flows in the officer structure take place to
fill vacancies created by losses or other flows. As a result, the
model must compute the losses and flows out of a grade, say grade G,
and so determine the vacancies to be filled, before it can compute the
number of promotions to be made from grade G - 1 to G. The inputs to
the model give it enough information to determine the number of losses
from a grade. Since the only flows out of the highest grade (that of
colonel):'< are losses, the model can determine the vacancies in that
grade directly from the inputs. The vacancies in colonel determine
the promotion flows out of grade lieutenant colonel which, when com-
bined with the inputs to compute losses from lieutenant colonel deter-
mine the vacancies in lieutenant colonel and so, the flows out of major.
In this "backward"” manner the model works all the way back to the low-
est grade of lieutenant, with the yearly accessions (flows into lieu-
tenant) being the last element of the officer flow structure computed.

In addition tc computing, and outputting, the steady-state officer
structure (that is, the number of officers in every state) and all the
flows or movements of officers within that structure, the grade limi-
tations model alisc computes the personnel policies and accessions nec-
essary to maintain the officer structure with the given grade authori-
zations, loss rates, and other input parameters. Although Appendix C
is a detailed discussion of the grade limitation inputs, it may be
helpful to take a quick look at them before discussing the mathematics

in more detail.
MODEL INPUTS

The distinguishing characteristic of the grade limitations model

is, of course, that grade authorizations are given rather than computed.

e
General officers may be included in the colonel inventory.



Grade authorizations must be provided by component, rating, and source
of commission as well as by grade. 1In fact, all of the inputs must be
given separately for each officer attribute.

Besides the grade authorizations, the model needs:

0 Loss rates.

e} Flow ratios when two or more types* of flow can take place
at the same time.

o Flow distributions for each type of officer flow taking

place.

Flow Ratios

We already know that the grade limitations model uses grade au-
thorizations and loss rates to compute the total number of officers
who should enter a given category each year., Once the model knows
that X officers should become regular captains, how does it know how
many of the total, X, should be promotions from lieutenant and how
many should be augmentations from reserve captains? The flow ratio
of augmentations to promotions for regular captains provides that in-
formation. For example, if X = 100 and the flow ratio is 1:3 (.333),
the model knows that for each augmentation, three promotions should
take place, i.e., the number of augmentations is 25; the number of

promotions is 75, for a total of 100 entries into regular captaincies.

[y

3. . PR + 3 —~
low Distributions

Now the model knows how manv fleows of each tvpe should enter Ui

given categorv. The flow distributions indicate how to civive Uthess

; Vs . o o
shou!ia Lake pPla i} it

ear of service, i.e., how

-

flows up by

each vear of service. To answer this
of flow distrihutions for each tvpe of flow which enters the category.
Take, for example, the 25 augmentations in the previous example. Fig-
ure 4 illustrates how a flow distribution of 0.80 in YOS 4 and 0.20 in

A
]

YOS 5 results In 20 augmentatlons (39 percent ol takin lace ! rorn
g I3

* ] ) -
The attribute which is changing determines the "type’ of flow.



YOS
3 4 5 I3 Total

Reserve captains

25

20 + 5

N\

Regular captains

Flow distribution 0.80 + 0.20 =1.00

Fig. 4--Augmentations resulting from a flow distribution

[

ef 0.8 and 0.2 in service vears 4 and 5

vear 1 to vear 4 and the other 5 augmentations (20 percent oif 257 woin.
from ovear 4 ote wear 5. The sum of each set of flow distributions must
alwavs be 1,00, zince 1 distribution actuallv i tes what

percentage of tle flow tawes place in a plven YOS,

It may seem that coming up with some of these inputs can be rather
difficult, i.e., that the user may have to settle for a poor guess at
what flow ratios and flow distributions would give a desirable force
structure. As was mentioned earlier, because of the interactive capa-
bilities of these models, either of the officer force progression
models can be used in coming up with initial inputs to the grade limi-

tations model.

A SIMPLE EXAMPLE

Before showing the mathematics of the computation method in de-
tail, we present a simplified example of how officer flows are com-
puted in order to give the reader an idea of the basic concepts em-
ployed. We show a force which has only two grades (lieutenants and
captains) and six years of service. The only types of flows are ac—
cessions, promotions, and losses. For simplicity, losses occur only

in the sixth year of service for each grade.
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Since accessions all enter in the first year of service and losses
all leave in the last, the only flow distribution we need is one for
promotions from lieutenant to captain. No flow ratios are needed since
all flows into captain are promotions and all flows into lieutenant are
accessions. The only other input needed is grade limitations. TFor the

example, the inputs are as follows:

- Grade limitations
o 3995 lieutenants
o 805 captains

- Promotion distribution to captain (percent)

o YOS 2 - 1.8
o YOS 3 - 7.3
o YOS 4 - 72.7
o YOS 5 - 18,2

Figure 5 illustrates the situation before we have cetermined the
number of officers in any state. It is known what percentage of the
total promotions to captain (p) takes place in each year of service.
As a result, the model knows how many officers are in each state of
the captain grade with respect to p. The only problem, then, is to
solve for p. ©Note that the number of officers in each state is the
sum of the flows in, and that the sum of the steady states is the
grade limitations for captains (805). It is quite easy to arrive at
the conclusion that p = 275.

Figure 6 shows the next two steps of the computation of the of-
ficer force structure. The top of that figure shows how the force
looks now that the captains have been structured. To complete the
force, we need only compute the grade of lieutenants, and with cap-
tains distributed, we have all the necessary information for doing
so. We know that all of the accessions (a) enter in year one and we
know how many officers leave each state of the lieutenant grade as
promotions to captain. With this information we can compute the num-
ber of officers in each lieutenant state with respect to a; i.e., we

know, at each point, how many of the original, a, accessions are left




INPUTS:

Grade limitations
Lieutenants 3995
Captains 805

Promotion distribution (percent)

YOS 2 1.8
YOS 3 7.3
YOS 4 72.7
YOS 5 18.2
COMPUTATIONS
YOs 1 2 3 4 5 6
== r-"‘/
LTS - I R
| S—— Lo —d
.018p .073p .727p .182p -
p
CAPTS 018p |:218P [ 09151 -0 I 8181 -8180 | ¢ P

p = Total promotions from lieutenant to captain

.018p+.091p + .818p +p+p=2.927p = 805
p=275

Fig. 5--Grade limitation inmputs and computatiors




YOS 1 2 3 4 5 6
a - - - - - - 7
a-275
LTS a a-5 a=-25 a=225 a-275 a-275
5 20 200 A
\\ 75
CAPTS 5 -1 25 225 275 275
a = annual accessions
a+ {(a=5)+ (a=25) + (a=-225) + (a-275) + (a=275) = 3995
a = 800
YOS 1 2 3 4 5 b
800 525/
LTS 800 795 775 575 525 525
5 20 200
275
CAPTS 5 25 225 275 275

Fig. 6--Grade limitation computations:

&

final phase
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as lieutenants after promotions are taken out. Now, since the sum of
all the lieutenant states is the grade limitation for lieutenants
(3995), we can easily determine that a = 800. By substituting 800 for
a in the officer structure we arrive at the final structure shown at

the bottom of Fig. 6.

DERIVATION OF FLOWS 1IN

Since the grade limitations model always computes flows into, and
never computes flows out of, any category, the officer force structure
must be builtup or computed in the opposite direction from the direc-
tion of flows. This means that all nonlieutenant flows must be com-
puted before the lieutenant flows or the model will have no way of
knowing how many officers to promote to captain. Regular officers
must be distributed before reserves so that the model will know how
many reserve officers to augment to regular, and rated lieutenants
must be done before nonrated so that the model will know how many
rating transfers to give nonrated lieutenants. Before the computa-
tions for a given category are performed, all the flows out of that
category are already known.

When computing the flows into a category, the grade limitations
model deals with six separate cases which are distinguished by dif-
ferences in flows-in:

*

1. For non-Academy Regular officers with grade above lieutenant
the flows in are promotions, promotion/augmentations, or aug-
mentations.

2. Tor Reserve or Academy officers with grade above lieutenant
the only flow in is through promotions.

3. For non-Academy Regular rated lieutenants flows in may be rat-
ing transfers, rating transfer/augmentations, or augmentations.

4, TFor Reserve and Academy rated lieutenants the only flows in
are rating transfers.

5. TFor non—Academy Regular nonrated lieutenants the only flows

in are augmentations.

* .
Academy officers are treated differently from other regular offi-

cers because all Academy officers begin with regular commissions, so

no augmentations take place within the Academy source of commission.
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6. TFor Reserve and Academy nonrated lieutenants the only flows-in

are accessions.

The mathematics for computing the flows-in for these six cases 1is

very similar.

In fact,

cases 1 and 3, which both have three types of

flows-in, are identical if promotions are simply called rating trans-

fers in case 3; and the remaining 4 cases share the same mathematics.

In the following equations let:

TPR
TPA
TAU
FDPRY

FDPAY

.
FDALY

Cases 1 and 3.

TPR, TPA, and TAU.

total promotions into the category

total promotion/augmentations into the category
total augmentations into the category

flow distribution for promotions into service year Y
flow distributions for promotion/augmentation into
service year Y

flow distribution for augmentations into service
year Y

steady-state number of officers in service year Y

promotions out of service year Y
loss rate for service year Y
retention rate for service year Y. This is the com-
plement of the loss rate.

grade authorization for the category

flow ratio of promotion/augmentation to promotions
for the category

flow ratio of augmentations to promotions for the

category.

In case 1 we are solving for the three numbers

This is done with three simultaneous equations.

Table 1 shows what the knowns and unknowns are at the beginning of the

computation step for a category in case 1.

KX
w

Note that promotions are

Note that the flow distribution arrays refer to flows into the
node while the actual flow arrays refer to flows out of the node.
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Table 1

TERMS IN EQUATIONS

Knowns
Inputs Previously Computed Unknowns
FDPR ) PR - promotions out TPR - total promotions into
f
FDPA F}ow ‘ ' of each state the category
distributions TPA ' 1 f ;
- T OO 1
FDAU ota promo 10?/
augmentations into
B - Loss rate the category
GRAU - Grade TAU - total augmentations
authorization into the category
RPA | SY — number of officers in
RAU Flow ratios the given category

with Y years of ser-
vice, i.e., number in
state of that category

the only flows out and they were previously computed. The number of
officers flowing out of a category is known before computation for
that category begins. We begin with the number in steady state for
the lowest service year in the category. ©Note that this is not neces-
sarily the first year of service. In this service year the number in
any given state is simply the number of officers that flow into that
state, which is just the total number of flows into the category multi-
plied by the flow distribution factor for the service year in question.
For ¥ = first service year for a given category:
SY = FDPRY + TPR
+ FDPAY + TPA

+ FDAUY « TAU (L)

Then, for the second service year of the category we have:



Sy41 = Sy ¢ 11 - Byl - PR,
+ FDPR,,, - TPR

+ FDPAY+1 * TPA

+ . 2
FDAUY 41 0 TAU (2)

which is simply all officers not lost to the Air Force from service
year Y (SY < [1 - BY])’ minus those promoted out of service year Y
(PRY), plus the three flows into service year Y + 1. Remember that
all flows out of the category were previocusly computed or were equal
to zero (for the colonel category) so that PRY is a known quantity.
Equation (2) is valid for all values of Y for which we have some
officers in the category, not just for the second vear of the cate-
gory. Now, if we substitute the right-hand side of Eq. (1) for SY
in Eq. (2), the result is that every term in the right-hand side of
Eq. (2) will be known except TPR, TPA, and TAU. By continuing to sub-

stitute the equation for SY into the equation for S, for all Y, and

Y+1
collecting terms as we go, we get an equation of the form:

S5, = TERM]_Y * TPR + TERMZY * TPA + TERMSY * TAU + GGY (3)

for each year Y in which the category exists, where TERMlY, TERMZY and
TERM3Y are recursive functions of the flow distributions FDPRY, FDPAY
and FDAUY, and GGY is a function of the flows out of the state.

The grade authorization, GRAU, is the total number of officers in

the category, so GRAU is the sum of the steady-state numbers.

GRAU = . S

(TERM1,_, * TPR + TERM2. + TPA + TERM3,, *+ TAU + GG_) (4)
v Y Y Y Y

Collecting terms:



GRAU = TPR * | TERML, + TPA «  TERM2

Y Y v
+ TAU - TERM3, + | GG_ (5)
v Y o Y
Y Y
where GRAU, TERMly, TERMZY, 3 TERMBY and GGY are all known terms.
v ,

Y Y Y
This is the first of the three simultaneous equations. The other two

equations are taken directly from the definition of the flow ratios.

They are:

RPA = TPA/TPR (6)
and

TAU/TPR (7)

2

We now solve Egs. (5), (6), and (7) for TPR, TPA, and TAU, and we
have the flows-in for case 1. Case 3 is exactly the same except that
we are solving for rating transfers instead of promotions and for rating
transfer/augmentations instead of promotion/augmentations. As for the
mathematics of the problem, this is simply a change in terminology.

Appendix A presents a more detailed explanation of the mathematics
shown here. It shows what the TERMlY's, TERMZY'S, TERNBY'S and GGY'S
are and gives the intermediate steps in the derivation of Eq. (5),

which were not shown here.

The Remaining Four Cases. The method used to solve cases 1 and 3
is used for cases 2, 4, 5, and 6. Since these cases each have only
one flow-in, we do not need three simultaneous equations. Instead,

one equation is derived and solved directly for the desired flow total.
In this equation there are more flows-out to be considered than in
Eq. (5), but these are known already and so amount to nothing more than

constants. The derivation for these equations is given in Appendix A.

COMPLETING THE OFFICER STRUCTURE

Now that the total flows into the category have been determined,
it is a very easy matter to complete the description of the officer force
by computing all the flows-in (and out) per service year, and the steady-

state numbers. The flows-out were, of course, computed previously, and



in fact, were already used to compute total flows-in. All the flows
coming in from another category are computed by multiplying the total
flows of that type coming into the category by the correct flow dis-
tribution for the year and type of flow in question.

All that is left to compute is the steady-state numbers, the
losses, and the lateral flows. To compute the steady-state number
for service year Y, we need to know how many officers there were in
year Y - 1. This is no problem since the number in the lowest numbered
year is simply the sum of the flows-in, which are already known. We
then use Eq. (2) (or one similar to it, depending on the case) to solve
for the rest of the steady-state numbers. That is, take the number
retained in the Air Force from the next lower vear of service, subtract
those who went to a new category, and add the flows into the present
year. With the steady-state numbers known, the losses are simply the

steady state multiplied by the loss rate, i.e.:
L, =S, * B, (8)
The lateral flows are:

For reserve:

LAT, = S, * [1 - B.]

- PRY - AUY

- PAY (9

For regular:

- PR, (10)

These equations are simply the number retained (SY - [1 - BY])
minus the flows-out. Note that for nonrated lieuntenants we wonld also
subtract out rating transfers and rating transfer/augmentations.

Now that the entire officer structure and the movements within it

have been pieced together, the model prints out detailed and summary



reports showing what the force looks like and what flows take place
from category to category. In addition, using its knowledge of the
officer force structure and flows, the model computes and reports the
resulting personnel policies, such as promotion opportunity, augmenta-
tion rates, accessions, and rating transfer rates. The planner now
knows in the long range and under steady-state conditions, what sort
of personnel policies and accessions will result in a force with the

desired grade authorizations.

INFEASIBILITIES

The grade limitations model is designed so that for every possible
set of inputs a unique solution is computed by the model. That is,
no two sets of inputs will generate the same officer force structure.
Because of this it is possible to come up with infeasible solutions
once in a while. An infeasible solution is one in which one or more
states of the officer force structure has a negative number of officers
in it. This occurs, for example, when the total number of officers
flowing out of a state is computed to be more than the number of
officers in that state or when the number of vacancies to be filled
in a category exceeds the number of officers available to fill themn.
Since each input deck has its own unique solution, the model does not
do anything to watch out for or prevent infeasibilities, but instead
just prints the officer force derived from the given inputs. The user
may then adjust the inputs in a manner which removes the infeasibility
but minimally disturbs the inputs originally desired. This may be,
depending upon the magnitude and location of the infeasibility, impos-
sible, which means that the desired inputs are simply unworkable or
mutually inconsistent and that the user should try a different approach.
It should be noted that infeasibilities are not common. XNo realistic

or reasonable set of inputs will result in an infeasibilitv.

In general, we have used three basic methods of removing infeasi-
bilities. There are, of course, other approaches as well as combina-
tions and variations of these three. Which method to use may depend
upon the type of infeasibility and its magnitude and location. However,

since any of the methods will usually work, the main consideration
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should be the choice of the input that can most readily be altered
without changing the user's objective.

The easiest of the three methods has to do with the flow ratios,
and so does not apply when only one type of flow (in addition to loss
flows and laterals) is taking place in the vicinity of the infeasibility.
We will explain this method by describing a simple example. The top
of Fig. 7 is an officer flow table for reserve lieutenants with rating
pilot and source of commission OTS. Under "current officer state' we
see that there are 322 officers in YOS 4. 1If we continue reading across
the table for year 4, we see that 5 officers are lost to the force
("attrition"), 4 are added to the regular force, 112 are added to the
regular force and given promotions, and 206 are promoted. This adds
up to more than 322 and leaves an infeasibility of -3 as the current
officer state in vear 5.*

The bottom of the figure shows the officer flow table for regular
captains who are OTS pilots. On the left side of the table (under
"Flows Into the Current Officer State") we see the 112 officers who
were added to the regular force with promotions from the reserve
lieutenants at the end of year 4 entering the captain category at the
beginning of year 5. We also see 67 promotions coming in in the same
vear. The ratio of promotion/augmentations to promotions in this
example was 1.7.

One way to remove the infeasibility in reserve lieutenants is to
have fewer promotion/augmentations to regular captains. This drop in
flows to regular captains is made up for by increasing the number of
promotions from regular lieutenants. The only change in the inputs
is a decrease in the ratio of promotion/augmentations to promotions.
In the example shown we decreased the ratio from 1.7 to 1.2. The top
of Fig. 8 shows how this lowered the total number of promotion/
augmentations out of reserve lieutenants from 114 to 97. In year 4
the number dropped from 112 to 96 and cleared up the infeasibility.

The bottom of the figure shows the 96 promotion/augmentations coming

)

“Note that the numbers on the table do not add up correctly. This
is due entirely to round-off ervor. Typically, 1 or 2 officers are
lost or gained due to rounding-off.
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into regular captains in year 5. We also see in this part of the
figure that the promotions increased from 67 to 81 to balance out the
loss in promotion/augmentations.

The second way of handling an infeasibility is to adjust the flow
distributions at the point where the infeasibility takes place. Figure
9 illustrates a case for which this method may be used. The top half
of the figure shows a flow table for reserve navigator lieutenants
whose source of commission is ROTC in which an infeasibility of -26
appears in year of service 5. The bottom half of the figure shows the
same table with the infeasibility removed. By looking at the flows-out
of the top table in the figure, we see that all flows-out, from this
category to another, flow out of years 3 and 4, i.e., into years 4 and
5 of the next category. There are just a few augmentation/promotions
and promotions taking place out of year 3, while 50 percent of those
officers receiving only augmentations come from year 3. This leaves
531 officers left over to remain in the category in year 4. From this
531, the model loses 8, awards regular commissions to 98, awards regular
commissions to, and promotes, 100, and promotes 353. But this is more
than 531 officers leaving the cell, so an infeasibility is created.

There is an equation from queueing theory, which always holds in

the grade limitations model and which says:

mean number of officers in a category

= (arrival rate) X (mean time in the category).

The category referred to is the one into which the officers are flowing,
i.e., regular lieutenant navigators, so if we change the flow distribu-
tions so that augmentation flows are taking place in lower years of
service, we increase the mean time that an officer spends in the new
category (since we are not in any way affecting loss rates). Since

the number of officers in the regular lieutenant navigator category is

*
An outline of the proof may be found in Ref. 5, Appendix B,
p. 136; the complete proof is given in Ref. 3.
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held constant, as a grade authorization, the equation tells us that
the arrival rate (or total number of officers flowing into the cate-
gory) must decrease. Therefore, the augmentation flowswout of the
infeasible category must also decrease. This is the basic idea behind
the method of removing infeasibilities by altering flow distributions.

In the case shown, the infeasibility was removed by changing the
flow distributions for augmentations out of the category. 1In the top
table, with 98 augmentations taking place in both year 3 and year 4, the
flow distribution was 0.5 into year 4 and 0.5 into year 5. By changing
this to 0.96 into year 4 and 0.04 into year 5, we decreased the total
number of augmentations from 195 to 150. The difference is 45 officers
which is precisely the difference between -26 (the number of officers
in year 5 with the infeasibility) and 19 (the number of officers in
year 5 in the bottom table).

Note that the infeasibility might also have been removed by ad-
justing either the promotion/augmentation distribution or the promotion
distribution. 1In fact, if the user wishes, he can make small adjust-
ments to two or even all three of the possible flows rather than making
a larger adjustment to just one flow distribution. There may also be
cases where it would be desirable to have more officers flowing into
the infeasible category, rather than fewer flowing out of it. In
these cases the user can adjust flows-in to take place later rather
than adjusting flows-out to take place earlier, as we did.

The third, and last, type of infeasibility removal that we will
discuss is that of changing the grade authorizations. Figure 10 shows
an officer inventory table for nonrated OTS officers with an infeasi-
bility of -19 in regular lieutenants. TFigure 11 is the same table with
the infeasibility removed. To remove infeasibilities using authoriza-
tions we either put more officers into the infeasible category or de-
crease the number of officers in those categories whose flows—in come
from the infeasible category or both. Usually we do both. We use the
following algorithm to approximate the number of officers which should
be moved: for each category which has an infeasibility take the size
of the largest infeasibility (for example, in Fig. 10, for regular

lieutenants it would be 19) and multiply this by the number of years
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in which that category exists up to and including the year with that
infeasibility. For regular lieutenants, in our example, take 19 and
multiply by 3 for the two years before the infeasibility plus the year
of the infeasibility. This gives 57, which we consider to be approxi-
mately 50. The number calculated is simply a rough estimate of the
change which should be made. Often a few more officers will have to
be moved to remove the infeasibility, and sometimes (as in our example)
a few less are sufficient. The algorithm given will keep the planner
from having to make blind guesses by giving a "ballpark' estimate.

Since regular lieutenants flow into regular captains, we can solve
the infeasibility either by increasing the number of lieutenants or
decreasing the number of captains. In the example we did both by mov-
ing 50 officers from regular captains to regular lieutenants. As can
be seen in Fig. 11, this increased the number of lieutenants by enough
to remove the infeasibility.

After having experimented with the grade limitations for a while,
the user should become more and more familiar with these and possibly
other methods of removing infeasibilities. He will develop a ''feeling"
for this so that he will know almost intuitively which method will work

best for a given problem and how large an adjustment he should make.
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IV. THE GOODNESS MEASURE PACKAGE

Once the grade limitations model has completed the officer struc-
ture and shown all the flows taking place within it, the user can make
judgments about the desirability of having such a force structure. The
number of officers in each grade is, of course, that which was specified
in the inputs, but it is also important that the number of accessions
calculated be a reasonable number and that the age of the force and the
distribution of the officers be acceptable. However, in addition to
requirements about the force size and shape, there are other attributes
which need to be considered when making judgments about the desirability
of "goodness" of a particular force structure. One example of these is
promotion opportunity. It may not be desirable, however nice the shape
of the force, to have very low promotion opportunities or unequal pro-
motion opportunities for different categories within the same grade.
Promotion opportunity may, in this context, be called a ''goodness mea-
sure'", that is, a numerical parameter of the officer force which aids
the planner in making qualitative judgments about the force structure
computed.

The '"Goodness Measure Package' is a set of routines added to the
grade limitations model which computes and prints ceftéin goodness mea-—
sures. Basically, there are two types of computations done by these
routines, but they are done for various categories of officers and for
each type of flow out of the category in question.

The first of these computations is the probability of leaving the
category via a given type of exit. For example, an officer can leave
the category of regular captains only by being promoted to major or by
leaving the Air Force entirely. The goodness measure package calculates
the probability that he will leave that category by being promoted and
the probability that he will leave it by being lost to the Air Force.
All of these probabilities are conditional on having made it to the
category in question. In our example, the probability of being promoted
is described as follows: given that an officer has just become a regu-

lar captain, what is the probability that he will become a regular
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major?* The probability of loss answers the question: given that an
officer has just become a regular captain, what is the probability that
he will be lost to the Air Force while still a regular captain? Note
that since there are no other ways of changing one's status from regular
captain, the sum of these two probabilities is one. For each category,
the sum of all probabilities of leaving is, of course one.

After computing the probabilities of exit, the program calculates
the mean times to each of these exits. These parameters indicate the
mean time from entering the category to leaving it by the specified
type of exit; that is, the mean time spent in the category by officers
who leave in the prescribed manner. Going back to the example of regu-
lar captains, the program determines, for those officers who are promo-
ted to regular major, the mean time between their entry into regular
captain and their promotion to major. The same type of thing is compu-

ted for the officers who are lost as regular captains.

COMPUTING THE GOODNESS MEASURE

Figure 12 shows a typical category for which goodness measures can
be computed. Each arrow in the figure is a flow. Note that any given

state may have more than one flow leading out of it, for example, a

Regular  Capt. -

Fig. 12--Example of flows computed for the goodness measures

o

This differs from promotion opportunity in that promotion oppor-
tunity is the probability that an officer will be promoted given that
he has made it to the phase point year.
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promotion flow, a loss flow, and a lateral flow (YOos 7 in Fig. 12).
Since the officer force structure has already been completed, the good-
ness measure program knows how many officers there are in each state
and how many take each flow from the state. By dividing the number of
officers taking a given flow by the total number in the state the pro-
gram determines the probability of leaving the state via the flow in

question. This is known as the 'flow probability." Since there is no
way to leave a state without taking one of the flows leading out of it,
the sum of the flow probabilities of any given state is always one.
Figure 13 is a numerical example based on Fig. 12. The flow probabili-
ties are shown in parenthesis for each flow in the figure. Note that
it does not matter how officers enter the category; i.e., via promotion
or augmentation, etc. The goodness measure package needs to know how

many officers enter each state of the category, but where they come

from is unimportant.

YOS

40 60 (0.2) (1.0)

40 F(1.0)={ 100 (1.0)= 100 [—(1.0)={ 100 —(0.5)= 50

Fig. 13--Numerical example of flows computed for goodness measures

A "path" is a series of flows leading through a category and out
of it. Each officer in a category follows a path through that category
which begins when he first enters the category and ends when he leaves

the category. In Figs. 12 and 13, the flows shown form six paths for
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officers who become regular captains in years 4 or 5:

o] enter year 4, promoted year 7
o enter year 4, lost year 7
o enter year 5, promoted year 7

, lost year 7

4
4

o enter year 4, lost year 8
5
o enter year 5
5

o enter year 5, lost year 8

Note that all paths are a series of lateral flows beginning at a point
of entry to the category and ending with one flow which leads out of
the category entirely. The probability of taking any path through the
category, given that the officer enters the category at the point where

' It is equal to

that path begins, is known as the "path probability.’
the product of the flow probabilities for all the flows forming the
path.* Note that these probabilities are conditional on knowing where
the officer entered the category. They are not 'the probability of his
taking any given path," but are 'the probability of taking any path

that begins where he entered the category." Table 2 shows the path

probabilities for each of the six paths of Fig. 13. Note that the path
probabilities for a given entry point sum to 1.0.

Now, to get the first goodness measure, i.e., the probability of
leaving the category via a given type of exit, we need first to know
how many of the officers who entered a given state left by each path
which begins at that state. This is equal to the number who entered
the state times the path probabilities for each path beginning there.
Table 2 shows the number of officers taking each of the six paths.
Next take all of those paths which begin in the state and end with the
type of exit in mind, (for example all those which end in a promotion)
and add together the number of officers who took these paths. If we
also add together the number of officers who left via promotion for

each entry state, we get the total number who leave the category by

*

This is derived from the fact that the probability of several
independent events occurring together is equal to the product of the
probabilities of each of the individual events occurring separately.
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Table 2

PATH PROBABILITIES FOR THE
SIX PATHS OF FIG. 13

No. of
Entry Flow Path Officers Tak-| Time to
Point Out Probability ing Path Exit
Promotion
YOS 7 0.3 12 4 Years
Lost
YOS 4 YOS 7 0.2 8 4 Years
Lost
YOS 8 0.5 20 5 Years
Promotion
YOS 7 0.3 18 3 Years
Lost
YOS 5 YOS 7 0.2 12 3 Years
Lost
YOS 8 0.5 30 4 Years

promotion. For example, in Fig. 13, there are two paths which end in
promotion: one from year 4 to year 7, and one from year 5 to year 7.
From the table we see that the numbers of officers taking these paths
are 12 and 18 respectively, so the total number of officers who leave
the category via promotion is 30. Finally, we compute the probability
of leaving the category via promotion by dividing the number of officers
promoted out by the total number of officers who entered the category.
In our example, 100 officers altogether entered the category (40 + 60),
and 30 left via promotion. So the probability of leaving this category
via promotion is 30/100 = 0.3.

Since the paths taken and the number of officers who take each of
them are known, the number of years taken by each officer to get through
the category is also known (see the last column of Table 2)., To calcu-
late the second goodness measure, i.e., the mean time to a given exit,
add together the man-years taken by all the officers who exit in that
manner and divide by the number of officers who took that exit, i.e.,

take a weighted average of the number of years. For example, if we
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continue looking at officers promoted in Fig. 13, we see (from Table 2)
that 12 officers took 4 years to be promoted and the other 18 took 3
years. The total man-years taken by the first 12 is 12 x 4 = 48, and
the other 18 took 18 x 3 = 54. So the mean time to promotion (or aver-
age number of years an officer must wait before being promoted) is

(48 + 54)/30 = 3.4.

The reader may have noticed that our method of calculating the
probability of taking a certain type of exit amounts, in the end, to
simply dividing the number of officers who take that exit by the number
of officers who enter the category each year; and these numbers can be
readily picked out from the force structure by looking at flows into
and out of the category. The more complicated method of computing and
adding subprobabilities and subtotals was chosen because we need to
know all the possible paths through a category and the number of offi-
cers who take each one in order to calculate the mean times to each
type of exit,

In the goodness measure package there is an option by which the
user can specify a minimum number of years that must pass between two
consecutive promotions awarded to the same person, i.e., the minimum
time in grade required before being eligible for promotion to the next
grade. This type of policy is often used in real life; although it
affects only the goodness measures and does not change the basic officer
force computations, the option is included because it helps make the
goodness measures more realistic. If the minimum amount of time is
specified to be more than one year, some of the officers (those who
have not waited the minimum amount of time since their last promotion)
in certain states are not eligible for promotion. This increases the
amount of time they must wait before being promoted. The model is now
distinguishing officers eligible for promotion and those not eligible
into two groups, each with its own probabilities of leaving a state in
a given manner. This, of course, affects the mean time to exit, which
is a number that varies depending on the minimum number of years speci-

*
fied by the user.

*
A more detailed account of the mathematics used in the goodness

measure routines is provided in Appendix B. Appendix D on the model's

output, shows examples of the reports generated by these routines.
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In specifying the minimum number of years between consecutive pro-
motions, the user should be aware of two things. First, since an offi-
cer cannot be promoted twice in one year, the specified waiting period
between promotions must equal or exceed one year. In the model, all
promotions which take place in a given year take place at the same time.
That is, the model looks only at where an officer ends one year of
service and where he begins the next. All changes in status take place
at the end of each year of service, and the difference from one year
to the mext in an officer's rank cannot exceed one grade level. The
other thing to watch out for is that the minimum waiting period not
exceed the number of years between the first promotion into a category
and the first promotion out of it. If it did, there would be no offi-
cers eligible to receive promotions out of the category in the first
year in which the inputs permit it. If the minimum waiting period were
such that not enough officers were eligible for promotions which ac-
tually took place in the officer force structure, then the goodness
measure statistics computed would be inconsistent with the officer

force structure.
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V. CONCLUSIONS

As has been mentioned earlier, the grade limitations model can be
used as an aid in finding solutions to problems not commonly addressed
by typical steady-state models built in the past. This model was built
with grade-size related problems in mind, and we have found that it can
be used to study many such problems. For example, it is clear that
changes in grade limitations will effect promotion opportunity; but
what happens if grade limitations and augmentation parameters are both
changed, or if phase points* and grade limitations are changed? What
kind of tradecffs can be made between different policy parameters?

What are the long-term effects on the force of having fewer or more
field grade officers? All of these questions can be studied with the
grade limitations model and many of them already have been.

Used in conjunction with the progression, constraints, and behavi-
oral models, the grade limitations model's power can be increased con-
siderably. The models were designed with interaction in mind and were
made to share several attributes. These include similar input formats
(as much as possible considering that the inputs to the various models
are quite different), the same array structure within the models, and
by far the most important feature, the same output package. The sharing
of the output package gives the progression and constraints models the
capability of computing, printing, and punching the inputs to the grade
limitations model, which would then replicate the structures produced
by the progression or constraints model. It has already been mentioned
that the grade limitations model can produce corresponding inputs for
the progression model. There are many applications of the models where
it is necessary to iterate between the grade limitations model and one
of the progression models. In these applications the models' abilities
to punch each other's inputs become extremely useful,

*
The phase point, for a given grade, is that year of service dur-
ing which most of the promotions to the grade are made.

+Details will be included in 4 System of U.S. Air Force Officer
Persomnel Planning Models: An Overview (to be published).
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Another advantage of the officer force models over previously
developed models is their ability to present the officer structure in
terms of officer inventories and flows in great detail or in summary
form. Thus the user of the model may obtain a broad view of the officer
force structured by the model; or he may examine, in detail, the inven-
tories and flows for a group of officers with the same component, grade,
rating, and source of commission (and even year of service, if he wants
such detail); or he may look at intermediate levels such as the pilot
force or all academy graduates.

All of these features, as well as the others mentioned throughout
this report, contribute to a tool for studying long-term Air Force
personnel problems which allows the plamnner to take any of several views
of the force in both highly detailed or highly aggregated forms. As a
result, the planner can tailor the use of these models to specifically
handle the type of problem he is interested in.

Authorized users may obtain the grade limitations model as well
as the other officer force models upon written request to Rand. A
magnetic tape should be included. A program distribution package will
be returned that provides detailed instructions on how to install the
models. Every attempt has been made to avoid the use of nonstandard
FORTRAN or IBM 370-dependent features in the officer force models. 1In-
cluded in the program distribution package are suggestions for the re-

moval of such features.
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Appendix A
MATHEMATICAL BACKGROUND

NOTATION AND SYMBOLS USED

In the text of this report, array subscripting was limited to year
of service for ease in reading. Since the purpose of this and the next
appendix is to show complete mathematical detail, all five officer at-
tribute subscripts will be used. They are symbolized as follows, with

their possible values shown in parenthesis:

C = component subscript (1 = reserve, 2 = regular)

G = grade subscript (1 = Lieutenant, 2 = Captain, 3 = Major,
4 = Lt. Col., 5 = Cols. and higher)

R = rating subscript (1 = pilot, 2 = navigator, 3 = support)

SC = source of commission subscript (1 = AFA, 2 = ROTIC, 3 =
0TS/other)

Y = year of service (values are 1 to 35)

We will employ the following output arrays as the result of the
computations. A set of five subscripts (C, G, R, SC, Y), refers to a

state of the officer force.

$(C,G,R,SC,Y) = Number of officers in state, i.e., steady

state number.

L(C,G,R,SC,Y) = Losses from state.

LAT(C,G,R,SC,Y) = Lateral flows out of state (C,G,R,SC,Y) to
(C,G,R,SC,Y+l).

PR(C,G,R,SC,Y) = Number of promotions from (C,G,R,SC,Y) to
(C,G+1,R,SC,Y+1) .

PA(1,G,R,SC,Y) = Number of promotion/augmentations from
(1,G,R,SC,Y) to (2,G+1,R,SC,Y+1).

AU(1,G,R,SC,Y) = Number of augmentations from (1,G,R,SC,Y) to

(2,G,R,SC,Y+1).
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Note that in the above arrays the direction of flow is from Y to
Y+ 1, i.e., the state referred to by the array subscripts is the state
from which flows come. Because of programming considerations the direc-
tion of flow in the following arrays is the reverse. Flows are from
Y-1toY, i.e., the state referred to by the array subscripts is the

state into which flows go.

RT(C,1,R,SC,Y) = Number of rating transfers from (C,1,R,SC,Y-1)
to (C,1,R,SC,Y), R=1 or 2.
RA(2,1,R,SC,Y) = Number of rating transfer/augmentations from

(1,1,3,sC,¥Y-1) to (2,1,R,SC,Y), R=1l or 2.

For the grade limitations input arrays, we use these symbols:

B(C,G,R,SC,Y) Loss rate for state.

APR(C,G,R,SC,Y)

Promotion flow distribution for promotions

into (C,G,R,SC,Y) from (C,G-1,R,SC,Y-1).

APA(2,G,R,SC,Y) = Promotion/augmentation flow distributions for
flows into (2,G,R,SC,Y) from (1,6-1,R,SC,Y-1).
AAU(2,G,R,SC,Y) = Augmentation flow distributions for augmenta-

tions into (2,G,R,SC,Y) from (1,G,R,SC,Y-1).
GRAU(C,G,R,SC) = Number of officers authorized to be in category
(C,G,R,S8C).
= } PA(1,G-1,R,SC,Y)/] PR(2,G-1,R,SC,Y) if G # 1

y Yy

UPRPA(G,R,SC) = ) RA(2,G,R,5C,Y)/} AU(1,G,R,SC,Y) if G = 1 and
y y
R=1o0r 2

= Flow ratio for combination flows

= } AU(1,G,R,SC,Y)/) PR(2,G-1,R,SC,Y) if G # 1

y y

UPRAU(G,R,SC) = Z RT(Z,G,R,SC,Y)/Z AU(1,G,R,SC,Y) if G = 1 and
y y
R=1o0or 2

= Flow ratio for rating transfers and augmenta-

tions.
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ART(C,1,R,SC,Y) Flow distributions for rating transfers into
(¢,1,R,SC,Y), R=1or 2 from (C,1,3,8C,Y-1).
Flow distributions for rating transfer/augrenta-
tions into (2,1,R,SC,Y), R =1 or 2 from

(1,1,3,s8C,Y-1).

ARA(2,1,R,SC,Y)

In addition, the following symbols are used in the equations in-

cluded in this appendix:

] PR(C,G-1,R,SC,Y)
y
= Total promotions into the category (C,G,R,SC).
TOTPA(2,G,R,SC) = ) PA(1,G-1,R,SC,Y)
y
= Total promotion/augmentations into category
(2,G,R,SsC).
TOTAU(2,G,R,SC) = ) AU(1,G,R,SC,Y)
y
= Total augmentations into category (2,G,R,SC).
TOTRT(C,1,R,SC) = ) RT(C,1,R,SC,Y)
v ,
= Total rating transfers into category (c,1,R,SC),
R =1or 2.
TOTRA(2,1,R,SC) = Y RA(2,1,R,SC,Y)
y

= Total rating transfer/augmentations into

TOTPR(C,G,R,SC)

category (2,1,R,SC), R =1 or 2.

STEADY STATE AND FLOW QUANTITIES

Although the grade limitations model computes the total flows into

a category before computing the steady-state numbers and flow quanti-
ties, we present the steady state and flow equations first, for purposes
of explanation. Later, the equations for deriving total flows into a
category are shown. For the moment, assume that TOTPR, TOTPA, TOTAU,
TOTRT, and TOTRA are known. Then, for all grades except lieutenant

(i.e., G # 1) we have the following.
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For C = 2 (the regular force),

s(2,G6,R,SC,Y) = [1-B(2,G,R,SC,Y-1)] - S(2,G,R,SC,Y-1)
- PR(2,G,R,SC,Y-1)
+ APR(2,G,R,SC,Y) * TOTPR(2,G,R,SC)
+ APA(2,G,R,SC,Y) + TOTPA(2,G,R,SC)
+ AAU(2,G,R,SC,Y) + TOTAU(2,G,R,SC) (1)

The recursive nature of this equation presents no problem since
when Y = 1, 5(2,G,R,SC,Y~-1) and PR(2,G,R,SC,Y-1) are both zero. Note
that since B(2,G,R,SC,Y) is the loss rate, its complement 1-B(2,G,R,SC,Y),
is the retention rate for the state.

For C = 1 (the reserve force),

s(1,G,R,SC,Y) = [1-B(1,G,R,SC,Y-1)] - S(1,G,R,SC,Y-1)
- PP{1,G,R,SC,Y-1) - AU(1,G,R,SC,Y-1)
- PA(1,G,R,SC,Y-1)
+ APR(1,G,R,SC,Y) - TOTPR(1,G,R,SC) (2)

Both of the above equations amount to the number of officers not
lost from the previous state, minus all flows leaving the category from
the previous state, plus all flows entering the present state. Recall
that once we are ready to calculate a given steady state number, all
flows out of that state are already known, while flows in have yet to
be calculated (the 'backward" concept)--hence the different notation

for flows in and flows out.

1) we
3) lieu-

When we compute steady-state numbers for lieutenants (G

have to consider the rating transfer flows. For nonrated (R
tenants we have the following.

When C = 2 (the regular force):

s(2,1,3,sc,Y) = [1-B(2,1,3,sC,Y-1)] + $(2,1,3,SC,¥Y~1)
' - RT(2,1,1,SC,Y) - RT(2,1,2,SC,Y)
- PR(2,1,3,S8C,Y-1)
+ AAU(2,1,3,S8C,Y) + TOTAU(2,1,3,SC) (3)
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and for C = 1 (reserve force):

s(1,1,3,sC,Y) = [1-B(1,1,3,8C,¥Y-1)] - s(1,1,3,5C,Y-1)
PR(1,1,3,SC,Y-1) - RT(1,1,1,5C,Y)
RT(1,1,2,SC,Y) - RA(2,1,1,SC,Y)

RA(2,1,2,SC,Y) - AU(1,1,3,SC,Y-1)
PA(1,1,3,SC,¥-1) (4)

Note that there are no flows into reserve nonrated lieutenants in
the above equation. These officers enter the force only via annual
accessions. The steady-state equations for rated (R = 1 or 2) lieuten-

ants are:
for C = 2 (regular),

s(2,1,R,8C,¥) = [1-B(2,1,R,SC,Y-1)] + S(2,1,R,SC,Y-1)
- PR(2,1,R,SC,Y~1)
+ AAU(2,1,R,SC,Y) - TOTAU(2,1,R,SC)
+ ART(2,1,R,SC,Y) - TOTRT(2,1,R,SC)
+ ARA(2,1,R,SC,Y) + TOTRA(2,1,R,SC) (5)

and for C = 1 (reserve),

s(1,1,R,sc,Y) = [1-B(1,1,R,SC,Y-1)] - S(1,1,R,SC,Y-1)
- PR(1,1,R,SC,Y-1) - PA(1,1,R,SC,Y-1)
- AU(1,1,R,SC,Y-1)
+ ART(1,1,R,SC,Y) + TOTRT(1,1,R,SC) (6)

Now that all the steady-state numbers have been computed, we can
complete the flows for the officer structure. For all (C,G,R,SC,Y) the

flows in are:
PR(C,G-1,R,SC,Y-1) = APR(C,G,R,SC,Y) * TOTPR(C,G,R,SC) €D

PA(1,6-1,R,SC,Y-1) = APA(2,G,R,SC,Y) - TOTPA(2,G,R,SC) (8)
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AU(2,G,R,SC,Y-1) = AAU(2,G,R,SC,Y) + TOTAU(2,G,R,SC) 9

and, for those categories which apply (i.e., when G = 1 and R = 1 or 2):

RT(C,1,R,SC,Y) = ART(C,1,R,SC,Y) + TOTRT(C,1,R,SC) (10)

RA(2,1,R,SC,Y) ARA(2,1,R,SC,Y) - TOTRA(2,1,R,SC) (11)

The losses, of course, are always:
L(C,G,R,SC,Y) = B(C,G,R,SC,Y) *« S(C,G,R,SC,Y) (12)

All that is needed to complete all the flows is lateral movements.

For C = 1 (reserve):

LAT(1,G,R,SC,Y) = [1-B(1,G,R,SC,Y)] - S(1,G,R,SC,Y)
- PR(1,G,R,SC,Y) - AU(1,G,R,SC,Y)
- PA(1,G,R,SC,Y) (13)

For C = 2 (regular):

LAT(2,G,R,SC,Y) = [1-B(2,G,R,SC,Y)] * S(2,G,R,SC,Y)
- PR(2,G,R,SC,Y) (14)

Equations (13) and (14) are simply the officers retained minus the
flows out of the category. Note that, for nonrated lieutenants, rating
transfers and rating transfer/augmentations wouid also have to be
subtracted.

Now, let us see how the total flows into the category were computed.

TOTAL FLOWS IN

Recall, that for these calculations we divided the officer force

into six cases according to the flows into the categories. The s&ix

cases were:
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1. Non-Academy regular officers with grade above lieutenant.
2. Reserve or Academy officers with grade higher than
lieutenant.
Non-Academy regular rated lieutenants.

3

4, Reserve and Academy rated lieutenants.

5. Non-Academy regular nonrated lieutenants.
6

Reserve and Academy nonrated lieutenants.
As was explained in Section IV, the mathematics for cases 1 and 3
is identical, except that case 1 deals with promotions, whereas case
3 deals with rating transfers. The same statement may be made about

cases 2 and 4.

Cases 1 and 3

These cases include all non-Academy regular officers except non-
rated lieutenants. We begin with the equations for the steady-state
number in the first year in which grade G exists; call it Yl.

C =1 for regular officers.

8(2,G,R,8C,Y,) = APR(2,G,R,5C,Y,) * TOTPR(2,G,R,SC)
+ APA(2,G,R,SC,Y,) * TOTPA(2,G,R,SC)
+ AAU(2,G,R,SC,Y,) - TOTAU(2,G,R,SC)
+ GG(Z,G,R,SC,Yl) (15)

where GG(2,G,R,SC,Y1) is zero by definition. For the second year of

grade G,(Y2 =Y, + 1), we have:

1

$(2,G,R,SC,Y,) = [1-B(2,6,R,5C,Y,)]
- PR(2,G,R,SC,Y,)
+ APR(2,G,R,SC,Y,) * TOTPR(2,G,R,SC)
+ APA(2,G,R,SC,Y,) - TOTPA(2,G,R,SC)
+ AAU(2,G,R,SC,Y,) - TOTAU(2,G,R,SC) (16)

5(2,G,R,sc,Yl)

Now, if we plug the right-hand side of Eq. (15) into Eq. (16) and

collect terms, we get:
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s(z,G,R,sc,Yz) = TOTPR(2,G,R,SC) {[l—B(Z,G,R,SC,Yl)]
. APR(Z,G,R,SC,Yl) + APR(Z,G,R,SC,YZ)}
+ TOTPA(2,G,R,SC) * {[1—B(2,G,R,SC,Y1)]

<+

APA(2,G,R,SC,Y,) + APA(Z,G,R,SC,YZ)}
TOTAU(2,G,R,SC) - {[l—B(Z,G,R,SC,Yl)]
AAU(Z,G,R,SC,Yl) + AAU(Z,G,R,SC,Y2)}

+ [l—B(Z,G,R,SC,Yl)] . GG(Z,G,R,SC,Yl)

PR(Z,G,R,SC,Yl)
To simplify this equation and make
S(2,G,R,SC,Y2) = TOTPR(2,G,R,SC) -
+ TOTPA(2,G,R,SC)
+ TOTAU(2,G,R,SC)

+ GG(2,G,R,SC,Y,)

where for all Y 2 Y

2
TERM1(2,G,R,SC,Y) = [1-B(2,G,R,SC,Y-1)]
+ APR(2,G,R,SC,Y)
TERM2(2,G,R,SC,Y) = [1-B(2,G,R,SC,Y-1)]
+ APA(2,G,R,SC,Y)
TERM3(2,G,R,SC,Y) = [1-B(2,G,R,SC,Y-1)]
+ APA(2,G,R,SC,Y)
and,
GG(2,G,R,SC,Y) = [1-B(2,G,R,SC,Y-1)]

- PR(G,R,SC,Y-1)

it more readable, let:

TERM1(2,G,R,SC,Y,)

TERM2(2,G,R,SC,Y,)
TERM3(2,G,R,SC,Y,)

TERM1(2,G,R,SC,Y~1)

TERM2(2,G,R,SC,Y-1)

TERM3 (2,G,R,SC,Y-1)

GG(2,G,R,SC,Y-1)

(7)

(18)

(19)

(20)

(21)

(22)

Now, recall from definitions of our inputs that for G ¢# 1, UPRPA

is the ratio of promotion/augmentations to promotions,

UPRPA(G,R,SC) = TOTPA(2,G,R,SC)/TOTPR(2,G,R,SC)

(23)



and UPRAU is the ratio of augmentations to promotions,

UPRAU (G,R,SC) = TOTAU(2,G,R,SC)/TOTPR(2,G,R,SC) (24)

and GRAU is the grade authorization,

GRAU(?"G’R!SC) = S(C,G,R,SC,Y) (2;)

et

Note that Egq. (18) is wvalid for all values of Y, not just for Y2,

so that if we sum Eg. (18) over all values of Y we have:

GRAU(2,G,R,SC) = TOTPR(2,G,R,SC) - TERM1(2,G,R,SC,Y)

+ TOTPA{2,G,R,SC)

I ]

TERM2(2,G,R,SC,Y)
+ TOTAU(2,G,R,SC) - - TERM3(2,G,R,SC,Y)

+ ' 6G(2,6,R,SC,Y)
¥
= TOTPR(2,G,R,SC) + - TERM1(2,G,P,SC,Y)
Y

+ TOTPR(2,G,R,SC) - UPRPA(G,R,SC)
; TERM2(2,G,R,SC,Y)

Y
+ TOTPR(2,G,R,SC) - UPRALU(G,R,SC)
- > TERM3(2,G,R,SC,Y)

Y
+ ' GG(2,G,R,SC,Y)

Y

~~
(8]
s

N

The only unknown in Eq. (26) is TOTPR(2,G,R,SC), so solving for

it we get:

TOTPR(2,G,R,SC) = [CRAU(2,G,R,SC) - ; GG(2,G,R,SC,Y)1/
Y
[} TERM1(2,G,R,SC,Y) + ' TERM2(2,G,R,SC,Y)
Y Y

- UPRPA(G,R,SC) + | TERM3(2,G,R,SC,Y)
5

g
~
e

« UPRAU(G,R,SC)] (.
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Then, again, using the flow ratio definitions,

TOTAU(2,6,R,SC) = UPRAU(G,R,SC) + TOTPR(2,G,R,SC) (28)
TOTPA(2,6,R,SC) = UPRPA(G,R,SC) - TOTPR(2,G,R,SC) (29)

We now know the total flows in for case 1. Case 3 is solved in
exactly the same way, except that TOIRT is substituted for TOTPR every-
where, and TOTRA is used instead of TOTPA, since rating transfers are
taking place instead of promotions. Note that we would tale the defini-
tions of the flow ratios which hold when G = 1, so Eqs. (23) and (24)

would become

UPRPA(1,R,SC) = TOTRA(2,G,R,SC) /TOTAU(2,6,R,S8C) (30)
and
UPRAU(1,R,SC) = TOTRT(2,G,R,SC)/TOTAU(2,G,R,SC) (31)

Since TOTAU (total augmentations) is the denominator here, we would
solve for it first and then use Egs. (30) and (31) to solve for TOIRA

and TOTRT (rating transfer/augmentations and rating transfers).

Cases 2, 4 and 5

These cases include all reserve and academy officers except non-
rated lieutenants plus regular nonrated lieutenants. We again start by
looking at the equation for the steady-state number in the first vear
of the category. The only flow into these two cases is promotions.

$(C,G,k,SC,Y,) = APR(C,G,R,SC,Y,
+ GG(C,G,R,SC,Yl) (32)

N ) = TOTPR(C,G,R,SC)

where GG(C,G,R,SC,Yl) = 0.0 by definition and C = 1 except for Academy

categories.
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In year Y2 = Yl + 1 and in all subsequent vears in which the cate-

gory exists, the steady-state equation is:

s(¢,G,R,sC,¥Y-1) + [1-B(C,G,R,SC,Y-1)]

+ APR(C,G,R,SC,Y) + TOTPR(C,G,R,SC)

- PR(C,G,R,SC,Y-1) - AU(1,G,R,SC,¥-1)

- PA(1,G,R,SC,Y-1) (33)

1t

S(C,G,R,SC,Y)

Now 1if we let Y = Y2 in Eq. (33) and substitute Eq. (32) for

s(C,G,R,SC,¥Y~-1) we get:

S(C,G,R,SC,YZ) = TOTPR(C,G,R,SC) - {[l-B(C,G,RssC,Yl)]
. APR(C,G,R,SC,Yl) + APR(C,G,R,SC,Y, )}
+ [l—B(C,G,R,SC,Yl)] . GG(C,G,R,SC,YI)

PR(C,C,R,SC,Y,) - AU(L,6,R,5C,Y,)

1
- PA(l,G,R,SC,Yl) (34)
We can simplify the equation by letting:
S(C,G,R,SC,YZ) = TERM1(C,G,R,SC,Y,) - TOTPR(C,G,R,5C)
+ GG(C,G,R,SC,YZ) (35)
where for all Y =2 Y2:
TERM1(C,G,R,SC,Y) = [1-B(C,G,K,SC,¥Y-1)] + TERMN1(C,C,k,SC,Y-1)
+ APR(C,G,R,SC,Y) (3¢
and
GG(C,G,R,SC,Y) = [1-B(C,G,R,SC,Y-1)] -« GG(C,G,R,8C,Y-1)
- PR(C,G,R,SC,Y-1) - AU(1,G,R,SC,¥-1)
- PA(1,G,R,SC,Y-1) (37)

We then use the fact that the grade authorization is the sum of

the steady-state numbers and sum over Eq. (35) to get:
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i

GRAU(C,G,R,SC) = ' S(C,G,R,SC,Y)

Y

TOTPR(C,G,R,SC) + * TERM1(C,G,R,SC,Y)
Y

+ ! GG(C,G,R,SC,Y) (38)

)
Y

Then, solving for TOTPR(C,G,R,SC), we get:

©

TOTPR(C,G,R,SC) = [GRAL(C,G,R,SC) - ©
Y

GG(C,G,R,SC,¥) ]/

[} TERMI(C,G,R,SC,Y)] (3)
Y

and we are done computing flows in for case 2. As with cases 1 and 3,
the difference between cases 2 and 4 can be resolved by simply substi-
tuting TOTRT for TOTPR everywhere it appears between Egs. (32) and (3¢).
Case 5 is also like case 2. TOTAU would be substituted for TOTPR and

GG(C,G,R,SC,Y) would be

GG(2,1,3,s8C,Y) = [1-B(2,1,3,s8C,¥Y-1)] - GG(2,1,3,SC,Y-1)
- PR(2,1,3,8C,¥-1) - RT(2,1,1,SC,Y)
- RT(2,1,2,S8C,Y) 40)

since flows cut in case 5 are rating transfers and promotions rather

than augmentations, promotions and promotion/augmentations.

Case &
Case 6 deals with Academy and reserve nonrated lieutenants, where
the only flows in are accessions. We begin, again with the equations

for steady-state numbers. In year Y, (which is, in this case, year of

1
service 1) the number in steady state is simply the accessions.

(R = 3 for nonrated},
S$(C,1,3,8C,1) = ACCESS(C,1,3,S8C) + GG(C,1,3,S8C,1) (41)

where ACCESS(C,1,3,SC) is the total accessions for the category and

GG(C,1,3,8C,1) is 0.0 by definition. For YOS 2 the equations are



slightly different for the two components. When C = 1 (reserve) we

have:

$(1,1,3,sC,2) = {1-B(1,1,3,8C,1)] * S(1,1,3,SC,1)
- PR(1,1,3,SC,1) - RT(1,1,1,SC,2)
- RT(1,1,2,SC,2) - AU(1,1,3,SC,1)
PA(1,1,3,8C,1) - Ra(2,1,1,SC,?2
RA(2,1,2,5C,2) (42)

and when C = 2 (regular, Academy only applies, i.e., SC = 1):

8(2319331,2) = [l‘B(231a3’151,)] * 8(2’]—»391:1)
- PR(2,1,3,1,1) - RT(2,1,1,1,2)
- RT(2,1,2,1,2) (43)

The difference is that augmentation and all the combination flows flow
out of the reserve categories, but not out of the Academy categorv. Ve
continue as we did for the other cases, substituting Eq. (41) into Egs.
(42) and (43), and get the following eguation, which applies to both

components.

s(c,1,3,sC,Y) = TERM1(C,1,3,SC,Y) - ACCESS(C,1,3,SC)
+ 6G(C,1,3,3C,Y) (i)

where:

|

TER:1(C,1,3,SC,Y) = [1-B(C,1,3,SC,Y-1)} » TERM1(C,1,3,SC,Y-1)  (42)

and, for C = 1 (reserve)

GG(1,1,3,8¢,Y) = [1-B(1,1,3,s8C,v-1)] - GG(1,1,3,SC,¥Y-1)
- PR(1,1,3,sC,Yy-1) - RT(1,1,1,SC,Y)
- RT(1,1,2,SC,Y¥) - AU(L,1,3,5C,Y-1)
- RA(2,1,2,8C,Y) (-0
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and, for C = 2 (regular)

6G(2,1,3,8C,¥) = [1-B(2,1,3,8C,¥Y-1)] - 6G(2,1,3,5C,Y-1)
- PR(2,1,3,SC,¥-1) - RT(2,1,1,SC,Y)
- RT(2,1,2,SC,Y)

~
g~
~.
s

So, summing over the steady-state number, as we did before, we get:

GRAU(C,1,3,5C) = ; TERM1(C,1,3,S5C,Y) « ACCESS(C,1,3,SC)

+ ! 66(C,1,3,5C,Y) (48)
Y

Which, solving for ACCESS(C,1,3,SC) gives us:

ACCESS(C,1,3,SC) = [GRAU(C,1,3,SC) - } GG(C,1,3,SC,Y)]/
Y

[} TERI1(C,1,3,5C,Y)] (40
Y

and we are completely done,
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Appendix B

THE GOODNESS MEASURE MATHEMATICAL BACKGROUND

In computing the goodness measures, the officer force is divided
into the same six cases that were used in the force structure computa-
tions (see Appendix A). Since the mathematical differences between
these cases are, again, only minor, we will show detailed mathematics
for only one case and very briefly discuss the changes which would
have to be made to solve the other cases. The case we will look at is
the first one: non-Academy regular officers with grade above lieutenant.
This is the most basic case, and so, best exemplifies the method used
with a minimum amount of case-specific adjustments.

The symbols and notation used in the preceding appendix continue
to be used here. New svmbols will be defined as we go along; however,
first we must define the variable MIN:

MIN = the minimum amount of time which must pass between two pro-
motions awarded to the same person. MIN is given in vears
and must be an integer greater than zero and less than the
shortest time between the first promotion into a categery
and the first promoticn out of it (see Sec. IV). Only one
value of MIN is given and it applies to all categories in

the officer force structure.

COMPUTATION FOR CASE 1

e begin the computations by computing the number of of:ii.ers

eligible for promotion from each vear of the category in question:

C = 2 {for regular)
ELG(2,G,R,SC,Y) = ${2,G,R,SC,Y) - PR(2,G-1,R,5C,Y-1)
MIn [ i=1
- PA1,6-1,R,SC,Y-1) - i [1-B(2,G,R,SC,Y-K)]
i=3 | k=2

. [PR(2.G-1,R,SC,Y-1i) + PA(1,G-1,R,S5C,Y-i)]
= pumber of officers eligible for promotion from

(2,G,R,5C,Y) to {2,G+1,R,SC,Y+L) . (1)
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The whole of Eg. 1 applies only when MIN is three or greater. If
MIN is 1, the eligibles equal the number in state, i.e., everyone is
eligible. If MIN is two, the number of eligibles is the steady-state
number less those just promoted into the state (this is the first three
terms in Eq. 1). If MIN is greater than two, we must subtract out those
officers who were promoted within the minimum waiting period. The sum-
mation in Eq. 1 does this by subtracting out officers who were promoted
or promoted/augmented within the waiting period. Before the officers
are subtracted out, a retention rate (that is, the complement of the
loss rate) is applied for each vear of service since they were promoted
to account for those who were lost to the Air Force before becoming
eligible for another promotion.

Now that the number of eligibles is known, we can divide the flows
out of the state between the eligibles and the noneligibles. Ve make
the assumption that losses and lateral flows are divided proportionately

between eligibles and noneligibles.

NFLG(2,G,R,SC,Y) $¢(2,G,R,SC,Y) - ELG{2,G,R,SC,Y)

H

= number of officers in state (2,G,R,SC,Y) who
are not eligible for promotion to the state

{(2,G+1,R,SC,Y+1) gty

ELGCON{2,G,R,$C,Y) = LAT{2,G,R,SC,Y) - {NELG(Z,G,R,SC,Y)
« [1-B(2,G,R,SC,¥)1}
= The number of officers eligible for promotion

who continue in Grade G frem YOS Y to Y-+1. (3

PROM(2,G,R,SC,Y} = PR(2,G,R,SC,Y)/ELG(2,G,R,SC,Y)
= The fraction of officers eligible for promotion

who are promoted. (%)
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CONT (2,G,R,SC.Y) = ELGCOX(2,G,R,SC,Y)/ELG(2,G,R,SC,Y)

= The fraction of officers eligible for promotion

who continue in grade G in YOS ¥ + 1 {5
REG(Z,G.R,8C,Y) = L(2,6,R,SC,Y - NELG’2,G,R,SC,Y)

+ B{2,G,R,SC,Y) "/ELG(2,G,R,SC,Y)
= The fraction of officers eligible for

promotion who retire in YOS Y. (63

Note that the numerator of Eq. 6 1s the number of eligible officers

who retire and is the total losses minus the number of noneligible offi-

cers lost. Also, note that since we are dealing with regular nonlieu-

tenants, the onlv way to leave a state is by promotion, loss, or lateral
1

flow. Therefore, since PROM, RET and CONT tell us the fraction of eli-

gible officers whoe take each of these exits,

TROM 2 LGLR,SC,Y) 4+ CONT{2,G,R,SC,Y) + RET/2,G,R,SC,Y) = 1 . (")

For the noneligibles we have:

il

AR(2,0,R,SC,Y; 1L/2,G,R,SC,Y) - ELG(2,G,R,S8(,Y)
- B(2,0,R,SC,Y) /XELG(2,G,R,SC,V)

= fraction of officers not eligible Tor

prometion who retire in YOS V.

CF{2,G,R,8C,Yy = 1-AR72,G,R,SC,Y:
= fraction of officers not eligible for
promotion who continue in grade G in

YOS Y o+ 1.
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Having calculated the fractions of both eligible and noneligible
officers who take each flow from the state, we know the flow probabili-
ties mentioned in Sec. IV. The path probabilities will also be viewcd
as two distinct sets; one for eligibles and one for noneligibles. 1In
the arravs which follow (G contains path probatilities for exiting via
promotion, and B contains path probabilities for exiting via retire-
ment), the fourth subscript indicates how the officers originally
entered the state {(2,5,R,SC,Y):

17 the 4th subscript is 1, they entered via promotion or promotion/

augmentation and so are ineligible for promotion for MIX number

of vears.

If the 4th subscript is 2 thev entered via augmentation and so

are alwavs eligible for promotion.

(= C4ifr 1« Y + MIN

Y4MIN-1
= T CF(2,C,R,3C,D)| -+ PROM/2.G,R,SC,I}
DY
G(v,G,T,1) < 1f T = 7 4+ MIY
YAMIN=T 1-1
= CF(2,G,R,SC,D) T CONT(2,G,R,SC,D)
D=y D=Y4MIN
\ . PROM(2,G,R,SC,T) if IV 4+ MIN

= the probability that an officer promoted into grade

G in Y08 Y will be promoted to grade G+l in 0= 1. {20

= "ROM’2,G,R,SC,1) if o=
G(Y,G,I,2)
-1
= | 7 cont(2,6,Rr,8C,D)| - PROM(2.G,R,5C,1)
D=y



H(Y,G,I,l)<

H(Y,G,T,2)

1]

i

i

il

the probability that an officer who had an entryv

other than promotion into grade G in YOS Y will

be promoted to grade G+l in YOS 1. 11
AR(2.G,R,SC,1) if 1 =Y

-1

T CF(2,G,R,SC,D)| + AR(2,G,R,SC,T)

D=Y

ify - T« Y + MIN

Y4MIN-1
T CF(2,G,R,SC,D)| - RET(2,G,R,SC,1)
D=Y
if T =Y + MIN
VAMIN-1 1-1
I CF(2,G,R,SC,D)| - T CONT(2,G,R,SC,D)
D+Y D=Y+MIN
RET(2,G,R,SC, 1) if T Y 4+ MIN

the preobability that an officer promeoted to grade G

in YOS Y will be lost from grade G in YOS I. (L2
RET(2,G,R,SC, 1) if I =V
-1
Tr CONT(2,G,R,SC,D) RET(2,6,R,30,1)
D=)
if 1 Y

the probability that an officer who had an eatry

other than promotion into grade G in YOS ¥V will

ot

be lost from grade G in YOS I.
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With the path probabilities we can compute the number of officvers
who took each of the two possible exits from the grade (or category,.
In the fellowing equations MAXYOS refers to the highest year of service

for which the grade (or categorv) exits.

MAXYOS
NPIG,Y) = [PR{2,G6-1.R,SC,Y-1) + PA(1,G-1,R,SC,v-1)]
D=Y

- G(Y,6,D,1)
MAXYOS

+ AU(1,G,R,SC,Y-1) - GI(Y,G,D,2)
D=Y

= the number of officers who entered grade ¢ in YOS Y

and were promoted out of grade G to grade G + 1. (14
JAXYOS
SROGLY) = HIY,G,D,10 - [PR72,G6-1,R,8C,7"-1)
D=Y

+ PA(1,G-1,R,5C,Y-1)]
MANYOS
+ H(Y,G,D,2) + AU{1,G,R,SC,v-1}
D=Y
= the number of ofiicers who entered grade G in YOS

and are lost or retirved from the Air Foree while
still in grade G. {15
We are finally readyv to calculate the first goodness measure, the

probabilitv of leaving the category via a given exit. 1In this case,

there were only two possible exits: promotion and retirement.
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MAXYOS MAXYOS
PPROB (%) = NP(G, T/ [PR{2,6-1,R,SC,D)
J=1 D=1
+ PA(1,G-1,R,SC,D) + AU(1,G,R,SC,D)]
= the probabilityv that an officer will be promeoted
to grade G + 1 given that he reached category
(2,G,R,SC;. (Note that the denominator is the
total number of officers entering categorv

{(2,G,R,SC1.)

MAXYOS MAXYOS
RPROS(G) = SR(G,I)/ [PR(2,G-1,R,SC,1)
J=1 D=1

+ Pa(1,6~1,2,8C,Dy + AU(1,G,R,SC,)}
= the probability that an officer will retire fron
category (2,5,R,SC) given that he entered the

category.

To calculate the mean times to each exit we need to know the
ber of vears between an officer’s entrance into and exit frem the

gerv.,

MAXYOS
PYRS/G,Y!: = G(Y,G,D,1) - (D-Y+D)
D=Y
- [PR(2,6-1,R,SC,Y-1) + PA(1,G-1,R,8C,Y~-1]
MAXYOS
+  G(¥,G,D,2) - (D-Y+1) - AU(1,G,R,SC,Y-1)
D=Y
= the number of vears oflficers who entered grade G

in YOS Y spend in grade G betfore being promoted

to grade G + 1.
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MAXYOS
RYRS(G,Y} = H(Y,G,D,1) - (D-Y+1)
D=Y

- [PR(2,G-1,R,SC,Y-1) + PA({1,G-1,R,SC,V-1)]

MAXYOS
+ . H{Y,G,D,2y « (D-Y+1; - AU{1,G,R,SC,Y-1)
D=Y
= the number of vears officers who entered grade € in

YOS Y spend in grade G before retiring from Grade G. (19

The mean times can now be computed as:

MAXYOS MANYOS
MTTP{GT)

I
g
o
o
N
—~
[}
o
N
~

PR(2,G,R,SC,J)

= mean time between entering the categorv and being

promoted out of it. (20)
MAXYOS MAXY0S
MTTR(G) = RYRS(G,J)/ L(2,G6,R,SC,T)
>
J=1 J=1

= mean time between entering the categorv and being lost

from the service before leaving the category. 21y

ADJUSTMENTS FOR THE OTHER CASES

The main difference between the mathematice for case 1 and fer the
other cases is that the flows in and out differ from case to casc. Wwhen
dealing with reserve officers, fractions of eligibles and noneligibles
who leave a state to augment the regular force must be computed as well
as the fractions promoted and retired; and it must be remembered that
only eligibles mayv receive promotion/augmentations. In determining
the number of reserve eligibles, it is necessarv to keep in mind that
some of the officers who were promoted within the waiting period (and
so would not vet be eligible) were made regular before thev became
eligible. The equation for finding the nuwber of reserve nonlieutenant

eligibles when MIN is greater than 2 is:
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ELG(1,G,R,SC,Y) = $(1,G,R,SC,Y) - PR(1,G-1,R,SC,Y-1)

MEN i=1

-< [1-8(1,G,R,SC,Y-k) - AUG(1,G,R,SC,Y-k)]
i=3 | k=2

» PR(1,G~1,R,SC,Y-1) (22)

where

AUG(1,G,R,SC,Y) = AU(1,G,R,SC,Y)/S(1,G,R,SC,Y)

= augmentation rate, i.e., the fraction of officers
in state (1,G,R,SC,Y) who are augmented to state
(2,5,R,SC,Y). This is comparable to the loss rate

and is used similarly. (23)

Also for the reserves, there are more wavs of leaving the category,
so that in addition to goodness measures for loss and promotion, good-
ness measures for promotion/augmentation and augmentation need to be
computed. On the other hand, all officers enter the category via pro-
motion so that the path probability arrays do not need the fourth sub-
script used in Egs. (12) to (13) to distinguish between officers who
entered via promotion and those who entered by some other means. This
does not mean that there are fewer possible paths, since the increase
in exits balances the decrease in entrances. The path probabilities
are computed as before, that is, by multiplving all possible combina-
tions of flow probabilities for each combination of vear of entrance
and year of exit.

For lieutenants, the mathematics are simplified by the fact that
all lieutenants are eligible for promotion at all times, so it 1s never
necessary to divide the officers in any cell into two groups with dif-
fering path probabilities. On the other hand, rating transfers to
pilot and navigator, and rating transfer/augmentations to pilot and
navigator must be accounted for either as additional ways of entering

rated lieutenants (in which case, of course, we only deal with the
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transfer to the appropriate rating) or as additional wavs of exiting from
nonrated categories {in which case we have an additional four types of
exits for which to compute goodness measures).

Essentiallv the adjustments which need to be made to the mathematics
are simply adding or removing terms from the equations to account for
all the flows into or out of a state or categorv. Once all the route
probabilities have been computed the manner of computing the individual

goodness measures is identical to that for case 1.



Appendix C
INPUT DATA

After the two header cards (which will be discussed later) that
begin the input data deck for the grade limitation model, there are
nine types of data which can be used by the model. Each type of data
and its input format will be discussed in detail., In general, the nine

types are as follows:

1. Grade authorizations.
2. Flow ratios* of augmentations to promotions (for nonlieutenants)
or rating transfers to augmentations (for lieutenants).
3. Flow ratios* of promotion/augmentations to promotions or rating
transfer/augmentations to augmentations.
. Flow distributions* for rating transfers.

*
. Flow distributions for rating transfer/augmentations.

. Flow distributions for promotion/augmentations.

*

4
5
6. Flow distributions* for augmentations.
7
8. Flow distributions for promotions.

9

. Loss rates.

A1l of the above data may be entered in great detail, with specific
data given for each category, or in some cases, even for each state, of
the officer structure. If, however, such great flexibility is not de-
sired, the data can also be aggregated by component, source of commission,
or rating. Because of these options it is necessary that each data card
indicate what subset of the officer force it applies to. Unless other-
wise indicated, Columns 1 to 20 of each input card should contain the

following information.

% .
See Section III, Model Inputs for definitions of these data types.



Columns

Columns

Columns

Columns

Columns

1 to 4

5 to 8

*
9 to 12

*
13 to 16

*
17 to 20
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Type of Data

GRAU - Grade Authorizations

PRP - Augmentation to Promotion Ratios
PRA -~ Promotion/Augmentation to Promotion Ratios
TRAN - Rating Transfer Distributions
RTAU - Rating Transfer/Augmentation Distributions
AUG - Augmentation Distributions

PRAU - Promotion/Augmentation Distributions
PROM - Promotion Distributions

LOSS - Loss Rates

Component

REG - Regular

RES - Reserve

ALL - RES and REG

Grade

LT - Lieutenant

CAP - Captain

MAJ - Major

LTC - Lieutenant Colonel

COL - Colonel and General

Rating

PIL - Pilot

NAV - Navigator

NR }

SUP Nonrated or Support

RAT — PIL and NAV

ALL - PIL, NAV and NR

Source of Commission

AFA ~ Academies

ROTC - Reserve Officer Training Corps
g?go} - SMS-0 or Officer Training School
RES - ROTC and SMSO

ALL - AFA, ROTC, and SMSO

*

It will be noted that the order of columns is somewhat different
on the Grade Authorization Data format and Rating Transfer Data (Figs.
26 to 28).
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In addition, all the cards for a given type of data should be
grouped together, preceded by a card stating the type of data in Columns
1 to 4, and followed by a blank card. Finally, Columns 73 to 80 of each
card may be used for comments or sequencing of the input deck. The nine
groups of data cards, one for each data type, may be arranged in any
order in the input deck. Also, if a certain type of data will not be
used in a given run, the group of cards for it may be left out entirely.
For example, if a run is to be made in which no rating transfer augmen-
tations are to take place, it is not necessary to include any input cards
that refer to the flow distributions for rating transfer augmentations.

The input deck will have only eight data types in it.

Grade Authorizations (GRAU)

These data indicate the number of officers in each category of the
officer structure. Figure 14 illustrates the card format for the data.

Note that if the first card in the GRAU input deck had ALL in the
component field rather than RES, this would not mean that there are a
total of 3681 ROTC pilot lieutenants. It would mean that there are 3681
regular ROTC pilot lieutenants and 3681 reserve ROTC pilot lieutenants.
This is true for all the possible aggregations for each type of data.
When we aggregate the data we are not summing over the categories or
failing to distinguish between categories; we are just saying that the
various categories included in the aggregation have the same data. This
saves the user from having to enter the same data more than once if they

are shared by several categories.

Flow Ratios (PRP and PRA)
Figures 15 and 16 show the card formats for the two types of flow

ratio data. Note that Columns 5 to 8 (usually the component identifier)
are left blank. This is because a flow ratio is needed only when two
(or more) different types of flows come into any one category. This
happens only when augmentations or some combination flow including aug-
mentations takes place. Therefore, it occurs only for flows into the
regular component, so it is not necessary to specify which component

the data apply to. Columns 5 to 8 must be left blank; do not put "REG"
in them.
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Flow ratios always refer to flows into a category, never out of
it. Since all grades, except lieutenant, always have promotions flowing
in, we use promotions as the denominator of the flow ratios for those
grades. Lieutenants, however, have no promotions flowing in, so the
base of the ratios for lieutenants is augmentations. Note also that
since rating transfers flow only into rated categories, there will be
no flow ratios for nonrated lieutenants.

The data cards can each hold five data items, but it is not nec-
essary to use up the whole card. If the user wishes, he may put only
one data item on each card and leave the rest of the fields blank. But
if a data item is equal to zero, it is not necessary to enter it at all,
although the user may if he wants to. These options are true for all

nine types of data.

Flow Distributions (TRAN, RTAU, AUG, PRAU, PROM)

Figures 17 thru 21 show the card format for the five types of flow
distribution data. As usual, these all refer to flows into the category
identified in Columns 1 to 20. The year of service is the year that the
flow ends in. For example, Fig. 17 shows that rating transfers into
Academy pilots flow from the first year of service to the second year of
service. Since the flow distribution for that year is 1.00 (meaning 100
percent of these rating transfers occur into year 2), no rating trans-
fers to Academy pilots take place at any other time. Since rating trans-
fers apply only to lieutenants, the grade identifier in Columns 9 to 12
is left blank. Further, for rating transfer/augmentations, the component
identifier also (Columns 5 to 8) is left blank, since only the regular
component receives augmentation flows. The component is not specified
for augmentations and promotion/augmentations for the same reason. Note
that only those years of service for which the flow distribution is not

zero need be included on the data cards.

Loss Rates (LOSS)

These data indicate the rates of attrition (due to death, disability,

retirement, separation, etc.) by component, grade, rating, source of com-

mission, and year of service. Figure 22 illustrates the input deck's
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format. Each data entry indicates the fraction of officers in the state
that leave the officer force during or at the conclusion of the year of

service.

Two Header Cards

In addition to the nine types of input data, two cards are required
at the beginning of the input deck. On the first card, the user may
enter a run title which will appear on each page of output produced by
the model. This title may include the entire 80 columns of the card.

The second card is an "option card" which allows the user to specify
which sets of output, from either the regular output package or the good-
ness measure package, he wishes to have produced. Since the entire
outputs, aggregated and unaggregated, may run to hundreds of pages, the
user may specify that he wishes only aggregated outputs or only some of
the unaggregated outputs. The format of this card is shown in Fig. 23.
Blanks indicate that the option is not desired, e.g., if Columns 1 and
2 are left blank, officer flow reports for each component will not be
produced. If anything other than blanks are shown in an option field,

the user will get the indicated output. The fields are:

Columns 1 to 2: Leave blank unless officer flow reports are
wanted for each component.

Columns 3 to 4: Leave blank unless officer flow reports are
wanted for each rating.

Columns 5 to 6: Leave blank unless officer flow reports are
wanted for each source of commission.

Columns 7 to 10: Leave blank if implied forward computation
inputs are not wanted.

Columns 11 to 12: Leave blank if no goodness measure outputs
are wanted.

Columns 13 to 16: Specify the minimum waiting period (in years)
between promotions if wanted. This must be 1
or more and defaults to 2. (Goodness measure

package only),.
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Columns

Columns

Columns

Columns

Columns

Columns

17

19

21

23

25

33

to

to

to

to

to

to

18:

20:

22:

24

28:

40:
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Leave blank if goodness measures are not to be
aggregated by source of commission.

Leave blank if goodness measures are not to be
aggregated by source and component.

Leave blank if goodness measure are not to be
aggregated by component only.

Leave blank if goodness measures are not to be
aggregated by rating.

This contains: 1 if the user wants to have an
implied input deck for the progression model
punched out; 2 if he wants an implied input
deck for the grade limitations model; 3 if he
wants both.*

Year of service range for the augmentation
opportunity report. The user must tell the
model the first and last years in which aug-

mentation takes place. The default is 3 to 7.

*After the grade limitations model computes the officer structure
and the associated flows, it determines what the inputs must have been
in order to generate the officer structure and associated flows. This
is done without referring back to the original inputs used to generate

the officer force structure. In addition, the model determines what
the progression model inputs would have to be in order to generate an
identical officer structure and associated officer flows. These newly
determined inputs can then be punched as input decks, if the user so
requests. The ability of the model to generate such input decks is
useful when the grade limitations model and the progression model are
used together,
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Appendix D
SAMPLE QUTPUT

This appendix contains excerpts from a computer printout of the
grade limitations model. The first 8 pages shown (pages 2 to 8 and 10
of the printout) show summary printouts of the model's inputs. Page
15 of the printout shows which types of data were in the input deck.

We see there were only 8 data types read, and data type RTAU was not
included. This means that no rating transfer/augmentations took place
in this particular run. The remaining pages show sample output reports
from the same computer run. For the purposes of illustration we will
show only ROTC reports, although similar reports are given for OTS and

Academy in all cases.

OFFICER INVENTORIES

Output pages 21 to 25 show the officer inventory, or grade distri-
bution, tables for the ROTC source of commission. For example, page 21
shows how ROTC pilots are distributed by component over grades and years
of service. Page 22 does the same for navigators. On page 23 (nonrated
ROTC officers), under reserve lieutenants in year of service 1, we see
that the yearly ROTC accessions for this run are 4500 officers. Access—
ions are shown more explicitly later. Page 24 shows the ROTC officer
distribution for rated officers, i.e., the pilot and navigator distri-
butions added together. At the bottom of each officer inventory report,
there is a line which gives the average year of service for the officers
in each column of the report. For example, by looking at the right-most
column of page 25 (all ratings), we see that there are a total of 46,739
ROTC officers in the force, and they have an average year of service of
8.86 years.

Page 40 of the output gives the grade distribution across the entire
force. We see, by looking at the sum of the right-most column, that the
force size is 97,849. Under year 1 for reserve and regular lieutenants,
we see that a total of 9,359 yearly accessions are needed to support this

force size.
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Pages 43 and 44 illustrate the rating distribution tables given
for lieutenant colonel and lower grades, and for colonel and higher

grades.

OFFICER FLOWS

Pages 53 to 55 of the printout illustrate the officer flow reports.
These tables show officer flows into and out of each state by component,
grade, rating, source of commission, and year of service. The ROTC
flows aggregated by component and rating are shown. At the bottom of
page 53 we see the flows for all ROTC lieutenants. Note that in YOS 1
the current officer state is 4500 lieutenants, which is the number of
ROTIC accessions. Of these 4500, 113 are lost to the Air Force (attrition),
2110 receive rating transfers, and 2277 remain nonrated lieutenants.
Looking at flows out of year 4 we see that 384 officers receive augmen-
tations and are promoted to captain and 2711 officers are simply promoted
to captain. If we move to page 54 now and look at flows into ROTC
captains in service year 5, we see the 384 promotion/augmentations and
2711 promotions that flowed out of year 4 as lieutenants. Pages 54 and
55 show the flows for majors, lieutenant colonels, and colonels/generals.

Note the summary lines following each flow table.

PROGRESSION MODEL INPUTS AND OFFICER FLOWS

Rates and Flows

The next report is illustrated on output page 64; it shows how the
officers move through the various phases of the progression model compu-
tation process as they flow from one year of service to the next. The
Officer Force Progression Model moves officers from one year of service

to the next in the following steps:

o Attrition
(o) Rating transfers (if Lieutenant)
o] Augmentation

0 Promotion
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The progression model does not handle combination flows (such as
promotion/augmentation, etc.) separately, as does the grade limitations
model. Instead, it can promote officers who received regular commis-
sions in the augmentation step of the same cycle. This, of course,
has the same effect. The reports illustrate the actions taken at each
step of the cycle from the progression model point of view.

The examples shown refer to ROTC pilots holding reserve commissions,
and each report deals with a different grade. At the top of page 64 we
see the report for lieutenants. In YOS 1 there are no officers in the
current state (the initial officer state), and so there are no losses.
There are, however, 1449 rating transfers from nonrated to pilot; and
the report shows this as a flow into the cycle. Continuing, no augmen-
tations and no promotions take place thus yielding 1449 officers in YOS
2. This 1is precisely the number reported in the Officer Force Grade
Distribution report on output page 21 and the officer Force Rating Dis-
tribution Report on output page 43.

For another example, note that there are 1041 officers in the
initial state for YOS 4; 16 are lost, leaving 1025 and implying a loss
rate of 0,015. No rating transfers take place, and 274 augmentations
to regular take place leaving 751 officers in the state and implying
an augmentation rate of 0.267. Finally we see 714 promotions to captain
taking place, which leaves 38 and gives a promotion rate of 0.9499.

Now, looking at the report for captains in the middle of page 64, we
see 714 flows into the YOS 4 promotion phase. These are the 714 officers
who were promoted out of lieutenant.

Recall that the rating transfer rates, augmentation rates, and loss
rates just generated are given to the progression model, but that the
promotion rates are not. The promotion opportunities and percentages
needed are calculated and printed out separately by the grade limitations

model.

Accessions
Page 90 shows the annual accessions of each source of commission,
the number of rating transfers (UPT and UNT graduates), and the fraction

of the accessions that receive each type of rating transfer.
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Promotion Parameters

The progression model's promotion parameters for captains and majors,
as calculated by the grade limitations model, are shown on page 91. 1In
the progression model, all promotions into a given grade are constrained
to take place in a four-year promotion "zone". This four-year zome is
broken up into two subzones of two years each. The last two years of
the promotion zone are known as the "primary zone" and the first two as
"below-the-zone' years. The first year of the primary zone (i.e. the
third year of the entire promotion zone) is known as the ""phase point
year". Going from left to right on page 91, we see the cumulative pro-
motion opportunities for the 1lst and 2nd years of the primary zone for
the category identified, then the percentage of the total promotions
which take place below the zone. The fourth column of numbers is the
percentage of below-the-zone promotions which take place in the lst year
below-the-zone, and the fifth column is the phase point year. These five
numbers are the inputs needed by the progression model; the eligibles and
total promotions were included in the output for purposes of checking and

to make it easier for the user to see what is going on.

AUGMENTATION OPPORTUNITIES

Although the progression models use augmentation rates, policy plan-

ners often need to know augmentation opportunities. Page 93 of the print-

out shows the augmentation opportunities for the sample run. Augmentation
opportunity is defined to be the percentage of the total number of offi-
cers with a given grade and rating who hold regular commissions. In con-
trast the augmentation rate is the percentage of officers who are not

lost to the Air Force and who do not receive rating transfers that hold

regular commissions. The difference is that opportunity is calculated
before losses and rating transfers are taken into account, while rates

are calculated after losses and rating transfers are accounted for.

REGENERATION OF THE GRADE LIMITATIONS MODEL INPUTS

Pages 94, 96, and 99 show excerpts from the reports of the grade
limitations model's regeneration of its own inputs. Page 94, at the
top, shows the grade limitations or authorizations (summary of officer

state) and, below, all the various flow ratios required. Note that,
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in this run, rating transfers and augmentations never took place at

the same time, hence the lack of all rating transfer ratios. Page 96
shows augmentation distributions for ROTC officers as an example of
how the flow distributions are displayed. Note that for each rating
and grade the sum of the distributions is 1.00. Page 99 is a sample of

how promotion distributions are displayed.

THE GOODNESS MEASURES

Pages 104 and 105 show the results of the goodness measure computa-
tions for ROTC pilots. Note that the only ways of leaving the category
of regular ROTIC pilot are via promotion or retirement (loss), but that
reserve ROTC pilots may also receive regular commissions. The probabil-
ities and mean times for nonrated officers would include various rating

transfer flows.

CFPFICER GRADE LIMITATIONS ¥ODEL SAMILE RUN PAGE 104

COMPONENT: EKEGULAR RATING: PILCT SOUBRCE OF COMMISSION: ROTC

PROBABILITIES OF POSSIBLE EXITS FROM GRADE

LIs CAPTRIN MAJOR LT COL COL/GEN
PROMOTION 0.900 0.737 0.617 0.uu6 0.0
FETIREMENT 0.100 0.263 0.383 0.554 1.000
TO0TAL 1. 000 1.000 1.000 1.000 1.000

MEAN TIME TO POSSIBLE EXITS PEOM GRADE

LIS CAPTAIN MAJOR LT CCL CCL/GEN
PROMOTION 1.000 4.794 5.803 5.678 0.0
REZIREMENT 1.484 5.640 8.670 8.767 7.253

Fig. 51--Printout page 104
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OPFICER GRADE LIMITATIONS MODEL SAMPLE ROUN PAGE 105

COMPONENT: RESERVE BATING: PILOT SOURCE OPF COMMISSION: ROTC

PROBABILITIES OF POSSIBLE EXITS PROM GRADE

LTS CAPTAILY MAJOR LT CcaL COL/SEN
PROMOTION 0.502 0.03% 0.0 0.0 0.0
RETIREMENT 0.067 0.837 0.107 0.0 0.0
PROMOTION-AUGMENTATIOR 0.183 0.0 0.0 0.0 0.0
AUGMENTATION 0. 249 0.128 0.893 0.0 0.0
TOTAL 1.000 1.000 1.000 0.0 0.0

MEAX TIME TO POSSIBLE EXITS FROM GRADE

LTS CAPTAIN HAJOR LT COL COL/GEN
PROMOTION 2.981 8.925 0.0 0.0 0.0
RETIREMENT 2.722 2.871 1.064 0.0 0.0
PROBOTION-AUGKENTATION 2.983 0.0 0.0 0.0 0.0
AUSHENTATION 2.038 1.013 1.002 0.0 0.0

Fig. 52--Printout page 105
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