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PREFACE

This report was prepared as part of The Rand Corporation's Manpower
Personnel and Training Program, sponsored by the U.S. Air Force; it
presents work done under the Supply and Retention of Air Force Officers
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 year group.
This report is part of a series examining the mutual impact of changes
in personnel policy and in the supply and retention of officers, as
well as the number and flow of officers by component, years of service,
source of commission, and aeronautical rating.

The ability to manage U.S. Air Force personnel.in general and of-
ficers in particular is important because people are the most critical
resource in the Air Force. ''People costs' have increased until they
now constitute more than half of each annual Air Force or Department
of Defense budget. Moreover, newer and more sophisticated weapon sys-
tems make essential the attraction and retention of qualified officers.
The discontinuation of the draft and the transition to an all-volunteer
force have changed the value, and hence the use, of traditional person-
nel planning factors.

The set of computer-based models of which the Officer Force Pro-
gression Model* described here is a part is designed to provide person-
nel planners with both broadly based aggregated data and detailed
officer inventories and flows reflecting the effects of policies and
conditions under investigation.

In addition to the present report, the above-mentioned series of

Rand publications includes the following (in preparation):

o R-1606-PR, A System of U.S. Air Force Officer Personnel Plan-

ning Models: An Overview.

*
The actual computer program for the model is available from The
Rand Corporation on request.
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o The Constrained Officer Force Progression Model: A Steady-
State Mathematical Model of the U.S. Air Force Officer Structure.
o R-1632-PR, The Officer Grade Limitations Model: A Steady-

State Mathematical Model of the U.S. Air Force Officer Struc-
ture.

o The Retention of U.S. Air Force Officers.
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SUMMARY

The Officer Force Progression Model (OFPM) is designed to supple-
ment TOPLINE* long~term or steady-state computer models in a way that
permits the personnel planner to examine the effect of changes in per-
sonnel policy on the structure and flows of the officer force.

Air Force personnel planners often face policy alternatives that
lead to changes in accessions, training rates, loss rates, promotion
policies, or augmentation opportunities (the acceptance of reserve of-
ficers into the regular force). The personnel planner may input these
changes into the OFPM in terms of such common characteristics as com-
ponent, grade, aeronautical rating, source of commission, and year of
service; the OFPM then computes the effects of the changes on the number
of officers with these characteristics who are lost, promoted, aug-
mented, or otherwise changing from one state to another.

If, for example, the user wishes to specify that there will be 100
Academy-graduated accessions to the officer force, the OFPM will com-
pute the number of Academy graduates that will reach any state or flow
from any state per 100 accessions. This information is useful in de-
veloping long-term steady-state planning factors such as the number of
promotions from captain to major per 100 accessions, or the number of
pilots of lieutenant colonel or lower grade with less than 25 years of
service per 100 accessions, and so forth., The same is true for ROTC or
Officer Training School accessions.

Thus, the personnel planner has a tool that enables him to measure
the effects of policies imposed on him (i.e., those beyond his control)
and to select from alternative policies when he does have a choice. The
OFPM provides this tool by computing the long-range effects of these
changes in terms of promotion opportunities, promotion phase points,
augmentations, force cuts or expansions, and the inventory of officers
by component, grade, aeronautical rating, source of commission, and

years of service.

*

Department of the Air Force, The USAF Personnel Plan, Volume 2,
Officer Structure (TOPLINE), Washington, D.C., May 1971 (For Official
Use Only).
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I. TINTRODUCTION

The Air Force has consistently been innovative in its development
of officer force structure policy planning and implementation by means
of computer models using a systems approach to personnel management,
the basic concepts of which are contained in the several volumes of the
USAF Personnel Plan.(l) Volume Two, Officer Structure (TOPLINE) 1971,*
describes the philosophy and computer models that apply to the officer
force structure. The TOPLINE static personnel planning model is used
by Headquarters USAF to develop its long-term officer structure goals,
using the assumption that for long-term planning purposes ideal and
steady-state conditions will apply. Steady-state conditions are hypo-
thetical; they apply only when loss rates and other planning factors
do not change from year to year (that is, when the system is in equi-
librium, gains exactly equal losses, and the inventory of officers and
their characteristics do not change from year to year).

The Rand Corporation has developed a system or family of officer
force personnel planning models to supplement and extend the TOPLINE
static personnel planning model. These "second-generation' planning
models provide increased capability to analyze the long-term effects
on the officer force structure of changes in policy or various external
or environmental influences. This system of officer force planning

models, described in this and companion reports, includes the follow-

ing:

0 Unconstrained 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).

*
TOPLINE is a short title for '"total officer personnel objective
structure for the line officer force."



o Officer force behavioral model (short title: behavioral

model) .

The use of these models provides increased capabilities in the following

ways:

o Expansion of inputs and outputs.
0 Allowance for interaction of changes in policies, officer
behavior, and the officer structure.

o Provision for the impact of grade limitationms.

Section II presents an overview of the models, describing each
model briefly and familiarizing the reader with the concepts and vocabu-
lary employed. The concept of an officer's state as his status at a
given point in time is discussed first. For example, one element of
an officer's state is his rating: 1Is he a pilot, navigator, or non-rated?
Then we describe the movement (or flow) between states; non-rated of-
ficers might, for instance, become pilots. Next, several promotion
concepts are introduced, followed by a rigorous definition of what is
meant by a steady-state or static model. Finally, each of the four com-
puter models is described in nonmathematical terms.

Section III presents the mathematical basis of the progression
model, further refining and making mathematically rigorous the officer
flow concepts introduced in Section II. Sections IV and V describe
the model's inputs and outputs. Appendixes A and B describe the de-
velopment of the detailed mathematical formulas used in the progression
model. Readers not interested in the mathematical details may omit

Section III and the appendixes without great loss of understanding.



II. OVERVIEW OF OFFICER FORCE PERSONNEL PLANNING MODELS

The progression model, constraints model, and grade limitations
model are steady-state, Markovian, mathematical simulations of flow.
The Air Force officer force is a hierarchical system with the following

characteristics that make it suitable for analysis by Markovian models:

1) entries into military systems are made at specific low-
level entry points in the hierarchy; 2) recruits (either of-
ficer or enlisted) are essentially undifferentiated, with
speclalization occurring as a result of training and ex-
perience that takes place after entry into military life;
and 3) because breaks in service are rarely allowed, the
process of movement through the military personnel system
becomes a close analogy to an actuarial, life-death, model
of life expectancy.(2§

As observed elsewhere in Ref. 2,

The "flow" of personnel through a system may be thought of

as movement from state (e.g., grade, year of service, occupa-
tional specialty) to state. The utility of the concept de-
pends upon the definition of meaningful subsets of the popu-
lation 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.

(Note that a basic assumption of Markovian models is that movement de-
pends only on where an individual is located in the system, not where he

has been.)

STATES

The following characteristics are used to group Air Force line of-

ficers into states (or '"cells" or "nodes") that form subsets of the of-

ficer force.



o  Component (C)*
(1) Reserve*
(2) Regular
o Grade (G)
(1) Lieutenant (first or second)
(2) Captain
(3) Major
(4) Lieutenant colonel
(5) Colonel and higher grades combined
o Aeronautical rating (R)
(1) Pilot
(2) Navigator
(3) Non-rated
o Source of commission (IS)
(1) Academy (Air Force, military or naval)
(2) ROTC
(3) Officer Training School (OTS) and all other
o Year of service (Y)
(1) First
(2) Second

(35) Thirty—fifth+

The variable name S(C,G,R,IS,Y) is used to represent the count of
officers in state (C,G,R,IS,Y). Thus, $(2,1,1,1,2) = 1000 indicates a
count of 1000 Academy-graduated (IS = 1) lieutenants (G = 1) who are in

the regular component (C = 2), are pilots (R = 1), and have completed one
+

but not two years of total active federal commissioned service (Y = 2).

*
Symbol in parenthesis denotes characteristic. Number in parenthe-
sis is the code for a given subdivision.

+"Years of service" (Y0S) is synonymous with the number of years
of total active federal commissioned service (TAFCS). An officer is in
his i-th YOS when he has completed i-1 but not i years of total active
federal commissioned service. The time unit in the OFPM is one year.
Inputs and outputs are also in terms of yearly units.

A convenient way to remember subscript positions is to note that
they appear in alphabetical order, namely, component, grade, rating,
source of commision, and year of service, or (C,G,R,IS,Y).



UNDERLYING ASSUMPTIONS

The next subsection discusses the flows through the Air Force of-

ficer system that are computed in the progression, constraints, and
grade limitations models. However, it is useful first to list and dis-

cuss the assumptions used in the development of the models:

o Academy graduates are regular officers throughout their active
career. It is possible for Academy-graduated officers to give
up their regular status by separating, joining a reserve unit,
and being recalled to active duty, for example, but the un-
likely possibility of an Academy graduate being other than a
regular officer is not considered in these models.

o Net suspensions or grounding of pilots or navigators is con-
sidered to be zero, i.e., it is assumed that pilots (or naviga-
tors) leaving flight status exactly equal those returning to
flight status after having been grounded or suspended.

o 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
assigned to undergraduate pilot or navigator training.

o All officers enter the Air Force as non-rated officers; approxi-
mately one year is necessary to obtain an aeronautical rating
of pilot or navigator. From this and the prior assumption,
the models permits neither officers in their first year of
service nor captains or higher grade non-rated officers to
become pilots or navigators.

o ROTC, 0TS, and other non-Academy graduates who become officers
enter the Air Force as reserve lieutenants in their first year
of service. In the past, distinguished military graduates
have been awarded regular commissions and have entered active
Air Force duty as regular officers in their first year of ser-
vice. 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.



o All grades of officers considered in the models are current
(sometimes called temporary) rather than regular (sometimes

called permanent) grades.

FLOWS
The progression, constraints, and grade limitations models provide

for the following flows through the Air Force officer system:

o Losses.

o Rating transfers: Non-rated to pilot via undergraduate pilot
training (UPT) or non-rated to navigator via undergraduate
navigator training (UNT) are the only rating transfers con-
sidered in the officer force personnel planning models.*

o Augmentations (reserve to regular).

o Rating transfer and augmentation (both in same year).

o Promotions.

o Promotion and augmentation (both in same year).

o Lateral (officer ages one year and does not change component,

grade, or aeronautical rating).

This subsection presents an overview of the types of flow, and the
next section discusses the topic in detail. In the figures that follow,
flows are represented by arrows, the tails of which indicate the state
from which the officer came (i.e., his state sometime during YOS Y-1)

and the heads of which indicate his state sometime during YOS Y.

Losses: L(C,G,R,1S,Y)

Figure 1 depicts the flow of officers in state {C,G,R,1S,Y) who
separate, retire, or are otherwise lost to the Air Force in their Yth
YOS, t.e., after they have completed Y-1 but before they complete Y
years of total active federal commissioned service.

*
Suspensions or grounding of pilots or navigators are not computed

either in the TOPLINE static model or the series of officer force per-
sonnel planning models. )



Source of Commission: IS

Grade Component Rating 1 2 3 ces Y seo 35

L (C,G,R,IS,Y)
G C R ee s e e

Fig. 1=— Loss flows

*
Rating Transfers: RT(C,G,R,IS,Y)

The flow of officers who are non-rated in YOS Y-1 and who complete
UPT (or UN’T)TL to achieve pilot (or navigator) status in YOS Y without
changing their component or grade is illustrated in Fig. 2 for Y = 2.

Source of Commission: IS Year of Service
Grade Component Rating 1 2 3 eee
Lieutenant C Non-rated (3) RT (C,1,1,15,2)
Lieutenant C Pilot (1)
Lieutenant C Navigator (2) RT (C,1,2,15,2)
‘ e ® ®
. . .

Fig.2— Rating transfers--non-rated to pilot RT (C,1,1,IS,2) or
to navigator RT (C,1,2,1S,2) in YOS 2 -

*
R=1or 2, i.e., pllots or navigators only.

1-U'P'I‘ and UNT student officers are counted as non-rated.
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RT(C,1,R,IS5,2) contains the number of non-rated lieutenants in YOS
1 that take on rating R in YOS 2. The officer force personnel planning
models assume that all rating transfers have been completed prior to
the first year of service in which promotion from lieutenant to captain

*
is permitted.

Augmentations: AU(2,G,R,IS,Y)

The flow of officers from the reserve to the regular component is
illustrated in Fig. 3, which illustrates the flow from state
(1,G,R,1S5,Y-1) to state (2,G,R,IS,Y) (i.e., reserve in YOS Y-1 to regu-
lar in YOS Y); the flow is equal to AU(2,G,R,IS,Y).

Source of Commissicn: S
Grade Component Rating 1 2 3 eee¥Y=-1 Y oo
[ ] Y [ ] [ ]
G Reserve (1) R o\f‘u (2,G,R,IS,Y)
G Regular (2) R o
* [ ] ® ]

Fig. 3— Augmentation flows

*If the user, by his inputs, forces rating transfers and promotions
to occur in the same year of service, the progression model will not
halt computations, but will print warning messages after completion to
indicate that the results should be considered as only approximately
correct.
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Rating Transfers and Augmentations: RA(2,1,R,IS,Y)

Figure 4 illustrates the flow of officers from state (1,1,3,1S,Y-1),
i.e., reserve non-rated lieutenant, to states (2,1,1,IS,Y) and (2,1,2,1S,Y),
i.e.,; regular lieutenant pilot and regular lieutenant navigator, respec-
tively. In other words, a reserve non-rated lieutenant becomes a regular
rated lieutenant, i.e., both rating transfer and augmentation occur.
RA(2,1,R,IS,Y) represents the flow into rating R (R = 1 for pilot and 2

for navigator) in the above example.

Source of Commission: IS Year of Service
Grade Component Rating cee Yl Y eees
[ ® ®
® ® ® .
® [ [} ’ .
Lievutenant Reserve (1) Non-rated (3) RA (2,1,1,1S,Y)
Liautenant Regular (2) Pilot (M
Licutenant Regular (2) Navigator (2) RA(2,1,2,15,Y)
L [ 3 ®

Fig. 4— Rating transfer—augmentation flows

Promotion Flows: PR(C,G,R,IS,Y)
The flow of officers from state (C,G-1,R,IS5,Y-1l) to state

(C,G,R,IS,Y), i.e., a promotion from grade G-1 to grade G, is illustrated

in Fig. 5.
Source of Commission: 1S Year of Service
Grade Component Rating eee -] Y e
o ® ®
[ ® [ ]
[ [ L]
G-1 C R PR(C,G,R,15,Y)
G C R \
[ 4 (] L ]
[ ] : :

Fig. 5— Promotion flows
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Promotion and Augmentation Flows: PA(2,G,R,IS,Y)

Figure 6 illustrates the flow of officers who are reserve officers
in grade G-1 during YOS Y-1 and who are augmented into the regular com-
ponent and promoted into grade G during YOS Y, i.e., their move-
ment is from state (1,6-1,R,IS,Y-1) into state (2,G,R,IS,Y).

Source of Commission: 1S Yeaor of Service
Grede Componant Rating eee Y] Y oo
[ ] ° *
L ® L ]
o *® [ ]

G-1 Reserve (1) = R Q{A()(Z,G,R,IS,Y)
G Regular (2) R

XN ]
[ X N J
[ X N J

Fig.6— Premotion and cugnmentation flows -

Lateral Flows: LAT(C,G,R,IS,Y)

This consists of the flow of officers who do not change their status
from YOS Y-1 to YOS Y except to age one year, i.e., they flow from state
(C,G,R,IS8,Y-1) into state (C,G,R,IS,Y) as illustrated in Fig. 7.

Scurce of Commission: IS Year of Service
Grade Component Rating ece Y-1 L es o
. . .
M . . LAT(C,G,R,1S5.Y)
G C R OO
L ] [ ] *
L] [ ] [ ]
[ ] ® L J

Fig. 7— Lateral flows
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PROMOTION PHASE POINT AND PROMOTION OPPORTUNITY

The officer force personnel planning models are based on the concept

of a promotion phase point and promotion opportunity, as defined below.

Promotion Phase Point

In the progression or the constraints model, promotions into a given
grade can occur in any one of four consecutive years of service. The
first two of these years of service are referred to as the secondary
promotion zone (or secondary zone). Promotions into the secondary zone
are called below-the-zone promotions. The last two of the four promo-
tion years of service are referred to as the primary zone, and the first
year of the primary zone--the third year of the four-year promotion
interval--is called the promotion phase point. Most of the promotions
into the grade take place into the phase point.

Figure 8, which illustrates the promotion flows from captain to
major, shows that the total number of promotions of pilots from captain
to major is 900, with 755 occurring in the eleventh year of service,
the promotion phase point for promotion to major for pilots. The ninth
and tenth years of service are in the secondary zone, the eleventh and
twelfth are in the primary zone, with the eleventh year of service the

first year in the primary zone.

Source of commission: All Years of service
Grade Component Rating 12 3-8 9 101112

© e @

[ 2 ® - ®

. e ® 9 36 755

Vol o) 100

Captain All Pilot o{\:\:{o\é
Major All Pilot °

Fig. 8—Promotion phase point in YOS 11
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The grade limitations model permits the user to specify as many
promotion paths from one grade to the next higher grade as he desires;
it is not limited to four years of service as is the progression or

*
the constraints model.

Promotion Opportunity

The promotion opportunity into grade G is defined as the propor-
tion of officers in grade G-1 or higher in the first year of the pri-
mary zone who achieve promotion to grade G during their career. In
other words, if we define E to be the number of officers in either
grade G-1 or higher at the phase point, and if P is the total number
of officers promoted to grade G, then the promotion opportunity is

given by

P.0. =

1]

The quantity E is referred to as the "number of eligibles." Thus, if
there is a cohort of 1000 captains or higher grade officers with 11
years of service, and 900 of the 1000 have received below-the-zone
promotions to major or are subsequently promoted to major{ then the

promotion opportunity to major is 90 percent.

EQUILIBRIUM CONDITION

In this particular steady-state system, in which the number in the

state does not change from year to year, the flows into a given state
must equal the number in the state and also the flows out of the state.
Figure 9 illustrates the equilibrium condition. It shows flows into

and out of state (2,3,1,2,11) and the quantity in the state.

*In Air Force terminology, the phase point is the year of service
into which most promotions take place. However, the output logic, which
is the same for the progression, constraints, and grade limitations
models, defines the phase point as the third year when the promotion
zone is four years, i.e., when there are four consecutive years with
promotion flows. In all other cases (fewer or more than four consecu-—
tive years of promotions) the output logic selects the phase point to
be the year during which the largest number of promotions take place.
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Thus
Annual flows in: PR(2,3,1,2,11) + LAT(2,3,1,2,11) =
20+ 2 = 22
Annual flows out: 1(2,3,1,2,11) + LAT(2,3,1,2,12) =
1+ 21 =22
State: $(2,3,1,2,11) = 22

Thus the equilibrium condition is maintained.

Now that the reader has been introduced to the concepts and vocabu-
lary of the officer force models, each model will be described in turn
in the following subsections. The reader will find a more detailed
discussion later in this report or in a companion report devoted to

*
each model.

PROGRESSION MODEL

Figure 10 is a schematic representation of the progression model

in its computation of the initial states and flows of ROTC non-rated
officers. Using as input annual accessions, loss, training, and aug-
mentation rates, the progression model computes the number of annual
losses, UPT and UNT production, and augmentations from reserve to reg-
ular component for the first year of service. Finally, the model com-
putes the number of lateral flows of ROTC non-rated officers into the
second year of service. The model continues by computing flows of
reserve and regular ROTC non-rated officers out of the second year of
service and into the third year of service as is illustrated in Fig.
10. By continuing this process, the progression model computes, ex-
plicitly, the flows out of each node or state, the number in the state,
and the flows into each state for all years of service for non-rated
ROTC officers, as depicted in Fig. 1l.

Promotion flows from one grade to the next produce the cascading
effect shown by the dashed lines with arrows in Fig. 11. Promotion
years constitute a cycle of consecutive years during which an officer
may be promoted from one grade to the next higher. The computation of
state and flow quantities during promotion years of service is more

*
See pp. iii and iv for a list of companion studies.

-
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complicated than that for nonpromotion years of service, because promo-
tions during years of service prior to the phase point are affected by
the number of officers entering the phase point who are in the lower
grade or who have already been promoted to the next higher grade.
Therefore, the progression model must simultaneously consider the en-
tire cycle of years of service during which promotions from one grade
to the next higher grade may take place. In the progression model, the
user may specify this cycle or promotion zone to be from one to four
years duration, but not longer than four years.*

A similar set of computations is made for ROTC pilots and naviga-
tors except that the second year of service is the first state possible
for ROTC rated officers, since it is assumed that it takes about one
year to enter and complete UPT or UNT training. The initial flows into
pilot and navigator states are the identical flows out of non-rated
states into UPT or UNT; again, the equilibrium condition holds.

Identical computations may be made for Academy or OTS accessions,
except that there are no reserve officer states for flows of Academy-
graduated officers.

The progression model inputs are accessions and the rates and data
necessary to compute annual losses, UPT and UNT pilot and navigator
production, augmentations of reserve to regular component, and promo-
tions. Outputs of the progression model indicate the computed inven-

tory in each state and amount of flows into and out of each state in

detail and in summary formats.

CONSTRAINTS MODEL

As indicated in Fig. 12, the progression model discussed above is

a subroutine used by the constraints model, the inputs of which include
annual accessions from the Academy and ROTC. The output will have the
computed annual accessions from OTS and sources other than ROTC and the

Academies. Other inputs for officers from each source of commission

*The constraints model also limits promotions to a cycle not to
exceed four years duration; however, the grade limitations model does
not have this restriction and promotions may occur in a cycle with as
many years duration as the user wishes.
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include loss rates and other policy variables such as training and aug-
mentation rates used in the progression model subroutine. 1In addition,

the following manpower constraints must also be provided:

Total number of officers
Number of regular officers
Number of pilots

Number of navigators

o &6 o o o

Career reserve requirements

The career reserve requirement inputs provide, for the reserve sources
of commission, a mechanism for selecting officers for career reserve
status.

The constraints model, using the progression model as a guide,
will try to superimpose the manpower requirements on the officer struc-
ture. The constraints model first distributes the Academy officers
over the years of gservice. If any manpower requirement is exceeded
after this, the constraints model warns the user that the officer struc-
ture is overconstrained and halts execution. If, on the other hand,
no manpower requirements are exceeded, then the constraints model dis-
tributes the ROTC officers over the years of service, trying to satisfy
the ROTC career reserve requirements as it does so. Once again, if any
manpower requirements are exceeded, the constraints model warns the
user that the system is overconstrained. Finally, if the manpower re-—
quirements are still not satisfied, the constraints model will attempt
to satisfy these requirements with the OTS source of commission. With
the OTS source of commission the model has the most flexibility. The
model may alter augmentation and rating transfer rates in its attempts
to satisfy the manpower requirements and will determine the number of
OTS accessions needed to satisfy the manpower constraints.

The inputs and outputs for the constraints model are the same as
for the progression model except that the constraints are specified,
OTS accessions are computed, and some OTS rates may be adjusted by the
algorithms of the constraints model. The outputs of the constraints

model show the computed OTS accessions and adjusted rates as well as
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the number of officers in each grade, force profile, and flows in de-

tailed and summary formats.

GRADE LIMITATIONS MODEL

Figure 13 is a graphic presentation of the grade limitations model

in its computation of the final states and flows of ROTC non-rated
officers. The grade limitations model is sometimes called the "back-
ward" model because of the order in which the computations are done
relative to grade, highest grade computed first; this is done because
all flows into a grade in the grade limitations model occur only to
£fill vacancies created by losses in that or higher grades. For the
highest grade (colonel/general combined) the losses in that grade com-
pletely determine the number of promotions required from the grade of
lieutenant colonel to colonel. Thus by knowing the total number of
colonel/generals authorized, the loss rates, and the flow or frequency
distribution of promotions into colonel/generals, the model is able to
compute a unique mathematical solution for (1) the losses from the
grade, (2) the number of officers in each cell, (3) the total number
of promotions into the grade, and (4) the distribution of promotions
into the grade by year of service. Similarly, because the model knows
the promotion flows out of the grade of lieutenant colonel, the total
number of lieutenant colonels authorized, the loss rates, and the flow
or frequency distribution of promotions into the grade of lieutenant
colonel, it can compute a unique mathematicai solution for the flows
into the grade of lieutenant colonel and the quantity of officers in
each cell. Working backward, the model continues until this type of
computation is made for all grades through and including the grade of
lieutenant, as is shown in Fig. 14.

It is possible for more than one type of flow to occur into and
within a grade. For example, flows into ROTC regular non-rated captains
may include promotions of regular non-rated lieutenants who become
regular non-rated captains as well as reserve non-rated captains aug-
mented into the regular component to become regular non-rated captains.
The grade limitations model needs as an input the flow ratio of the

number of augmentations to the number of promotions into ROTC regular
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non-rated captains. For example, if 100 officers flow into ROIC regular
non-rated captain status each year and the augmentation/promotion flow
ratio is 1:3, then there must be 25 augmentations and 75 promotions in-
to ROTC regular non-rated status each year under the equilibrium condi-
tion and steady-state assumption. It may seem that providing grade
limitations and flow ratios in terms of ROTC regular non-rated captain
and similar categories could be difficult. However, the progression or
constraints model can be used to great advantage in estimating these

and other inputs for the grade limitations model. Flow or frequency
distributions (see Fig. 13) detailing the fraction of a flow that occurs
each year of service are also inputs to the grade limitations model

that may be obtained by means of the progression or constraints models,
if they are not available from other sources.

Figure 15 is a schematic diagram of the primary inputs and outputs
of the grade limitations model. A more detailed description of the
model may be found in a companion report.*

The grade limitations model is useful when the Congress or other
authority imposes a set of grade limitations, at which time the Air
Force is faced with the problem of determining accessions and personnel
policies consistent with these limitations and long-run Air Force ob-

jectdives.

BEHAVIORAL MODEL

The behavioral model is designed to simulate the responsiveness of
officer retention rates to changes in promotion probabilities, promotion
phase points, and--for reserve component officers--changing probabili-
ties of augmenting into the regular component. Additionally, the model
controls for factors external to the Air Force, e.g., officer pay and
alternative civilian pay.

The model is actually a system of three equations: a separate
equation for pilots, navigators, and non-rated officers. For each equa-
tion, retention rates may be estimated for various combinations of

source of commission (Academy, ROTC, OTS, and other), component (regular

*
See pp. iii and iv for a list of companion studies.
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or reserve), grade, and years of service in conjunction with the values
of variables listed above: promotion probabilities, promotion phase
points, and augmentation probabilities.

The logistic curve was chosen as the appropriate functional form
for each of the three equations because it has two desirable properties.
First, the function constrains the predicted retention rates to lie
(appropriately) between zero and one. Second, given certain statisti-
cal properties of the independent variables, it can be shown that the
logistics function may be derived from the Bayes Theorem, a well-known
statistical theorem on conditional probabilities.*

Currently, steady-state deterministic simulation models are used
to examine the implications of policy changes on the officer force
structure. However, there is no functional relationship established
that may be used to relate the effect of personnel policy changes on
retention rates and their interaction. The behqvioral model, used
together with the progression, constraints, or grade limitations models,
is an effort to relate the interaction of policy changes to changes in
retention rates and their mutual impact on the officer force structure.

A more detailed description of the behavioral model and its in-
puts and outputs may be found in a companion report.f

This section's brief description of the progression model has in-
dicated how the computer program is organized and operates and has
briefly treated its inputs and outputs. The progression model computer
program is written in Fortran and requires approximately 30 CPU sec
and 100K words of core storage on an IBM 370/158 computer. We do not
plan to write a programmer's manual; however, the program is replete
with explanatory remarks, and the input and output sections that follow
may be used as a user's guide to the program. Further, for those
granted permission from the U.S. Air Force to obtain the progression
model (or other model) tape, the tape will be accompanied by sufficient

instructions so that it can be run on the user's computer.

*
For the Bayes Theorem justification and for an exposition of the
logistic function see Ref. 3.

+See pp. iii and iv for a list of companion studies.
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Section III and Appendixes A and B describe in detail the mathe-
matical basis of the progression model and its computations. Sec-
tions IV and V describe the inputs and outputs, respectively, of the
progression model. While not complete, the outputs should be suffi-
cient to illustrate how one set of several runs could be made, each
exactly the same except that one input is varied in some differential
amount to illustrate the impact of some policy change. Or, in a more
complex analysis, we could make several sets of such runs to get in-
teractions among these policy variables. For a further discussion of
this point, the reader is advised to read the first in this series of

*
reports.

*
See pp. iii and iv for a list of companion studies.
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III. MATHEMATICAL MODEL

The mathematical basis of the model is Markovian: in it, all Air

Force officers are classified into states according to the following

characteristics:
o) Component
o Grade
o  Aeronautical rating
o Source of commission
o Year of service

Under actual conditions, losses, completion of UPT and UNT (called
rating transfers), augmentation from the reserve to the regular compo-
nent, and promotions can occur throughout a given year in no particular
order. However, to facilitate computation in the model we assume that
these personnel flows (i.e., changes in state during a given year) oc-

cur in sequential order (or computation phases) as follows:

1. Losses
2. Rating transfers
3. Augmentations

4, Promotions

This makes computations far more tractable with little loss of accuracy,
if any. Let PR(C,G,R,IS,Y) be the number of Air Force officers pro-
cured (accessions) or promoted into state (C,G,R,IS,Y). We set the

number in the state for non-rated lieutenants in YOS 1 to be the number

of procurements:

s(c,1,3,15,1) = PR(C,1,3,IS,1) (1)

where C = 1 for the ROTC and OTS accessions (IS = 2 or 3), and C = 2
for Academy accessions (IS = 1). This implies that all officers begin
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their officer careers as non-rated in YOS 1 and that only Academy
graduates can be awarded a regular commission upon entry into the of-
ficer force, the ROTC and OIS accessions being awarded reserve commis-
sions. Thus there can be no rated officers in the first year of ser-
vice, nor can ROTC or OTS officers be in the regular component in their
first year of service. The above is based on the fact that present

Air Force policy precludes regular appointments to non-Academy gradu-
ates upon graduation from ROTC, OTS, or another non-Academy source,

and that it takes approximately one year to complete UPT or UNT train-

ing. Let

The loss rate that applies to officers
in state (C,G,R,IS,Y).
RE(C,G,R,IS,Y) = The retention rate that applies to of- (2)
ficers in state (C,G,R,IS,Y)
= 1 -~ B(C,G,R,IS,Y).

B(C,G,R,IS,Y)

Then
L(C,G,R,IS,Y) = Losses of officers from state (3)
(C,G,R,IS,Y)
= s(c,G,R,IS,Y) * B(C,G,R,IS,Y).
Let

RAT(C,l,l,IS,Y)* = The proportion of officers in state
(C,1,3,1S5,Y) who are not lost to the
Air Force in YOS Y and who complete
UPT and become pilots in YOS Y+1.

RAT(C,l,Z,IS,Y)* = The proportion of officers in state
(C,1,3,1I8,Y) who are not lost to the
Air Force in YOS Y and complete UNT

and become navigators in YOS Y+1.

*See Appendix A for computation.
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RAT(C,1,3,1IS,Y) = The proportion of officers in state
(C,1,3,1S,Y) who are not lost to the
Air Force in YOS Y and who become
pilots or navigators in YOS Y+1

= RAT(C,1,1,IS,Y) + RAT(C,1,2,IS,Y).
NRAT(C,1,3,1IS,Y) = The proportion of officers in state (4)
(C,1,3,1IS,Y) who are not lost to the
Air Force in YOS Y and who do not be-
come pilots or navigators in YOS Y+1
= 1 - RAT(C,1,3,IS,Y).

AUG(2,G,R,IS5,Y) = The proportion of eligible officers
who flow from state (1,G,R,IS,Y) to
state (2,G,R,IS,Y+l) (i.e., who are
augmented) .

NAUG(2,G,R,IS,Y) The proportion of eligible officers (5)
in state (1,G,R,1S,Y) who are not
augmented.

1 - AUG(2,G,R,IS,Y).

We will examine how the flows between the states are computed by
examining the computations performed at several representative values

for years of service.

FIRST YEAR OF SERVICE
Figures 16 and 17 illustrate the first year of service for Academy

and non-Academy graduates, respectively. As can be seen from the fig-
ures, in moving from the first to the second year of service the model
first determines losses (the "L'" phase), then rating transfers (the
"RI" phase), and finally augmentations (the "AU" phase in Fig. 17).

Academy Officers

From Fig. 16, for Academy officers:

1. The number in state (2,1,3,1,1) equals the number of accessions
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from the Academy, or

s(2,1,3,1,1) = PR(2,1,3,1,1).

2. The losses from state (2,1,3,1,1) equal the number in state
(2,1,3,1,1) times the loss rate for state 2,1,3,1,1), or

L(2,1,3,1,1) = s(2,1,3,1,1) * B(2,1,3,1,1).

3. The number of Academy graduates who become pilots in YOS 1
equals the Academy graduates retained times the pilot rating
transfer rate, or
RT(2,1,1,1,2) = [s(2,1,3,1,1) * RE(2,1,3,1,1)] ° RAT(2,1,1,1,1).

4, Similarly, for navigators
RT(2,1,2,1,2) = [S(2,1,3,1,1) * RE(2,1,3,1,1)] ° RAT(2,1,2,1,1).

5. The number of non-rated Academy graduates in state (2,1,3,1,2)
is given by S$(2,1,3,1,2) = s(2,1,3,1,1) - .(2,1,3,1,1)

- RT(2,1,1,1,2) - RT(2,1,2,1,2), which is equivalent to

s(2,1,3,1,2) = [s(2,1,3,1,1) * RE(2,1,3,1,1)] ° NRAT(2,1,3,1,1).

For pilots and navigators who are Academy graduates,
s¢(2,1,1,1,2) = RT(2,1,1,1,2)

and

s(2,1,2,1,2) = RT(2,1,2,1,2).

Non-Academy Officers

From Fig. 17, for non-Academy officers (e.g., OTS or other officers)
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OTS accessions into state (1,1,3,3,1)

= PR(1,1,3,3,1). \

Losses of officers from state (1,1,3,3,1)
in YOS 1

= 5(1,1,3,3,1) ° B(1,1,3,3,1).

Pilot rating transfers from state
(1,1,3,3,1) into state (1,1,1,3,2)

= 5(1,1,3,3,1) * RE(1,1,3,3,1)

- RAT(1,1,1,3,1) ° NAUG(2,1,1,3,1).
Pilot rating transfers and augmentations
from state (1,1,3,3,1) into state
(2,1,1,3,2)

= 5(1,1,3,3,1) * RE(1,1,3,3,1)

- RAT(1,1,1,3,1) ° AUG(2,1,1,3,1)."
Navigator rating transfers from state
(1,1,3,3,1) into state (1,1,2,3,2)

= 5(1,1,3,3,1) ° RE(1,1,3,3,1)

- RAT(1,1,2,3,1) - NAUG(2,1,2,3,1).

s(1,1,3,3,1

L(1,1,3,3,1)

RT(1,1,1,3,2)

RA(2,1,1,3,2)

RT(1,1,2,3,2)

*One way of thinking about flows is to picture the paths officers
might take as they proceed from the first to the second year of ser-
vice. For example, the number of officers who receive augmentations
and rating transfers to pilot is computed in the following steps: We
are interested in the number of officers that move from state (1,1,3,3,1)
to state (2,1,1,3,2).

o) Eliminate losses.
Officers remaining: S(1,1,3,3,1) - RE(1,1,3,3,1).

o Determine pilot rating transfers.
Officers taking this path: S(1,1,3,3,1) * RE(1,1,3,3,1)
- RAT(1,1,1,3,1).

o] Determine the number of these officers that are to receive
augmentations.
Pilots taking this path: S(1,1,3,3,1) - RE(1,1,3,3,1)
- RAT(1,1,1,3,1) ° AUG(2,1,1,3,1).

In other words, each successive step--or each successive multiplier—-
indicates the path being considered.
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RA(2,1,2,3,2) Navigator rating transfers and augmenta-
tions from state (1,1,3,3,1) into state
(2,1,2,3,2)
= s(1,1,3,3,1) * RE(3,1,3,3,1)
- RAT(1,1,2,3,1) * AUG(2,1,2,3,1).
Non-rated augmentations from state
(1,1,3,3,1) into state 2,1,3,3,2)
= s(1,1,3,3,1) * RE(1,1,3,3,1)
.- NRAT(1,1,3,3,1) * AUG(2,1,3,3,1).
Lateral flows from state (1,1,3,3,1)
into state (1,1,3,3,2)
= s(1,1,3,3,1) * RE(1,1,3,3,1)

. NRAT(1,1,3,3,1) - NAUG(2,1,3,3,1)
= $(1,1,3,3,1) - L(1,1,3,3,1)
- rT(1,1,1,3,2) - RA(2,1,1,3,2)
- RrT(1,1,2,3,2) - RA(2,1,2,3,2)
- AU(2,1,3,3,2).
LAT(1,1,3,3,2).
s(2,1,3,3,2) = AU(2,1,3,3,2).
s(1,1,1,3,2) = rT(1,1,1,3,2).
s(2,1,1,3,2) = RA(2,1,1,3,2).
s(1,1,2,3,2) = RT(1,1,2,3,2).
s(2,1,2,3,2) = RA(2,1,2,3,2).

AU(2,1,3,3,2)

1AT(1,1,3,3,2)

s(1,1,3,3,2)

]

NONPROMOTION YEAR OF SERVICE, LIEUTENANTS
Figures 18 and 19 illustrate the states and flows for non-rated

and rated lieutenants and captains during their second through sixth
year of service. In Figures 18 and 19 there are no below-the-zone,
i.e., secondary-zone, promotions, and UPT and UNT graduates get their
wings no later than fheir fourth year of service. Further, lieuten-
ants must complete four years of total active federal commissioned
service before being eligible for promotion to captain. Lieutenants
not selected for promotion in their fifth year of service get one ad-

ditional chance to be selected for promotion in the following year.
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Nonpromotion Year of Service, Non-Rated Lieutenants

We will consider a year of service, Y-1, during which a non-rated
lieutenant is not eligible for promotion, such as the second year of
service in Fig. 18. We wish to compute the flows out of the states
with YOS Y-1 and into states with YOS Y, and the quantities in states
with YOS Y.

For ROTC officers, IS = 2 and

s(1,1,3,2,Y-1) = Rumber of reserve non-rated lieutenants
from ROTC in YOS Y-1, i.e., the number
in state (1,1,3,2,Y-1).

Number of regular non-rated lieutenants
from ROTC in YOS Y-1, i.e., the number
in state (2,1,3,2,Y-1).

Number of officers lost from state
(c,1,3,2,Y-1) in YOS Y-1 .
s(,1,3,2,Y-1) - B(C,1,3,2,Y-1).,
©$(1,1,3,2,¥-1) - RE(1,1,3,2,Y-1) - RAT(1,1,1,2,Y-1)"

= The number of (1,1,3,2,Y-1) reserve

$(2,1,3,2,Y-1)

L(C,1,3,2,Y-1)

non-rated officers from ROTC who be-
come pilots in YOS Y.*
s(1,1,3,2,Y-1) - RE(1,1,3,2,Y-1) - RAT(1,1,2,2,Y-1)"
= The number of ROTC reserve non-rated
officers from state (1,1,3,2,Y-1)
who become navigators in YOS Y.
s(2,1,3,2,Y-1) ° RE(2,1,3,2,Y-1) * RAT(2,1,1,2,Y-1)
= The number of ROTC regular non-rated
officers from state (2,1,3,2,Y-1)

who become pilots in YOS Y.+

*Note that in Fig. 18 these values are shown as flows out of the
non-rated classification--the arrows that lead nowhere in the "RT"
phases. In Fig. 19, which represents the rated classification, they
are shown as flows into the "RT" phases. Some of these officers will
also receive augmentations this year.

+See Appendix A for computation of RAT(2,1,R,2,Y-1).
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s(,1,3,2,Y-1) - RE(2,1,2,3,Y-1) - RAT(2,1,2,2,Y-1)

AU(2,1,3,2,Y)

LAT(1,1,3,2,Y)

LAT(2,1,3,2,Y)

RAT(C,1,1,IS,Y-1)

The number of ROTC regular non-rated
officers from state (2,1,3,2,Y-1)

who become navigators in YOS Y.

The number of ROTC reserve non-rated
officers from state (1,1,3,2,7-1)

who remain non-rated and who are
augmented into the regular component
and flow into state (2,1,3,2,Y)

during YOS Y

$(1,1,3,2,Y-1) - RE(1,1,3,2,Y-1)

* NRAT(1,1,3,2,Y-1) - AUG(2,1,3,2,Y-1).
The number of ROTC officers from

state (1,1,3,2,Y-1) who are not lost
to the Air Force in YOS Y-1, who do
not complete UPT or UNT in YOS Y, and
who are not augmented into the regular
component in YOS Y. They simply age
one year, i.e., flow laterally from
state (1,1,3,2,Y-1) into state
1,1,3,2,Y)

s(1,1,3,2,Y-1) - RE(1,1,3,2,Y-1)

* NRAT(1,1,3,2,Y-1) - NAUG(2,1,3,2,Y-1).
Lateral flows from state (2,1,3,2,Y-1)
into state (2,1,3,2,Y)--regular non-
rated in Y-1 to regular non-rated in Y
s(2,1,3,2,Y-1) - RE(2,1,3,2,Y-1)

* NRAT(2,1,3,2,Y-1).

The proportion of officers not lost to
the service who become pilots in YOS Y
by completing UPT in YOS Y.

n
See Appendix A for computation of RAT(2,1,R,2,Y-1).
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RAT(C,1,2,15,Y-1) The proportion of officers not lost to
the service who become navigators in
YOS Y by completing UNT in YOS Y.

The proportion of officers not lost to

RAT(C,1,3,15,Y-1)
the service who become either pilots
or navigators in YOS Y by completing
UPT or UNT in YOS Y.

= RAT(C,1,1,IS,Y-1) + RAT(C,1,2,IS,Y-1).
The proportion of officers not lost to

NRAT(C,1,3,1S,Y-1)
the service who do not complete UPT or
UNT in YOS Y, i.e., non-rated officers
in both YOS Y-1 and YOS Y
= 1 - RAT(C,1,3,IS,Y-1).

The proportion of remaining officers

AUG(2,1,3,1S8,Y-1)
' who are augmented into the regular com-
ponent and flow into state (2,1,3,IS,Y)

during YOS Y.

and
NAUG(2,1,3,1S,Y-1) = 1 - AUG(2,1,3,1IS,Y-1).
Then
s(1,1,3,2,Y) = LAT(1,1,3,2,Y)
and
$(2,1,3,2,Y) = LAT(Z,l,;,Z,Y) + AU(2,1,3,2,Y).

Nonpromotion Year of Service, Pilot or Navigator Lieutenants

Figure 19 illustrates the flows for pilot (or navigator) lieuten-
ants and captains from ROTC in their second through sixth years of
service. This subsection deals with the "nonpromotion" years of ser-

vice, i.e., the second through fourth, in which only lieutenants
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exist. Note that IS = 2 for ROTC and that rated losses are computed

in the same manner as non-rated.

RT(1,1,R,2,Y)

RA(2,1,R,2,Y)

RT(2,1,R,2,Y)

LAT(1,1,R,2,Y)

LAT(2,1,R,2,Y)

Number of rating transfers into state
(1,1,R,2,Y) during YOS Y, i.e., the number
of non-rated reserve officers from state
(1,1,3,2,Y-1) who become pilots (or navi-
gators) but who are not augmented into the
regular component in YOS Y

s$(1,1,3,2,Y-1) - RE(1,1,3,2,Y-1)

- RAT(1,1,R,2,Y-1) * NAUG(2,1,R,2,Y-1)."
Number of non-rated reserve officers from
state (1,1,3,2,Y-1) who are augmented into
the regular component and also become
pilots (or navigators), both in YOS Y
s(1,1,3,2,Y-1) - RE(1,1,3,2,Y-1)

. RAT(1,1,R,2,Y-1) + AUG(2,1,R,2,Y-1)."
Number ofrrating transfers from state
(2,1,3,2,Y-1) into state (2,1,R,2,Y)
during YOS Y

s(2,1,3,2,Y-1) * RE(2,1,3,2,Y-1)

. RAT(Z,l,R,Z,Y—l).*

The number of officers from state
(1,1,R,2,Y-1) who flow laterally into
state (1,1,R,2,Y)

s(1,1,R,2,Y-1) « RE(1,1,R,2,Y-1)

. NAUG(2,1,R,2,Y-1).

The number of officers from state
(2,1,R,2,Y-1) who flow laterally into
state (2,1,R,2,Y)

s(2,1,R,2,Y-1) + RE(2,1,R,2,Y-1).

-
. s8(1,1,3,2,Y-1) - RE(1,1,3,2,Y-1) - RAT(1,1,1,2,Y-1) and

s(2,1,3,2,Y-1) - RE(2,1,3,2,Y-1) - RAT(2,1,1,2,Y-1) are the rating

transfer flows from the non-rated states (see pp. 37, 38).
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The number of reserve officers from state

AU(2,1,R,2,Y)
(1,1,R,2,Y-1) who are augmented into state
(2,1,R,2,Y) in YOS Y
= S$(1,1,R,2,Y-1) * RE(1,1,R,2,Y-1)
+ AUG(2,1,R,2,Y-1).
s(1,1,R,2,Y) = The number of officers in state (1,1,R,2,Y)
= LAT(1,1,R,2,Y) + RT(1,1,R,2,Y).
s(2,1,R,2,Y) = The number of officers in state (2,1,R,2,Y)
= LAT(2,1,R,2,Y) + RA(2,1,R,2,Y)
+ RT(2,1,R,2,Y) + AU(2,1,R,2,Y).

where R = 1 (pilot) or 2 (navigator).

PROMOTION YEAR OF SERVICE, NON-RATED LIEUTENANT

Figure 20 depicts the states and flows for non-rated lieutenants

over a four-year promotion cycle with a two-year secondary zone and a
two-year primary zone.* Promotions from lieutenant to captain normally
do not occur over a four-year cycle but are usually limited to a cycle
of one or two years duration, as was illustrated in Fig. 18 for non-
rated officers. As we shall see in the discussion of the inputs re-
quired by the model, the user has complete flexibility in specifying
the promotion zones for each of the grades, including whether or not

to allow below-the-zone promotions. In Fig. 20 we illustrate the more
general case.

Sevéral points should be made before examining the flow computa-
tions that take place during the promotion cycle years. First, we have
defined the promotion zone to be four years or less in length. This
restriction is required to make the promotion computations tractable.
Second, rather than requiring the user to specify promotion rates in
each year of the promotion zone, we ask that promotion opportunities
be provided. Two opportunities are required: The percentage of eligi-

bles that receive promotion to the higher grade during or prior to the

*

Note that five integers are required to express the four cycle
years, since the year before the beginning of the promotion cycle must
be represented in order to denote entry into the cycle.
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first year of the primary zone, and the percentage of eligibles that
receive promotion by the last year of the promotion cycle. Finally,
we require two below-the-zone promotion parameters: The percentage
of all promotions that must take place in the secondary zone and the
percentage of secondary-zone promotions that are to take place in the
first year of the secondary zone. With these promotion parameters pro-
vided by the user, the model proceeds to solve a set of eight simul-
taneous linear equations in eight unknowns, the unknowns being the
number of promotions, both regular and reserve, to be made in each of
the promotion years. Appendix B presents the equations and their
solutions.

Finally, one additional point concerning rating transfers needs
mention. The mathematical basis of the progression model assumes that
rating transfers and promotions do not occur during the same year.
Appendix A discusses the model's assumptions when initially transform-
ing rating transfer inputs into the form required by the computation
sequences and the mathematics of this initial transformation. For ex-
ample, if the phase point year of service, PP, is six in a hypothetical
case, then year of service PP-2 equals four, and rating transfers could
occur during the second and third years of service, secondary-zone
promotions in the fourth and fifth years of service, and primary-zone
promotions in the sixth and seventh years of service. If the user
requests that rating transfers and promotions occur during the same
year, the computer will complete the computation but will print an
error message indicating that the states and flows are not precise,
since its mathematical assumptions were ignored. In general, the er-
rors will be small when this occurs.

The computations for non-rated lieutenants are i1llustrated by
Fig. 20. Let Y = PP-2, PP-1, PP, PP+1, where PP = phase point for

promotions from lieutenant into captain. Then

s$(C,1,3,15,Y-1) = Number of non-rated lieutenants in state
(c,1,3,18,Y-1).
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Number of non-rated captains in state
(¢,2,3,18,v-1). "
L(C,G,3,18,Y-1) = Number of losses of non-rated officers
from state (C,G,3,IS,Y-1) in YOS Y-1
= 5(C,G,3,Is,Y-1) - B(C,G,3,IS5,Y-1).
s(c,1,3,1S,Y-1) - RE(C,1,3,IS,Y-1) - RAT(C,1,1,IS,Y-1)
= Number of non-rated officers in state

(C,1,3,15,Y-1) who complete UPT and are

s(c,2,3,1S8,Y-1)

awarded aeronautical rating of pilot in

YOS Y.

RE(C,1,3,1S,Y-1) - RAT(C,1,2,IS,Y-1)

= Number of non-rated officers in state
(¢,1,3,15,Y-1) who complete UNT and are

s(c,1,3,1S8,Y-1)

awarded aeronautical rating of navigator

in YOS Y.

RE(C,1,3,1S8,Y-1) - RAT(C,1,3,IS,Y-1)

= Number of non-rated officers in state
(C,1,3,15,Y-1) who complete UPT or UNT

s(c,1,3,I5,Y-1)

and are awarded aeronautical rating of
pilot or navigator in YOS Y.
RE(C,1,3,1S5,Y-1) * NRAT(C,1,3,IS,Y-1)

= Number of non-rated officers in state

s(c,1,3,15,Y-1)

(¢,1,3,1S,Y-1) who do not change aero-

nautical rating in YOS Y.

The number of officers in state

(C,1,R,IS,Y-1) who are promoted into

state (C,2,R,1S8,Y) in YOS Y.

PA(2,2,R,IS,Y)+ = The number of officers in state
(1,1,R,IS,Y-1) who are promoted and aug-

[]

PR(C,2,R,IS,Y)

mented into the regular component, both

in YOS Y, moving into state (2,2,R,IS,Y).

*
Note that S(C,2,3,IS,PP-3) = 0 in Figs. 20 and 21.

'TThe formulas for computing this quantity and their derivation
are given in Appendix B.
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RT(C,l,R,IS,Y)* = The number of officers from state
,1,3,15,Y-1) who complete UPT (if R = 1)
or UNT (if R = 2) and become pilots or
navigators in YOS Y, "moving" into state

(C,1,R,IS,Y).

and
*

RA(2,1,R,IS,Y) = The number of officers from state
(1,1,3,1S,Y-1) who complete UPT (if R = 1)
or UNT (if R = 2) and who are also aug-
mented into the regular component, both in
YOS Y, "moving" into state (2,1,R,IS,Y).

Then

LAT(1,1,3,1S,Y) Quantity of lateral flows from state
(1,1,3,1S,Y-1) into state (1,1,3,1S,Y)
= §(1,1,3,Is,Y-1) - RE(1,1,3,IS,Y-1)
+ NRAT(1,1,3,15,Y-1) - NAUG(2,1,3,IS,Y-1)
- PR(1,2,3,15,Y).
Lateral flows from state (2,1,3,1IS,Y-1)
into state (2,1,3,IS,Y)
= $(2,1,3,1s,Y-1) - RE(2,1,3,IS,Y-1)
- NRAT(2,1,3,1I5,Y-1) - PR(2,2,3,IS5,Y).
Lateral flows from state (1,2,3,IS,Y-1)
into state (1,2,3,IS,Y)
= 5(1,2,3,1Is,Y-1) + RE(1,2,3,1IS,Y-1)
- NAUG(2,2,3,1IS,Y-1).
LAT(2,2,3,15,Y) = Lateral flows from state (2,2,3,IS,Y-1)
into state (2,2,3,1IS,Y)
= $(2,2,3,15,Y-1) + RE(2,2,3,IS,Y-1).

]

LAT(2,1,3,1S,Y)

LAT(1,2,3,1S,Y)

_ %
The formulas for computing this quantity and their derivation
are given in Appendix B.
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Number in state (1,1,3,1S,Y)
LAT(1,1,3,1S,Y).

Number in state (2,1,3,1S,Y)
LAT(2,1,3,IS,Y) + AU(2,1,3,15,Y).
Number in state (1,2,3,IS,Y)
LAT(1,2,3,15,Y) + PR(1,2,3,IS,Y).
Number in state (2,2,3,IS,Y)
LAT(2,2,3,18,Y) + AU(2,2,3,1IS,Y)
+ PA(2,2,3,1S,Y) + PR(2,2,3,IS,Y).

PROMOTION YEAR OF SERVICE, RATED (PILOT OR NAVIGATOR) LIEUTENANT

As depicted in Fig. 21, which is a generalization of Fig. 19, the

model makes the following computations for pilot or navigator lieuten-

ants and captains for those years of service in the promotion cycle

from lieutenant to captain:

For R = 1, 2:

Then

LAT(1,1,R,IS,Y)

LAT(2,1,R,IS,Y)

LAT(1,2,R,IS,Y)

LAT(2,2,R,1S,Y)

*
See Appendix B

The number of lateral flows from state
(1,1,R,1S8,Y-1) into state (1,1,R,IS,Y)
s(1,1,R,1s,Y-1) - RE(1,1,R,IS,Y-1)

- NAUG(2,1,R,IS,Y-1) - PR(l,Z,R,IS,Y).*
The number of lateral flows from state
(2,1,R,IS8,Y~1) into state (2,1,R,15,Y)
$(2,1,R,15,Y-1) - RE(2,1,R,IS,Y-1)

- PR(2,2,R,IS,Y)."

The number of lateral flows from state
(1,2,R,1S,Y-1) into state (1,2,R,15,Y)
s$(1,2,R,18,Y-1) - RE(1,2,R,I5,Y-1)

+ NAUG(2,2,R,1S,Y-1).

The number of lateral flows from state
(2,2,R,1S,Y-1) into state (2,2,R,1S,Y)
s(2,2,Rr,18,Y-1) - RE(2,2,R,1S5,Y-1).

for PR(C,G,R,IS,Y) and its derivation.
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$(1,1,R,IS,Y) = The number of officers in state
(1,1,R,IS,Y)
= LAT(1,1,R,IS,Y) + RT(1,1,R,IS,Y).
§(2,1,R,IS,Y) = The number of officers in state
(2,1,R,1I5,Y)
= LAT(2,1,R,IS,Y) + AU(2,1,R,IS,Y)
+ RT(2,1,R,IS,Y) + RA(2,1,R,IS,Y).

The number of officers in state
(1,2,R,IS,Y)
= LAT(1,2,R,IS,Y) + PR(1,2,R,IS,Y).
s(2,2,R,IS,Y) = The number of officers in state
(2,2,R,1I8,Y)
= 1AT(2,2,R,IS,Y) + PR(2,2,R,IS,Y)
+ AU(2,2,R,IS,Y) + PA(2,2,R,IS,Y).

s(1,2,R,1S,Y)

It can be shown that, in a four-year promotion cycle with zero rating
transfers during the cycle, the formulas for non-rated are equivalent
to those for rated lieutenants. If policy is such that promotions are
permitted in only three or fewer years of the four-year promotion
cycle, then the formulas permit nonzero rating transfers to be calcu-

lated during those years of service in the cycle with zero promotions.

VARIABLE PHASE POINT

The phase point, PP, is an input designated by the user. Thus,
for promotion to captain, if (1) the PP is set to YOS 5, (2) no below-
the-zone promotions from lieutenant to captain are designated by the
user, and (3) rating transfers into YOS 5 are set to zero, Figs. 20

and 21 become Figs. 18 and 19, respectively.

NONPROMOTION YEAR OF SERVICE, CAPTAIN AND HIGHER GRADES

The flows for the higher grades are similar to those for lieuten-
ants, the only distinction being that for the higher grades no rating
transfers are permitted, thereby eliminating from the flow equations

the rating transfer parameters required for lieutenant flows.
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Figure 22 depicts the states and
service for a captain or higher grade

eligible for promotion.

Source of commission: IS

flows that occur in a year of

during which the officer is in-

KEY:
State or flow: S L AU S
S = State
Year of service: (Y-1) Y L = Loss
AU = Augmentation
Grade G, Reserve Q / Q- @
Grade G, Regular —O-—/

Fig. 22 — Nonpromotion YOS, écpfoin and higher grades

Figure 22 is the same as shown for the second, third, and fourth

year of service in Figs. 18 and 19, except that rating transfers are

omitted. The formulas used by the model in a nonpromotion year of

service for captains and higher grades become

s(C,G,R,IS,Y~1) = Number of officers in state (C,G,R,1S,Y-1).
LAT(1,G,R,IS,Y) = Number of lateral flows from state
(1,G,R,IS,Y~1) into state (1,G,R,IS,Y)
= $(1,G,R,I8,Y-1) - RE(1,G,R,IS,Y-1)
- NAUG(2,G,R,IS,Y-1).

LAT(2,G,R,I5,Y)

Number of lateral flows from state

(2,G,R,1S,Y-1) into state (2,G,R,IS,Y)
= 5(2,G,R,IS,Y-1) - RE(2,G,R,IS5,Y-1).

AU(2,G,R,IS,Y)

Number of officers in state (1,G,R,IS,Y-1)

augmented into state (2,G,R,IS,Y) in YOS Y
= S(1,G,R,1S,Y-1) - RE(1,G,R,1IS,Y-1)
+ AUG(2,G,R,IS,Y-1).
5(1,G,R,1S,Y) = Number of officers in state (1,G,R,IS8,Y)
= LAT(1,G,R,IS,Y).
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The number of officers in state (2,G,R,IS,Y)
LAT(2,G,R,IS,Y) + AU(2,G,R,IS,Y).

S(2,G,R,IS,Y)

il

PROMOTION YEAR OF SERVICE, INTO GRADE OF MAJOR OR HIGHER

Figure 23 depicts the states and flows associated in a four-year

promotion cycle for promotion to major or higher grade with a variable
phase point, two years of secondary-zone promotions, and two years of
primary-zone promotions. If rating transfers are omitted, Figs. 20

and 21 will each reduce to Fig. 23 for captain and higher grades. Thus,
with the omission of rating transfers and changes in grade notation,

the formulas shown earlier for use in the computation of states and
flows for lieutenants and captains in the promotion cycle years of

service are revised to read as follows:

AU(2,G,R,IS,Y) = Number of officers augmented into regu-
lar component in YOS Y who flow from
state (1,G,R,IS,Y-1) into state
(2,G,R,IS,Y).

Number of officers in state
(C,G,R,IS,Y-1).

Number of officers promoted from state
(C,G,R,15,Y-1) into state (C,G+1,R,IS,Y)
during YOS Y.

s(c,G,R,IS,Y-1)

*
PR(C,G+1,R,IS,Y)

PA(2,G+1,R,IS,Y)* = Number of officers who are promoted and
augmented into regular component, both
in YOS Y, from state (1,G,R,IS,Y-1) into
state (2,G+1,R,IS,Y).

LAT(C,G,R,IS8,Y) = Lateral flows from state (C,G,R,IS,Y-1)
into state (C,G,R,IS,Y).
LAT(1,G,R,IS,Y) = S(1,G,R,IS,Y-1) * RE(1,G,R,IS,Y-1)

. NAUG(2,G,R,IS,Y-1) - PR(1,G+1,R,IS,Y).
LAT(2,G,R,1S,Y) = S(2,G,R,IS,Y-1) + RE(2,G,R,IS,Y-1)
- PR(2,G+1,R,1S,Y).

*
See Appendix B for formulas and their derivation.
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LAT (1,G+1,R,1S,Y) = S(1,G+1,R,IS,Y-1) * RE(1,G+1,R,IS,Y-1)
© + NAUG(2,G+1,R,IS,Y-1).
LAT(2,6+1,R,1S,Y) = S(2,6+1,R,IS,Y-1) - RE(2,G+1,R,IS,Y-1).
s(1,G,R,IS,Y) = LAT(1,G,R,IS,Y).
s(2,G,R,I8,Y) = LAT(2,G,R,IS,Y) + AU(2,G,R,IS,Y).
S(1,G+1,R,1S,Y) = LAT(1,G+1,R,IS,Y) + PR(1,G+1,R,IS,Y).
$(2,6+1,R,IS,Y) = LAT(2,G+1,R,IS,Y) + AU(2,G+1,R,IS,Y)
+ PA(2,G+1,R,IS,Y) + PR(2,G+1,R,IS,Y).
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IV. INPUT DATA

The user of the OFPM may specify greatly detailed inputs to the
model so that it may compute the effects of the inputs on the officer
force structure inventory and flows under steady-state conditioms. The
flexibility of inputs available to the user permits him to modify ac-
cessions, rating transfers, augmentations, and promotions in terms of
component, grade, aeronautical rating, source of commission, or years
of service. If the user does not wish to incorporate this amount of
detail, then the input forms and the model permit aggregation when this
serves the user's purpose.

In general, the input data comsist of the following:

ACCESSIONS

The annual number of Air Force officers graduating from the fol-

lowing sources of commission:

o Academies
0 ROTC
o OTS/other

TRAINING RATES (RATING TRANSFER RATES)

The fraction of annual accessions from each source of commission

who become pilots (or navigators) in their second, third, etc. year

of service.

PROMOTION DATA BY GRADE, RATING, AND SOURCE OF COMMISSION

o The phase point, i.e., the first year of primary-zone promo-
tions.

o Cumulative promotion opportunities for the first and second
years of the primary zone.

o The fraction of all promotions that occur in the secondary

zone, i.e., "below-the-zome."
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o The fraction of below-the-zone promotions that occur in the

first year below the zone.

ATTRITION OR LOSS RATES

The fraction of officers in a state who will be lost to the Air

Force due to death, disability, separation, retirement, or other reason.

AUGMENTATION RATES INTO THE REGULAR COMPONENT

The fraction of eligible officers in YOS Y who will be augmented
into the regular component in YOS Y+1.

Each type of data and its input format will be discussed in detail.
There are, however, several common characteristics shared by all five

types.

COMMON CHARACTERISTICS

Unless otherwise indicated, columns 1-20 of each input card should

contain the following information:

Columns 1-4 Type of data (discussed below)
ACSS - accessions data
PROM -~ promotion data
LOSS - attrition data
AUG - augmentation data
RCAT - rating transfer or
training rate
Columns 5-8 Component

REG - regular

RES - reserve
ALL - RES and REG
Columns 9-12 Grade
LT - Lieutenant

CAP - Captain
MAJ - Major
LTC ~ Lieutenant colonel

COL - Colonel
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Columns 13-16 Rating
PIL - pilot
NAV - navigator

non-rated or support

2 3
e Ve
|

RAT - PIL and NAV
ALL - PIL, NAV, and NR
Columns 17-20 Source of Comission
AFA - Air Force Academy
ROTC - Reserve Officers
Training Corps
SMSO*
- Officer Training
School
0TS
RES - ROTC and OTS
ALL - Academy, ROTC, and OTS

In addition, each type of input data should be preceded by a card
containing the type of input data in columns 1-4, and the last card
in the input deck should be blank.

Columns 73-80 of each input card may be used for sequencing of
the input deck. Finally, the input should begin with two cards whose

contents are described at the end of this section.

ACCESSIONS DATA (ACSS)

These data indicate the number of annual graduates from each

source of commission. Figure 24 illustrates the input deck's format.+
All three accessions may be entered on one card. Each may, however, be
placed on a separate card. Columns 5-20 should remain blank. Columms

45-72 may be used for descriptive information.

*
School of Military Science-Officer (SMS-0) 1is the past designa-
tion for OTS.

+The input illustrations in this section are excerpts from the in-
put deck used to generate the sample run discussed in the next section.
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PROMOTION DATA (PROM)

These data describe by grade, rating, and source of commission

the cumulative promotion opportunities, below-the-zone promotion con-
straints, and promotion phase peints for promotion into the indicated
grade. Figure 25 illustrates the format of the input deck.

Promotions to the indicated grade may take place in any one of four
promotion years. In the first two years, only below-the-zone promotions
can take place. In the last two years, primary-zone promotions can
take place.

The phase point is the first year of the primary zone, i.e., the
first year into which primary-zone promotions can be made. For example,
in Fig. 25, for promotion to major the phase point is the tenth year.

The cumulative promotion opportunities for the first and second
years of the primary zone indicate the percentage of those officers
eligible for promotion to the grade that are promoted by the indicated
year. Thus, as illustrated, if the cumulative promotion opportunities
to the grade of major were 75 percent in the first primary zone year
and 80 percent in the second primary-zone year, then 75 percent of
those eligible for promotion would be promoted not later than the end
of the first primary-zone year, and 80 percent of those eligible would
be promoted not later than the end of the second primary-zome year.

The below-the-zone promotion percentage* indicates the fraction of
promotions that can take place below the zone. The first year below-
the-zone percentage indicates the fraction of below-the-zone promotions
that can take place in the first below-the-zone promotion year. Thus,
as illustrated for promotion to major, if the below-the-zone percentage
were 50 percent+ and if the first year below-the-zone percentage were

10 percent, then 50 percent of all promotions to the indicated grade

*

For lieutenants, normally the below-the-zone percentage is zero,
since promotion to captain requires completion of four years total
active federal commissioned service.

+The personnel planner will readily identify this as a hypotheti-
cal example, since the below-the-zone promotions to major are usually
much less than 50 percent.
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would occur in the two below-the-zone promotion years, and 10 percent
of those below-the-zone promotions (or 5 percent of all promotions)
would take place in the first below-the-zone promotion year.

Note that, although not illustrated in the example, separate pro-
motion parameters may be provided for each source of commission and
rating within a grade. Thus, for example, ROTC pilots may have dif-
ferent promotion parameters than Academy pilots. Note also that, since
we are describing promotions intoia grade, the lieutenant grade (LT)
should not be used when preparing this input form.

Focusing for the moment on the promotion parameters for captains,
the promotion opportunity in both the first and second years of the
primary zone is 95 percent. This in effect causes all primary-zone
promotions to take place in the first primary-zone year. Note too
that no promotions are scheduled to take place in the first year of the
secondary zone. Thus in this example lieutenants can be promoted to
captain out of YOS 3 and 4, and into YOS 4 and 5. Columns 5-8, the
component field, should be left blank. Columns 61-72 may be used for

descriptive information.

ATTRITION DATA (LOSS)

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

bility, retirement, separation, etc.) by component, grade, rating,
source of commission, and year of service. Figure 26 illustrates the
input deck's format.

Each input data entry indicates the fraction of officers with the
indicated component, grade, rating, source of commissionm, and year of
service that leave the officer force during or at the conclusion of
the year of service. For example, referring back to Fig. 26, the ex-
ample entry indicates that of all pilot lieutenants with Air Force
Academy commissions who hold regular commissions in the third year of
service, 1.3 percent will leave the force during or at the conclusion
of the third year of service--the OFPM computation algorithms will re-
move these officers from the force during their third year of service.

Columns 69-72 of the input cards may be used for descriptive information.
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AUGMENTATION DATA (AUG)

These data indicate, by grade, rating, source of commission, and

year of service, the fraction of officers augmented into the regular
force from the reserve force. Figure 27 illustrates the format of the
input deck.

In the example, of all lieutenant pilots with three years of ser-
vice holding reserve commissions from ROTC or from 0TS/other, 25 per-
cent will be augmented into the regular force, i.e., will be awarded
regular commissions. Note that these officers are considered by the
computation algorithm to be reserve in the third year of service and
regular in the fourth. Note also that the rate of flow out is applied
only to those officers remaining after attrition and rating transfer
changes are taken into consideration (see below for a discussion of
rating transfer changes). Finally, note that all reserve majors are
augmented.

Since augmentation takes place from reserve into regular, columns
5-8 (the component field) should be left blank. Also, since only ROTC
and OTS award reserve commissions to graduates—-Academy graduates are
awarded regular commissions--the Academy source of commission is not
permitted in columns 17-20 (the source of commission field). Columns

69-72 of the input cards may be used for descriptive information.

RATING TRANSFER DATA (RCAT)

These data indicate by source of commission and years of service

the number of non-rated lieutenants who become pilots and navigators.
The data are presented as a fraction of annual accessions from the
indicated source of commission. Figure 28 illustrates the format of

the input deck.
The example entry in Fig. 28 illustrates the use of the input form.

It indicates how non-rated officers become pilots. In YOS 1, 63.3 per-
cent of the Academy graduates enter UPT and become pilots in YOS 2;
9.79 percent of the Academy graduates enter UNT in YOS 1 and become
nayigators in YOS 2. The remaining Academy graduates become non-rated

officers or are lost to the Air Force.
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Columns 5-8, the component field, should be left blank. The com-
puter program will use the attrition and augmentation data to determine
how the new rated officers should be distributed over the components.*
Further, since the algorithm permits only lieutenants to become rated,
columns 9-12 should also remain blank. Columns 69-72 may be used for

descriptive information.

THE TITLE AND OPTIONS CARDS

In addition to the five types of input data, two cards are required
at the beginning of each 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. If we refer to Figs. 30 through 49 in Section V, the title
used for that run is shown at the top of each page, namely, "Officer
Force Progression Model Example."

The second of the two cards may be used to request more detail in
the output reports. Since the entire outputs, aggregated and unaggre-
gated, 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. 29. Blanks indicate that the op-
tion is 7ot 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 a blank is shown in an option field, then the indicated de-
tailed output will be generated. The fields and detailed reports

they select are:

Columns 1-2: If not blank, officer flow reports for each
component.

Columns 3-4: If not blank, officer flow reports for each
rating.

Columns 5-6: If not blank, officer flow reports for each

source of commission.
Colums 7-10: Leave blank if implied forward computation input

reports not wanted.

*
See Appendix A.
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Columns 11-12: Blank if goodness measures outputs are not
*
wanted.
Columns 13-16: The minimum waiting period (in years) between

promotions. This must be a 1 or more and de-

*
faults to 2. (goodness measure package only).

Columns 17-18: Blank if goodness measures* not to be aggregated
by source of commission.

Columns 19-20: Blank if goodess measures* not to be aggregated
by source and component.

Columns 21-22: Blank if goodness measures* not to be aggregated
by component only.

Columns 23-24: Blank if goodness measures* not to be aggregated
by rating.

Columns 25-28: This contains: 1 if the user wants to have an

input deck for the progression model punched
out; 2 if he wants an input deck for the grade
limitations model; 3 if he wants both.+

Columns 29-32: Ignored (used by constraints model).

*The goodness measures package is not currently available in the
progression model, but we include a description of how to select it
for completeness. This package will be added at a later date; a de-
scription of it will be included in the report to be published on the
grade limitations model (see pp. iii and iv).

+After the progression model computes the officer structure and
the associated officer flows within the officer structure, it then
determines what the progression model inputs must have been in order
to generate the officer structure and associated flows. The model
does this without referring back to the original inputs used to gener-
ate the officer structure. In addition, the model also determines what
the grade limitations model inputs would have to be in order to gener-
ate an identical officer structure and associated officer flows. The
ability of the model to generate grade limitations model inputs is ex-
tremely useful when the progression model and grade limitations model
are used in concert. The recomputation of the progression model's
own inputs is useful for model verification and debugging purposes
when compared with the actual inputs.
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Columns 33-40: Year of service range for Augmentation Oppor-

tunity report. If blank, YOS 3 and 7 are used
(see p. 84).

Columns 53-72: Leave blank. Used for debugging purposes.
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V. OUTPUT DATA

The OFPM is able 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 macro view of the effects on
the officer structure of changes in policies concerning accessions,
training rates, augmentations, attrition, or promotions; or he may
examine detailed impacts in terms of inventory and flows into a state
consisting of officers with the same component, grade, aeronautical
rating, source of commission, and year of service; or he may look at
intermediate levels of outputs, such as what happens to pilots under
a given set of policies, or to Academy graduates, etc. Since the out-
put can run to several hundred pages, we will present excerpts from a
model run.

In general, the outputs include the following:

o Inputs by the user for each computer run.

o Officer force grade distributions.
Number of officers by year of service and grade for
aeronautical rating, source of commission, and component.

o Distribution of lieutenant colonels and below.
Number of lieutenant colonels and below by year of service,
component, and aeronautical rating for each source of com-
mission.

o Distribution of colonels and higher.
Number of colonels and higher by year of service, component,
and aeronautical rating for each source of commission.

o Officer flows in and out of each state.
Year of service by type of flow for component, grade, aero-
nautical rating, and source of commission combinations.

o Computation of loss, rating transfer, augmentation and pro-

motion quantities, and rates.

Year of service by flows computed successively within each
year of service for component, grade, aeronautical rating, and

source of commission combinations.
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o Distribution of augmentations, promotions, and promotion-

augmentations for the grade limitations model.

The OFPM computes the distribution of augmentations, promotions,
and promotion-augmentations by year of service, grade, aeronautical
rating, and source of commission as required inputs for the grade limi~-
tations model. It also computes the quantitative relationships between
augmentations and promotions and between promotion-augmentations and
promotions as required inputs for the grade limitations model. Thus

these inputs may be used as a starting point by that model.

OFFICER FORCE GRADE DISTRIBUTIONS

Figures 30 through 34 contain Officer Force Grade Distribution

reports for the ROTC source of commission. For example, in Fig. 30
we see how ROTC pilots are distributed by component over the grades
and years of service. Im YOS 11, 27 of the ROTC pilots hold reserve
commissions and 464 hold regular commissions, resulting in a total of
491 ROTC pilots with eleven years of service. In Figs. 31 and 32 dis-
tributions for navigators and non-rated officers are shown, in Fig. 33
we display the distribution of all rated ROIC officers, and in Fig.
34 we display the distribution of all ROTC officers. Focusing on Fig.
34 we see that in YOS 1 there are 4500 ROTC officers, which is precisely
the number of ROTC annual accessions as provided in the inputs (see
the discussion of accessions data inputs on page 55).

At the bottom of each page of the Officer Force Grade Distribu-
tion report, two summary lines are printed. Focusing again on Fig. 34
we see that the 4500 annual ROTC accessions generate a total of
48,763 ROTC officers, 23,967 of which are reserve and 24,796 of which
are regular. The average year of service for an ROTC officer is shown
to be 8.76 years, with reserve officers averaging 3.77 years and regu-

lar officers averaging 13.59 years.

OFFICER FORCE RATING DISTRIBUTIONS -
 Figures 35 and 36 illustrate the Officer Force Rating Distribu-

tion report, showing how officers are distributed over the three
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ratings. Both excerpts span all sources of commission, the first deal-
ing with officers holding grades of lieutenant colonel and below, and
the second dealing with colonels and above. We see, for example, that
in YOS 7 there are 1678 pilots, 453 of which are reserve and 1225 of
which are regular. None of them hold grades higher than lieutenant
colonel. We see also that in YOS 30 there are 20 nonrated officers,
all holding regular commissions and all with the grade of colonel or
higher. As with the Officer Force Grade Distribution reports, two sum-
mary lines are included at the bottom of each page of the Officer Force
Rating Distribution report.

OFFICER FLOWS
Figures 37 through 39 illustrate the Officer Flow report. This

report shows officer flows into and out of each state by component,
grade, rating, source of commission, and year of service. Focusing on
the top half of Fig. 37, we are looking at all lieutenant ROTC officers,
that is, we are spanning all components and ratings. We see that

there are 4500 ROTC officers in the current state in YOS 1, which is
precisely the number of annual ROTC accessions. Turning our attention
to the items to the right of the current state, we see that 22 of these
4500 officers are lost; 2106 receive rating transfers and 2372 flow
laterally, i.e., advance one year of service only.

Moving to YOS 2, we see that there are 4478 officers in the cur-
rent state, 2372 of them having flowed laterally from YOS 1 and 2106
of them having received rating transfers in YOS 1.

If we now turn our attention to the bottom half of Fig. 37, which
deals with all ROTC captains, we see that there are 3211 officers in
the current state in YOS 5, 363 of them flowing into the current state
via the augmentation and promotion path, and 2811 flowing into the
current state via the promotion only path. And comparing the captain
flows into YOS 5 with the lieutenant flows out of YOS 4, we see the 363
lieutenants receiving both augmentation and promotion and the 2811 lieu-
tenants receiving only promotions. As with the two preceding reports,
sevgral summary lines are printed at the foot of each Officer Flow re-

port section.
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OFFICER FLOWS AND IMPLIED FORWARD COMPUTATION RATES
The next report, illustrated with Figs. 40 and 41, shows how the

officers move through the various phases of the computation process as
they flow from one year of service to the next. Recall that the 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

The report illustrates the actions taken at each step of the cycle.

The reports illustrated by Figs. 40 and 41 refer to ROTC pilots
holding regular commissions, and each report deals with a different
grade. At the top of Fig. 40 lieutenants are reported. We see that
in YOS 3 there are no officers in the current state-—~the initial officer
state., Thus there are no losses. There are, however, 355 augmenta-
tions from reserve pilot to regular pilot, and the report shows this
as a flow into the cycle. Continuing, five promotions to captain take
place, thus yielding 350 officers in YOS 4--which is precisely the
number reported in the Officer Force Grade Distribution report of
regular lieutenants as shown in Fig. 30, p. 70.

If we focus now on YOS 4, with 350 in the initial state, 4 are
lost, leaving 347 remaining. No rating transfers take place and 278
augmentations into the regular force take place, resulting in a total
or residue of 625, from which 593 promotions to captain take place.
The loss rates are also computed and printed to provide a comparison
with the user-provided input quantities.

Turning now to the middle report in Fig. 40, which deals with
captains, we see in YOS 3 and 4 promotion flows of 5 and 593 officers,
respectively, into the cycle. These are the 5 and 593 officers pro-

moted out of lieutenant.
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IMPLIED FORWARD COMPUTATION PROMOTION PARAMETERS

Figures 42 and 43 illustrate a report produced by the OFPM to pro-
vide a means to check the accuracy of the model's promotion computa-
tion algorithms. The model, utilizing computation results only and
making no use of imput parameters, computes what the promotion inputs
must have been as indicated by the actual promotions made. A brief
glance at the promotion inputs as shown in Fig. 25, p. 58, will confirm
that the promotion algorithms are operating properly in this model rum.

In addition to producing a grade's promotion parameters by rating
and sources of commission, aggregate parameters over ratings and sources
are also produced. Also printed is the computed number of eligibles
and promotions. For example, focusing on ROTC pilots eligible for
promotion to captain, the Promotion Parameters report indicates that
there are 1407 eligibles, which is the total number of ROTC pilots
with five years of service as reported on the Officer Force Grade

Distribution report, Fig. 30, p. 70.

AUGMENTATION OPPORTUNITIES

Figure 44 contains the Augmentation Opportunities report. Recall

that the progression model requires that augmentation rates be provided,
i.e., the fraction of those eligible reserve officers in a given year
of service that actually are augmented into the regular force., However,
a more meaningful policy variable is augmentation opportunity, i.e.,
the percentage of officers from a reserve source of commission that
hold regular commissions. The Augmentation Opportunities report pro-
duces the opportunities implied by the augmentation rates.

Unless the user makes a contrary request on the Options card (see
p. 67), augmentation opportunities will be printed for YOS 3-7. Focus-
ing on ROTC pilots again, we see that in YOS 4, the augmentation op-
portunity is 25 percent, with 1064 reserve ROTC pilots and 355 regular
ROTIC pilots, yielding a total of 1419. Note that 355 is 25 percent of
1419, and are consistent with Fig. 30, p. 70.

IMPLIED GRADE LIMITATIONS COMPUTATION INPUTS
The final set of outputs to be discussed deals with the grade

limitations model. Using computation results only, the progression
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model determines what the grade limitations inputs would have been had
this been a run of the grade limitations as opposed to the progres-
sion model. Figures 45 and 46 contain some of the grade limitation
outputs, which indicate how promotions were distributed over the years
of service by component, grade, rating, and source of commission. For
instance, at the top of Fig. 45 we see how regular Academy promotions
were distributed: 2.5 percent of the promotions to major took place
in YOS 8, 2.5 percent in YOS 9, 88.8 percent in YOS 10, and 6.2 percent
in YOS 11. Focusing on the secondary-zone promotions (YOS 8 and 9),
we see that 5 percent of the promotions were awarded below the zone,
and that 50 percent of those promotions took place in the first of the
two secondary-zone years. Both of these percentages are consistent

with the secondary-zone promotion inputs of Fig. 25, p. 58.

ERROR AND WARNING MESSAGES
The OFPM thoroughly checks the input deck for errors and inconsis-

tencies, producing extensive diagnostic messages whenever such a situ-
ation is encountered. In addition, the output package thoroughly re-
views each output line printed for negative entries and for violations
of the state equations that support the steady-state modeling process.
This extensive output checking was originally included as a debugging
tool, but has also proved extremely useful during general use of the
model.

To aid in locating these error and warning messages, an error and
warning message summary is produced at the end of each run (unless, of
course, no errors or warnings were printed). The sample run used for
illustrative purposes contained no such messages. To provide an il-
lustration of the message summary format, we modified the sample run
slightly by adding a pilot rating transfer rate of 10 percent for
non-rated ROTC officers with four years of service. Thus in the
fourth year of service we asked the model to train 450 non-rated ROTC
lieutenants to be pilots. We chose YOS 4 because it lies in the pro-
motion zone for promotion out of lieutenant and into captain. As dis-
cussed on p. 8, the user is cautioned not to do this because results
are only approximate, thereby forcing the model to generate warning

messages.
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Figures 47 and 48 contain the Officer Flow reports that caused
the generation of the warning messages shown in Fig. 49. Turning to
the top of Fig. 47 we note first the presence of asterisks in YOS 4
and YOS 5, which indicate that the steady-state equations are not
satisfied--the flows out do not equal the number in the current state
in YOS 4, and the flows in do not equal the number in the current state
in YOS 5. We also note that in YOS 4, -38 officers were augmented out,
while in YOS 5 -38 were augmented in.

Comparing Fig. 47, which coincidentally is a computer page 47,
with the warning messages for computer page 47 in the warning message
- summary, we note that all four conditions were detected and reported,
along with a word of caution concerning the concurrent use of rating
transfers and promotions. The warning messages for computer page 49

are similar to those for computer page 47.
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Appendix A
DERIVATION OF RATING TRANSFER RATES, RAT(C,G,R,IS,Y)

The user of the OFPM provides, as inputs, the fraction of annual
accessions from each source of commission that are to become pilots
or navigators in their second, third, fourth, etc., year of service.
However, the model's computation scheme requires rating transfer rates,
i.e., the fraction of those officers in a state that are to receive
rating transfers. For example, where the model's inputs may ask that
30 percent of annual ROTC accessions be granted rating transfers to
pilot in their second year of service, the model's computations need
to know the fraction of those non-rated ROTC officers with two years
of service that are to be granted their pilot wings. In this appendix
we describe how the fractions of annual accessions are converted to

the required rating transfer rates. Let

Fraction of annual accessions from source

g(R,IS,Y)
of commission IS who become pilots (R = 1)
or navigators (R = 2) in YOS Y+1. These
are the rating transfer inputs provided
by the user.

Number of non-rated officers in state
(C,G,3,1S8,Y).

The proportion of non-rated officers in

s(,G,3,1s,Y)

RAT(C,G,R,IS,Y)

state (C,G,3,IS,Y) who are not lost to
the Air Force in YOS Y and who complete
UPT (1f R = 1) or UNT (if R = 2) and are
awarded an aeronautical rating of pilot
(R = 1) or navigator (R = 2) in YOS Y+1.
These are the rates we wish to compute.

RAT(C,G,3,IS,Y) RAT(C,G,1,IS,Y) + RAT(C,G,2,IS,Y).

NRAT(C,G,3,IS5,Y) 1 - RAT(C,G,3,1S,Y).

AUG(2,G,R,1IS,Y) = The augmentation rate for reserve offi-
cers in state (1,G,R,IS,Y) to be



Then,

Also

Then

NAUG(2,G,R,IS,Y)
s'"(c,G,3,1S,Y)

s(1,1,3,1s,1)

s(2,1,3,15,1)

s(c,1,3,1s,1)

RE(C,G,R,IS,Y)

s'"(1,1,R,1S,2)

n
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augmented into the regular component in
YOS Y+1.
1 - AUG(2,G,R,IS,Y).

Number of non-rated officers in state

(C,G,3,1S,Y) assuming no promotions out

of state.

0 if IS is 1 (Academy); no Academy

graduates hold reserve commissions.

0 if IS is 2 (ROTC) or IS is 3 (OTS/
other); non-Academy graduates do not
hold regular commissions in their first
year of service under present policies.
Annual accessions from source of commis-
sion IS where C = 1 for non-Academy, and

C = 2 for Academy.

Proportion of officers in state
(C,G,R,1IS,Y) not lost to the Air Force
in YOS Y; i.e., the fraction retained.

s(1,1,3,Is,1) - RE(1,1,3,IS,1)
- RAT(1,1,R,IS,1) * NAUG(2,1,R,IS,1)

Number of reserve pilots (R = 1) or

‘navigators (R = 2) in YOS 2.

(a-1)
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s(1,1,3,18,1) - RE(1,1,3,1S,1) (A-2)
- RAT(1,1,R,IS,1) - AUG(2,1,R,IS,1)

+ s8(2,1,3,18,1) - RE(2,1,3,15,1)

- RAT(2,1,R,IS,1).

Number of regular pilots (R = 1) or
navigators (R = 2) in YOS 2.

$"(2,1,R,1S,2)

Note that in the above two equations the values for RAT are not known.
Thus, in terms of the unknown rating transfer rates, the total number

of officers with rating R in Y0S 2 is given by

s"(1,1,R,1S,2) + S"(2,1,R,1S,2) = (A-3)
s(1,1,3,1s,1) - RE(1,1,3,1S,1) - RAT(1,1,R,IS,1)
+ s(,1,3,1s,1) - RE(2,1,3,15,1) - RAT(2,1,R,15,1)

[]

where R = 1 for pilot,
R = 2 for navigator.

Now, working from the inputs provided by the user, we know that

s"(1,1,R,1S,2) + s"(2,1,R,1S,2) = g(R,IS,1) (A~4)
. [S(1,1,3,1S,1)
+5(2,1,3,15,1)].

Substituting A-4 into A-3, we obtain

g(®,1s,1) - [s(1,1,3,IS,1) + S(2,1,3,15,1)] = (A-5)
s(1,1,3,1s,1) - RE(1,1,3,IS,1) - RAT(1,1,R,IS,1)
+ s(2,1,3,1s,1) - RE(2,1,3,IS,1) - RAT(2,1,R,IS,1).

In Eq. A-5 all the quantities are known except RAT(1,1,R,IS,1) and

RAT(2,1,R,IS,1).
One additional assumption is needed to determine these unknown

rating transfers. We assume that

RAT(1,1,R,IS,1) = RAT(2,1,R,1S,1). (A-6)
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In other words, reserve non-rated lieutenants from source of com-
mission IS are equally as likely to receive rating transfers as their
regular counterparts.

We can now solve for the unknown rating transfers, yielding

RAT(C,1,R,IS,1) = (A-7)

g (R,1S,1) - [S(1,1,3,1S,1) + S(2,1,3,1IS,1)1]
s(1,1,3,1s,1) - RE(1,1,3,15,1) + s(2,1,3,1S,1) - RE(2,1,3,1S,1)

where R
R

In general, the rating transfer rates for YOS Y are determined by

1 for pilot,

2 for navigator.

RAT(C,1,R,1S,Y) = (A-8)

2(R,IS,Y) - [s(1,1,3,IS,1) + §(2,1,3,1IS,1)]
s'(1,1,3,1S,Y) - RE(1,1,3,18,Y) + 8"(2,1,3,1S,Y) + RE(2,1,3,1S,Y)

s"(1,1,3,1S,Y-1) - RE(1,1,3,IS,Y-1)

. NRAT(1,1,3,IS,Y-1) - NAUG(2,1,3,IS,Y-1)
s(1,1,3,18,Y-1) - RE(1,1,3,IS,Y-1)

. NRAT(1,1,3,IS,Y-1) - AUG(2,1,3,IS,Y-1)
+8"(2,1,3,1S,Y-1) - RE(2,1,3,IS,Y-1)

. NRAT(2,1,3,IS,Y-1).

where §"(1,1,3,1S,Y)

and $"(2,1,3,IS,Y)

In summary, the above computations have assumed the following:

o For a given source of commission and a given year of service,
reserve non-rated lieutenants are equally as likely to re-
ceive rating transfers as their regular counterparts.

o Promotions occur only in those years of service subsequent
to the years of service during which rating transfers have

been made.

Since it will be required by the discussion in Appendix B, we
would like to show how to compute the number of officers that receive
rating transfers in a given year of service. If YOS Y, corresponds

i
to promotion cycle year i, then



-99.

ri = S(191,3sIs)Yi_l) ° RE(1,1,3,IS,Yi=1) (4-9)
- RAT(1,1,R,IS,Y, .)
1=

R, = 5(2,1,3,I8,Y, ;) * RE(2,1,3,IS,Yi_1) (A-10)

- RAT(2,1,R,TS,Y ;)

where r The number of reserve non-rated lieutenants who complete

i
UPT if R = 1 (or UNT if R = 2) and become pilots (or navi-
*
gators) in YOS Yi’
Ri = The number of regular non-rated lieutenants who complete

UPT 1f R = 1 (or UNT if R = 2) and become pilots (or navi-

gators) in YOS Yie

*If R = 3, then it is the sum of non-rated lieutenants who become
pilots and non-rated lieutenants who become navigators in YOS Yj. As
an illustration, if i = 4, then Y; = 5, R = 1 and r, is defined as the
number of reserve non-rated officers who become pilots in their fifth
YOS, which is the fourth promotion cycle year.
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Appendix B
DERIVATION OF PROMOTION FORMULAS AND RELATED OFFICER
FORCE PROGRESSION MODEL STATES AND FLOWS

In this appendix we shall derive the formulas required to compute
the quantity of officers to promote each year in a manner consistent with
promotion, augmentation, and other established personnel policies. Ap-
pendix B is in three parts: (1) non-rated lieutenants, (2) rated lieu-

tenants, and (3) captain and higher grades, rated and non-rated officers.

PART 1: NON-RATED LIEUTENANTS

Figure B-1 depicts a five-year promotion cycle for non-rated lieu-
tenants. The reader will note that Fig. B-1 is the same as Fig. 20 in
Section II of the text except that the paths have been labeled for re-
serve and regular promotions with Pi and Mo respectively, to designate
the quantity of non-rated promotions to captain during promotion cycle

*
year 1.

SYMBOLS AND NOTATION

In the formulas used below, we will make some changes of symbols

and notation used in the text in the interest of simplicity. First,
since the derivation of formulas applies to non-rated officers with the
same source of commission, we will omit the rating and source of com-
mission from our symbols. Second, it is more convenient to use the

cycle year rather than the year of service in our notatiom. Third, we

*During years when rating transfers occur and ry # 0 or Ry # 0,
then normally the number of promotioms equals zero, i.e., m; = 0 and
P; = 0. 1In the years of service subsequent to those in which rating
transfers occur but during which promotions occur, then normally ry = 0
and Ry = 0 but my > 0 or Py > 0. If the user has inputs such that
rating transfers and promotions both occur in the same year of service,
the model will solve the equations but print an error message since
RAT(C,1,R,IS,Y) has been computed in Appendix A under the assumption
of zero promotions. Usually the error will be quite small. In all
years of service subsequent to those during which rating transfers are
permitted, RAT(C,1,R,IS,Y) = 0 and NRAT(C,1,R,IS,Y) = 1.
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will specify the component in the symbol. Further, subscript G will be
understood as the grade of lieutenant, and G+1 as grade of captain, in
the first part. It is convenient to use these conventions since we will
use many of the formulas in the second and third parts without change.

Therefore,

S(RES,G,1i) = Number of non-rated (in Part 1) reserve officers with
grade G in cycle year i with source of commission IS,
i.e., number of non-rated officers with source of com-

mission IS in state (RES,G,i).

Thus, S(RES,G,4) in three-subscript form in the first part of this
appendix is equivalent to S(1,G,3,IS,PP) in five-subscript form as used
in Section II of the text.

Similarly,

S(REG,G,1) = Number of non-rated regular officers with grade G in
cycle year 1 with source of commission IS (i.e., the
number of non-rated officers with source of commission

IS in state (REG,G,1i)).

B(RES,G,1i) = Loss rate for officers in state (RES,G,i).

B(REG,G,1i) = Loss rate for officers in state (REG,G,i).

RE(RES,G,1i) = Retention rate for officers in state (RES,G,i)
= 1-B(RES,G,1).

RE(REG,G,1i) = Retention rate for officers in state (REG,G,i)

= 1-B(REG,G,1).

It is also clear that augmentations always flow from the reserve
to the regular component and, in this report, rating transfers always
flow from non-rated to rated. Further, in this report, only lieutenants
are awarded aeronautical ratings. Therefore, in this appendix's sim-
plified notation only two subscripts are required for augmentation

and for rating transfer flows.

Thus,



AUG(G,1)

NAUG(G,1)

RAT(RES,1)

RAT (REG, 1)

NRAT(RES,1i)
NRAT (REG, 1)
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The augmentation opportunity for reserve officers in
grade G and cycle year i for augmentation into the
regular component during cycle year i+l

AUG(2,G,R,IS,Y) in five-subscript form where there is

a unique year of service Y, for each cycle year 1 =
1,2,3,4,5, depending on the designation of the phase
point, PP.

1-AUG(G,1).

The proportion of eligible non-rated reserve lieutenants
who will complete UPT or UNT and be awarded aeronauti-
cal ratings in cycle year i+l.

RAT(1,1,3,IS,Y) in five-subscript form.

The proportion of eligible non-rated regular lieutenants
who will complete UPT or UNT and be awarded aeronauti-
cal ratings in cycle year i+l

RAT(2,1,3,IS,Y) in five-subscript form.

1-RAT(RES,1).

1-RAT(REG,1).

RECURSIVE FORMULAS

Figure B-1 shows that S(RES,G+1,1) = S(REG,G+1l,1l) = O, i.e., there
are no captains in the first year of the promotion cycle. The model
has computed and has values for S(RES,G,l) and S(REG,G,l); therefore,

these values may be considered as known or given at this stage of the

computation.

Then for non-rated lieutenants we have the following re-

cursive formulas, for i = 1,2,3,4.

S(RES,G,i+1) = S(RES,G,i) < RE(RES,G,i) - NRAT(RES,i)

* NAUG(G,1) - P .. (B-1)
S(REG,G,i+l) = S(REG,G,i) - RE(REG,G,i) * NRAT(REG,1i)
+ S(RES,G,i) - RE(RES,G,i) - NRAT(RES,i)
¢ AUG(G,1) - T .. . (8-2)
S(RES,G+1,1i+1l) = S(RES,G+l,1) * RE(RES,G+1,1)
* NAUG(G+L,1) + P .. (B-3)
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S(REG,G+1,i+1) = S(REG,G+l,i) * RE(REG,G+1,1i)
+ S(RES,G+1,i) * RE(RES,G+1l,i)

- AUG(GHL,1) + T, (B-4)

+1°

STATE QUANTITY FORMULAS IN TERMS OF STATE QUANTITIES FOR CYCLE YEAR 1

By applying B~1 through B-4 recursively, we can express the number
of officers in each non-rated state in the promotion cycle in terms of
known parameters and the eight unknown promotion quantities. For exam-
ple, in the second year of the promotion cycle, the non-rated state

quantities are

S(RES,G,2) = S(RES,G,1) * RE(RES,G,1) - NRAT(RES,1)
* NAUG(G,1) - P,.
S(REG,G,2) = S(REG,G,1) + RE(REG,G,1) + NRAT(REG,1)
+ S(RES,G,l) - RE(RES,G,1) - NRAT(RES,1)
- AUG(G,1) - m,.
S(RES,G+1,2) = P,.
S(REG,G+1,2) = ,.

In a similar manner, cycle year three can be expressed in terms
of cycle year two and therefore in terms of cycle year one. Proceed-
ing in this manner, all the years in the promotion cycle can be ex-
pressed in terms of known parameters and the eight unknown promotion

quantities, thus yielding the following sixteen state quantities:

S(RES,G,i+l), S(REG,G,i+1),
S(RES,G+1,i+1), S(REG,G+1,1+l), for i = 1,2,3,4.

These state quantities, along with other inputs, will be used to
derive eight constraint equations in the eight unknown promotion quan-
tities P2 thru P5 and Ty thru Moo

EIGHT CONSTRAINT EQUATIONS

We now must specify the eight constraint equations. Two of them
deal with below-the-zone promotions, two with cumulative promotion

opportunity, and four relate reserve and regular promotions.
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Secondary-Zone Promotions

The user of the model specifies the fraction (F) of secondary or
below-the-zone promotions that take place in the first year of the pro-
motion cycle.

Then

ky = F/(1-F)
and
P2 + m, = kB o (P3+w3) (B-5)

is the first constraint equation as required to insure that the proper
distribution of below-the-zone promotions will occur in the two below-
the-zone promotion years. The user also specifies the proportion (BZF)
of total promotions that must occur the secondary zone. Thus the second
condition that must be satisfied is given by

P, +P,+m, + ﬂ3 = (BZF) - (P2+P +P , +P _+1 +W3+W4+ﬂ (B-6)

g t B3+, 3P, 5)

Promotion Opportunity

The third and fourth equations are constraint equations that pro-
vide for cumulative promotion opportunities in the first and second

years in the primary zone. Let

C4 = The proportion of officers who survive to the
fourth promotion cycle year in grade G or higher
who have been promoted to grade G+l or higher
during or prior to cycle year 4, i.e., the first

year promotion opportunity.

Then the third constraint equation is given by

S(RES,G+1,4) + S(REG,G+1,4)
=C, - [S(RES,G,4) + S(REG,G,4) + S(RES,G+1,4)
+ S(REG,G+1,4)]. (B-7)
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Let

C5 = The proportion of officers who survive to the
Sfourth promotion cycle year in grade G or higher
and who are promoted to grade G+1 during their ca-

reer, i.e., the second year promotion opportunity.
Then the fourth constraint equation is given by
S(RES,G+1,5) + S(REG,G+1,5) + S(RES,G+1,4)
* B(RES,G+1,4) + S(REG,G+1,4) - B(REG,G+1,4)
=Cg - [S(RES,G,4) + S(REG,G,4)

+ S(RES,G+1,4) + S(REG,G+1,4)]. (B-8)

Relating Reserve to Regular Promotions

The last four constraint equations define relationships between

Pi and T for i = 2,3,4,5 as follows:

Pi = ki sy for i = 2,3,4,5. (B-9)
To estimate ki’ we assume the ratio of reserve to regular state
quantities for cycle year i is approximately equal to what their ratios
would have been had no rating transfers or promotions occurred and that
ki equals this ratio. Thus for zero rating transfers and promotions,

we have from Fig. B-1

s'(RES,G,2) = S(RES,G,1) - RE(RES,G,1) - NAUG(G,1). (B-10)
s'(REG,G,2) = S(REG,G,1) - RE(REC,G,1)

+ S(RES,G,1) + RE(RES,G,1) - AUG(C,1). (B-11)
s’ (rEs,6,3) = s'(xes,6,2) - RE(RES,G,2) - NAUG(G,2). (B-12)
st (REG,G,3) = s1(REC,G,2) - RE(REG,G,2)

+ ST(RES,G,2) - RE(RES,G,2) - AUG(G,2). (B-13)
Sl(RES,G,4) = Sl(RES,G,3) . RE(RES,G,3) . NAUG(G,3). (B—l4)
s'(rec,6,4) = s'(rec,c,3) - RE(REG,G,3)

+ s1(RES,G,3) - RE(RES,G,3) - AUG(G, 3) (B-15)



-107-

sl (rES,G,5) = SY(RES,G,4) + RE(RES,G,4) ° NAUG(G,4). (B-16)
sl(REG,G,5) = ST(REG,G,4) * RE(REG,G,4)

+ s1(RES,G,4) - RE(RES,G,4)  AUG(G,4). (5-17)
K, = s (RES,G,1) /St (REG,G,1) for 1 = 2,3,4,5. (B-18)

where

Sl(RES,G,i) = Number of reserve officers in state (RES,G,i)
under conditions of zero rating transfers and
promotions 1 = 2,3,4,5.

Sl(REG,G,i) = Number of regular officers in state (REG,G,1i)
under conditions of zero rating tramsfers and

promotions 1 = 2,3,4,5.

Eight Constraint Equations in Terms of Py and mj, i = 2,3,4,5

We now have all the information required to solve for the number
of reserve, Pi’ and regular promotions, Wi’ in promotion cycle years
i, i = 2,3,4,5. We substitute the sixteen state quantities in terms
of state quantities for cycle year 1 into the eight constraint equa-
tions (B—?) through (B-9). We also substitute ki for i = 2,3,4,5 from
equation (B-18) into (B-5) through (B-9) to produce the following
eight constraint equations containing only eight unknown variables,

Pi and LIE i=2,3,4,5.

P2+1r2 = k (P3+n3). (B-19)
2+P3+1r2+173 (BZF) - (P +P3+P +P +ﬂ +ﬂ3+ﬂ4+ﬂ5) (B-20)
2 2 3 3+P4+L T +L3'n3+1r4 = C. (B-21)
2 2 3P +P4+P +N ﬂ2+N m +ﬂ4+ﬁ = D, (B-22)
2 = 2 © Ty (B-23)

P3 = k3 <My (B-24)

P4 = k4 C My (B-25)

P5 = k5 < Ty (B-26)

where



+ B
+ B

2
3
+ A2

HOE Uy
OOw N W N

+ A3

=
L]
NQ
.
Q

+ 62

=
N
"
Q
O

+ A

w
[9%)
o

Y3 . C5 + A3

Z =
Ow N

=C, ° (zl+22+z

+ 8y
)"

= C. * (zl+zz+z

-108-

© (1-c,).
- (1-c,).
- (1-c,).
. (1-c,).
3

- (1-c,).
(1-c,).
(1-c,).
. a-cy).

3)'

and for non-rated lieutenants

«. = RE(RES,G,2) * NRAT(RES,2) « [NAUG(G,2) - RE(RES,G,3)
. NRAT(RES,3) + AUG(G,2) * RE(REG,G,3)

+ NRAT(REG,3)].

8. = RE(RES,G+1,2) - [NAUG(G+l,2) - RE(RES,G+1,3)
+ AUG(G+1,2) - RE(REG,G+1,3)].
o. = RE(RES,G,3) * NRAT(RES,3).

B, = RE(RES,G+1,3).

A. = RE(REG,G+1,3).

z. = S(RES,G,1) * RE(RES,G,l) * NRAT(RES,1)
- [NAUG(G,1) + a, + AUG(G,1) * v,].
z. = S(REG,G,1) + RE(REG,G,1) + NRAT(REG,1) * v,-

0.

N
1

(B-27)
(B-28)
(B-29)
(B-30)
(B-31)
(B-32)
(B-33)
(B-34)
(B-35)
(B-36)

= RE(REG,G,2) °* NRAT(REG,2) + RE(REG,G,3) * NRAT(REG,3).
A. = RE(REG,G+1,2) + RE(REG,G+1,3).
= RE(REG,G,3) * NRAT(REG,3).

By substituting values of (Pi/ki) from expressions (B-23) through

(B-26) in equations (B-19) through (B-22) we get four equations and

four unknown variables, Tys i = 2,3,4,5. Further successive substi-

tutions lead to the following explicit solutions of ™y i= 2,3,4,5.
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1+k3'
5070 | 737
2
"2 T R (TFk,) (B-37)
(l+kB)(l+k3)(1-BZF)+(BZF) _—ZT:E;T (k2M2+N2) + k3M3+N3
(BZF)D
"3 7 k (1+k,) (B-38)
(1+kB)(l+k3)(l—BZF)+(BZF) —_ZE;EET (k2M2+N2) + k3M3+N3
(BZF) D] kB(1+k3)(J2k2+L2) . 3L
c 51+k4y (l+k2) 3373
o T T T kg (k)
(l+kB)(l+k3)(1—BZF)+(BZF) ——YE;EET (k2M2+N2) + k3M3+N3
(B-39)
kB(l+k3)
. (:L+kB) (1+k3) (1-BZF)D+(BZF)D _—(lTkz')_ (J2k2+L2) + J3k3+L3
s T (k) T (1K)
(l+kB) (l+k3) (1-BZF)+(BZF) —_(—i'l_'k—z-)_ (k2M2+N2) + k3M3+N3
L (B-40)
(1+k5)
Then P i = 2,3,4,5 can be computed using expressions (B-37) through

ii
(B-40) in expressions (B-23) through (B-26).

COMPUTATION OF FLOWS

Now that the model has computed the total number of regular pro-

motions in cycle year i, it is necessary to prorate these promotions

among officers:
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o Who were regular non-rated 1ieutenants* and were pro-~
moted to regular non-rated captain, PR(2,2,3,IS,Yi).+

o Who were reserve non-rated lieutenants and who were
augmented into the regular component and then promoted

to regular non-rated captains, PA(2,2,3,IS,Yi).

where Yi = Year of service that corresponds to cycle year i.
Figure B-2 will be useful in following the explanation of the follow-

ing computations. Let

a, = The number of reserve non-rated lieutenants who are

not lost to the Air Force in YOS Yi_ and who do not

complete UPT or UNT in YOS Yi and whi are
augmented into the regular component in YOS Y
i=2,3,4,5

= S(l,l,3,IS,Yi_1) « RE(1,1,3,1s8,Y

. NRAT(1,1,3,IS,Y

i’

i—l)

o) ° AUG(L,1,3,IS,Y. ).

and

b, = Number of regular non-rated lieutenants who are not
lost to the Air Force in YOS Yi—l and who do not com-
plete UPT or UNT in YOS Yi’ i=2,3,4,5

= S(2,l,3,IS,Yi_1) . RE(2,1,3,IS,Yi_

. NRAT(2,1,3,1S,Y

1
1-10°

PR(1,2,3,IS,Yi) = Number of non-rated reserve lieutenants with
YOS Yi—l who are promoted but who do not re-
ceive a rating transfer nor are augmented into
the regular component in YOS Yi

= Pi' (B-41)

*
In the discussion of grades in this appendix, all grades are cur-
rent, not permanent.

+The five-subscript notation will be used for the remainder of
Part 1.
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PR(2,2,3,IS,Yi)

PA(2,2,3,IS,Yi)

AU(191’3$IS)Y1)

LAT(l,l,B,IS,Yi)

LAT(2,1,3,IS,Yi)
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Number of regular non-rated lieutenants with

YOS Yi—l who are promoted but who do not re-
ceive a rating tramnsfer in YOS Yi.
[bi/(ai+bi)] C oMy (BT42)

Number of reserve non-rated lieutenants with

YOS Yi- who do not receive a rating transfer

1
in YOS Yi but who are promoted and augmented

into the regular component in YOS Yi
[a;/(a;4b )] - 7.

Number of reserve non-rated lieutenants with
YOS Yi-l

and who are not promoted in YOS Yi but who are

who do not receive a rating transfer

augmented into the regular component in YOS Yi
a, - PA(2,2,3,15,Y ). (B-44)

= Number of lateral flows from state

(l,l,3,IS,Yi_l) into state (l,l,3,IS,Yi)
s(1,1,3,Is,Yi_l) . RE(l,l,B,IS,Yi_
. NRAT(l,l,3,IS,Yi_1)

. NAUG(l,l,S,IS,Yi_l) -P

7

i (B-45)
Number of lateral flows from state
(2,1,3,IS,Y1_1) into state (2,1,3,IS,Yi)
$(2,1,3,18,Y, ;) * RE(2,1,3,IS,Y, ;)

- NRAT(2,1,3,IS,Y, ;) - 7. (B-46)

PART 2: PILOT OR NAVIGATOR LIEUTENANTS

Figure B-3 depicts a five-year promotion cycle for pilot or navi-

gator lieutenants.

the paths Pi

Figure B-3 is similar to Fig. 21 in Section II with

and Tys respectively, labeled to designate the quantity of

promotions of pilots (or navigators) to captain during promotion cycle

year i.
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SYMBOLS AND NOTATION

In Part 2,

r, = The number of non-rated reserve lieutenants who
complete UPT (or UNT) and are awarded an aero-
nautical rating of pilot (or navigator) in cycle
year i as explained in Appendix A.

Ri = The number of non-rated regular lieutenants who

complete UPT (or UNT) and are awarded an aero-
nautical rating of pilot (or navigator) in cycle

year i as explained in Appendix A.

Other symbols and notation are as defined in Part 1 of this appen-

dix, except that they apply to pilots (or navigators). For example,

S(RES,G,1) = The number of reserve pilots (or navigators) in grade
G, in cycle year 1 with source of commission IS;
since the aeronautical rating and source of com-
mission are known during this part of the computa-

tion, they need not be subscripted.

RECURSIVE FORMULAS

From Fig. B-3, with lieutenant = G and captain = G+1,

S(RES,G+1,1) = S(REG,G+1,1) = 0.

The model has computed and has values for S(RES,G,1) and S(REG,G,l1) so
that these values are available when required during further computa-
tion described below.

Then for pilot (or navigator) lieutenants we have the following

recursive formulas for 1 = 1,2,3,4:

S(RES,G,i+l) = [S(RES,G,i) - RE(RES,G,i) + ri]

« NAUG(G,i) - P (B-47)

i+l°
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S(REG,G,i+l) = S(REG,G,i) ° RE(REG,G,i) + R,
+ [S(RES,G,1) + RE(RES,G,1) + r,]

* AUG(G,1) - m .- (B=48)
S(RES,G+1,1i+1) = S(RES,G+1,i) * RE(RES,G+l,1i)

. NAUG(G+1,1i) + P (B=49)
S(REG,G+1,i+1) = S(REG,G+1,i) ° RE(REG,G+l,i)

+ S(RES,G+1,i) ° RE(RES,G+l,i) < AUG(G+1l,1i)

+ T, .. (B-50)

i+l

STATE QUANTITY FORMULAS IN TERMS OF STATE QUANTITIES
FOR CYCLE YEAR 1

As in Part 1, by successive evaluation for i = 1,2,3,4 of expres-

sions (B-47) through (B-50) we can get sixteen state quantity expressions
in terms of eight unknown variables P2 through P5 and Ty through Tes

and known parameters and state quantities for cycle year 1.

EIGHT CONSTRAINT EQUATIONS

The fractiom, F, of the secondary or below-the-zone promotions is

specified by the user of the model; as in Part 1,
kB = F/(1-F)
and

= ° + -
P2 + , kB (P3 ﬂ3) (B-5)
is the first constraint equation that the model must satisfy. As in
Part 1, the user also specifies the proportion (BZF) of total promo-
tions that must occur in the secondary zone, and

P, + P, +m (B-6)

2 3 2 + L (BZF) - (P2+P +P 4P 47 47 47,47

EIALEALP AL ALY
is the second comstraint equation. Similarly, the remaining six con-
straint equations for pilot (or navigator) lieutenants are exactly as
required for non-rated lieutenants and are given by expressions (B-7)

through (B-9) in Part 1.
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Similarly, expressions (B-10) through (B-18) of Part 1 also apply

to pilot (or navigator) lieutenants.

EIGHT CONSTRAINT EQUATIONS IN TERMS OF P; and w3, i = 2,3,4,5

For pilots (or navigators) expressions (B-19) through (B-36) are

unchanged, with the following modifications:

a., = RE(RES,G,2) - [NAUG(G,2) - RE(RES,G,3)
+ AUG(G,2,) * RE(REG,G,3)].

8. = RE(RES,G+1,2) - [NAUG(G+1,2) « RE(RES,G+l,3)
+ AUG(G+1,2) - RE(REG,G+1,3)].

o, = RE(RES,G,3).

B, = RE(RES,G+1,3).

Y, = RE(REG,G,2) - RE(REG,G,3).

A, = RE(REG,G+1,2) + RE(REG,G+l,3).

= RE(REG,G,3).

by = RE (REG, G+1,3).

z) = S(RES,G,1) - RE(RES,G,1) - [NAUG(G,1) * a
+ AUG(G,1) - v,].

z, = S(REG,G,1) * RE(REG,G,1) - v,.

zy = r, * [NAUG(G,1) * a, + AUG(G,1) * v,]
+ T, - [NAUG(G,2) * a., + AUG(G,2) - Y3]

3
L) + R3 © Y + R4.

2

+r, +R
4

As in Part 1, we are able to reduce the eight constraint equations to
four equations, (B-37) through (B-40), that provide explicit solutions

for 7w, through n,. from which P, through P_ may be solved using solu-

2 5 2 5

tions of ™, through s in expressions (B-23) through (B-26).

COMPUTATION OF FLOWS

Figure B-4 is useful in explaining how flows of pilot (or navi-
gator) lieutenants are computed. The following discussion is in terms

of pilots but applies equally to navigators. Let
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*
We revert to the

this part.
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Number of reserve lieutenant pilots with
source of commission IS who are in the
officer force with YOS Yi—l and who are
not lost during YOS Yi—l
5(1,1,1,18,Y, ) * RE(1,1,1,15,7, ).
Number of regular lieutenant pilots with
source of commission IS who are in the
officer force with YOS Yi-l and who are
not lost during YOS Yi-
S(2,l,1,IS,Yi_1 1).

Number of non-rated reserve lieutenants with

1
) * RE(2,1,1,IS,Y,

source of commission IS who complete UPT and
receive an aeronautical rating of pilot in
YOS Yi'

Number of non-rated regular lieutenants with
source of commission IS who complete UPT and
receive an aeronautical rating of pilot in
YOS Yi.

Number of reserve pilot lieutenants with
source of commission IS who are promoted

to captain in YOS Yi'
Number of regular pilot lieutenants with
source of commission IS who are promoted

to captain in YOS Yi.

Number of reserve pilot lieutenants with
source of commission IS who are augmented
into the regular component in YOS Yi

(b +r,) + AUG(2,1,1,Is,Y, ,).

Number of reserve pilot lieutenants with
source of commission IS who are not lost or
augmented into the regular component in

YOS Yi

five-subscript notation for the remainder of



where

also

RT(l,l,l,IS,Yi)

RT(Z,I,I,IS,Yi)

RA(Z,l,l,IS,Yi)

LAT(Z,l,l,IS,Yi)
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(b+ri) ° NAUG(Z,l,l,IS,Yi_l).

Number of reserve pilots with source of
commission IS who are not augmented into
the regular component or lost to the Air
Force or promoted in YOS Yi.,“

(bi+ri) J NAUG(Z,l,l,IS,Yi_l) - Pi‘
Number of non-rated reserve lieutenants
with source of commission IS who complete
UPT in YOS Yi but who are not augmented
into the regular component or promoted in
YOS Y, --*

LI §AUG(2,1,1,IS,Y1_1) . [ei/(Pi+ei)]°
Number of non-rated regular lieutenants
with source of commission IS who complete
UPT and are awarded an aeronautical rating
of pilot in YOS Y

in YOS Yi

R, o [£,/(E+1)]

1 but who are not promoted

fi = (bi+ri)

- Tl’i.

° AUG(Z,l,l,IS,Yi_l) + ¢, + r,

i

Number of non-rated reserve lieutenants

with source of commission IS who complete

UPT and are awarded an aeronautical rating
of pilot and are also augmented into the

regular component in YOS Yi but who are not
promoted in YOS Y1 -

r, - AUG(2,1,1,IS,Y, ) - [fi/(f1+ﬂi)]»'
Number of regular pilot lieutemnants with

YOS Y and source of commission IS who

1-1
are not lost to the Air Force in YOS Yi—l
nor promoted in YOS Yi

ey ° Ifi/(fi+ﬂi)].
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PR(2,2,l,IS,Yi) Number of regular pilot lieutenants with
source of commission IS who are promoted
in YOS Yi and who were regular officers
prior to YOS Yi
= [S(2,l,1,IS,Yi_l
s Iy /(g4 )]
LAT(l,l,l,IS,Yi) = Number of reserve pilot lieutenants with

) - RE(2,1,1,IS,Yi_l) + Ri]

YOS Yi—l and source of commission IS who

are not lost to the Air Force in YOS Yi—l
nor promoted nor augmented into the regular
component in YOS Yi
= S(l,l,l,IS,Yi_l) . RE(l,l,l,IS,Yi_l)
- NAUG(2,1,1,IS,Y; ;) * [e /(e +P)].
PR(l,Z,l,IS,Yi) = Number of reserve pilot lieutenants with
source of commission IS who are promoted
in YOS Yi but who are not augmented in

YOS Y

1
= [5(1,1,1,18,¥, ;) + RE(1,1,1,IS,Y, ;) +r]
* NAUG(2,1,1,I8,Y, ) + [P /(R +e))].

PA(2,2,1,IS,Yi) = Number of reserve pilot lieutenants with
source of commission IS who are promoted
and augmented in YOS Yi

= [S(l,l,l,IS,Yi_l) . RE(l,l,l,IS,Yi_l) + ri]
. AUG(2,1,1,IS,Y1_1) . [ﬂi/(wi+ai)].

PART 3: CAPTAINS AND HIGHER GRADES; RATED AND NON-RATED OFFICERS
Figure B-5, which is the same as Fig. 23 in the text and is shown

again in this appendix for the convenience of the reader, depicts the
promotion cycle for any Grade G, captain or higher, being promoted
into Grade G+1, major or higher. It will be noted that Fig. B-5 is
exactly like Figs. B-1 and B-3 1f there were no rating transfers* for

lieutenants. Thus we set

*
Rating transfers occur only in the grade of lieutenant in the
OFPM.
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RAT(REG,i) = 0
NRAT(REG,i) = 1

RAT (RES,1i)
NRAT(RES,1)

and G in place of lieutenant (G=1) and G+l in place of captain (G=2)
in expressions (B~1) through (B-50). Then the expressions in Part 1
will agree with those in Part 2, and either may be used to compute the
number of reserve and regular officers promoted in cycle year i respec-

tively, Pi and Mo i=2,3,4,5, from Grade G to Grade G+1.
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