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PREFACE

This Mewmorandum describes the problems connected with rotating
Alr Force personne]l between ConUS and overseas locations. It presents
and explains the functioning of a Rotation Base Model for estimating
certain manpower requirements caused by rotation. The model was
developed because of RAND interest in the effect of OSp Civiliani-
zation Programs on the Air Force, and represents an initial attempt
to calculate Air Force rotation base manpower requirements by means
of mathematical programming. Use of the model will indicate those
important factors in the force management process that must be taken
into account in future quantitative models. Quantitative explanations
of the model are contained in appendices, and only minimal kuowledge
of the Air Force Persoannel and Manpower structure is assumed in the
remainder of the Memorandum.

The model was initially briefed to the Manpower and Persounel
offices of the Air Staff and to the Military Personnel Center in March
1967. This Memorandum is intended for those planners in the Manpower
and Personnel area who wmust estimate the required size and composition
of the Air Force, It should also be thought-provoking to analysts
interested in a problem that has barely been considered, and that can

be apprcached from a variety of methodological points ¢f view.
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SUMMARY

Approximately one~third of all Air Force personnel are vverseas
and two-thirds are in the continental United States {ConUS). 1t hes ;'
been traditional policy to allow servicemen returning from overseas
a 'reasonably' long tour im the United States prior to the next over-
seas tour; so that ConUS tours are generally about twice as loug as
overseas tours. In theory, then, the tour groups are balanced. While
the presence cor absence of dependents and area desirability affect
actual overseas tour lengths and prevent precise overall statements,
for certain groups of specialties the picture is one of imbalance.
There is a strong demand for specialty groups such as armament personnel
and postal personnel in short-tour overseas areas without a balancing
demand for thes¢ persomnel types in the ConU$., This creates the problem
of mainiaining a "rotaiion base"--a reservoir of personnel from which
to support overseas requirements.

In practice, ConlUS tour lengths ip th: imbalanced specialties are
adjusted, and personnel assignment and training policies are modified
to cope with overseas requirements, The Air Force manpower structure
adapts to imbalances through a loosely coordinated group of offices,
The imbalance figures computed by the Military Personnel Center are
used most directly by the Directorate of Manpower and Organization.
This Dire  torate attempts to reduce imbalances by replacing overseas
military authorizations with civilian authorizations, or ConlS civilian
authorizations with military authorizations. The Directorate of
Personnel Training uses the imbalance computations to derive projec-
tions of the number of personnel who must be cross-trained in order to
meet requirements.

The current method of computing imbalances (designed by Major
Harry F, Kagan, Military Personnel Center) is adequate for the contin-
uous policy review cycle described gbove, But occasions arise--as in
the OSD Civilianization Programs underway since August 1963--which
make it necessary to compute a numerical lower bound of the military
forces required in ConlS to support rotation requirements, The model

described here takes account of the cross-training and substitutability
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of personne. and yields a more preclse estimate of this lower bound
than the Kagan model. Jlrs function is not t» remedy imbalances by
substituting military peraonnel for civilians, or vice versa, nor fo
generate optimal roiation or training policies, It merely accounts
for numerical requivements and stated cross-training and assigmment
policies in existence at o point in time, and indicates the military
maapower pool required to support thoese regulrements.

The model's numerical results ar¢ vbiained through a network of
"agsignment classes” and "tour areas." Assigoment classes are arbitrary
groupings of grades, skill levels, and Air Force Specialty Codes (AFSCs).
Tour areas are collections of bases of the same type and touvr length.
Each assignment-class/tour—area pair specifies a "node™ in the network.
For example, such a pair might be: staff sergeants. }el-engine mechanices,
at skill level 5, assigned to 36-month tours in Europe. The axes in the
network represent possible assignment actions given cross-training and
assignment policies. A network flow algorithm then generates that set
of rotation and cross~training actions that meets reguirements at all
bases, insures that individuals do not stay in overseas areas becyond
specified overseas tour lengths, and minimizes the total staff in
training and assigned to all bases.

The wodel and anproach described here r~an be extended to obtain
more accurate estimates of wmilitarv manpower requirements by including
other types of managemont actiuans ow taken by the Air Force to reduce
imbalances, such as retenticn of dual AFSCs. 1Inclusion of pipeline
times would further refine estimates of requirements. The existing
model and the family of possible successors can also be used to examine
the size of the required rotation base as a function of tour lengtns

znd personnel assignment policies.
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L. INTRODUCTION

THE ROTATION BASE PROBLEM

The United States Alr Force requires personnel at locations
scattered throughout the world. Approximately one-third of the entire
force is assigned to gverscas areas, aad of this portion approximately
25 percent are assigned to remote or isolated locatilons. The
required to man this force comprise four operating skill levels in over
45 different occupational specialty fields, Requirements by specialty
and skill mix differ from one geographic area to another. For example,
more tactical armament specialists are required in overseas areas than
in the continental United States (ConlUS), while strategic missile
personnel are seldom required out of ConUS.

The tour length, or time a given airman is assigned to a glven
base, varies both by geographic area and, in practice, by specialty.
Specified tour lengths reflect the desirability of assignment in a
particular geographical region, and range from 12 months in isolated
or remote areas to 48 months (with some extensions possible) in areas
deemed to possess "acceptable patterns of American living,"*

vhile a multitude of personrel assignment policies guide and con-
strain the rotation situation, the underlying philosophy is the attempt
to share desirable and undesirable duty by rotating people back to the
United States between periods of overseas duty. At any point in time
only a portion of the people in each specialty group in ConUS c¢an be
assigned overseas. Personnel are not assigned overseas who have only
recently joined the service, who have recently changed bases in TonUS,
who are in student or '‘'controlled” tours, or who are awaiting separation.
These restrictions on overseas movement lead to an 'available' or
"eligible' fraction.

while assignment policy permits voluntary consecutive overseas
tours in a variety of cases, the central policy intent is to return

overseas personnel to reasonably long tours in ConUS. The overridiag

* . .
Overseas Duty of Military Personnel, Department of Defense,
DOD Directive 1315.7, April 6, 1963.
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goal, of course, is to meet mission requirements, and this frequeatly
necessitates modifying tour lengths, eligibility rules, and training
programs . The magnitude of the assignment effort is startling. In
fiecal 1966, approximately 300,000 assignment actions lavolving moves
occurred.

The rotatlon process described thus far leads to an aggregated
wodel, and permits a straightforward estimate of the ConUs personnel
base required to support rotation. If ConUS tour lengths are to be
about twice overseas tour leangths, about twice as many military person-
nel are required in ConUS as overseas simply to support overseas re-
quirements. ‘There are a variety of elements that complicate this
two-to-one ratio. The length of actual overseas tours is increased
if a man's dependents accompany him. Personnel moving into new as-
signments frequently require formal training prior to assignment, and
they also take leave between assignmeats. Personnel completing as-
signments in ConUS or overseas may choose to leave the Ailr Force
entirely, and are thus not available for reassigament. New personnel
enlisted to replace losses must undergo formal basic and technical
training. Furthermore, the manpower requirements by specialty and
sikill are not constant over time but vary as organizations, missions,
and weapon systems change. Finally in an effort to cope efficiently
with this continual flood of reassignment actions, the Air Force uti-
lizes cross-training extensively. That is, personnel in one specialty
who are completing an assignment overseas, but who are nut required
in that specialty in ConUS, will be reassigned to another specialty,
possibly requiring formal cross-training prior to the actual assign-
ment. In specialties where retention rates are fairly high ("loss"
rates are low), this results in a number of 'dual-qualified" personnel
who can be assigned into either of two speclalties. The existence
of such groups complicates estimation of the requiced ConlUS rotaticn
base -

The rotation process requires study because of the cost involved,
both simple transportation cost and the productivity loss thatr over
300,000 moves per year entail. Even estimates of the magaitude and

composition of the required military personnel rotation base are
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lmportant, while the results are useful in normal force planniag,
force size during the 1930-1965 era never required Justification on

the basis of supporting rotation. In 1965, however, with the initi-
ation of an 03D civillanization program to ensure that military person-~
nel were not performing fuactions that civilians could perform, the
question of basic military requirements became pertinent. A variety

of factors dictate manning by purely wmilitary personnel-~combat,
discipline, security, training, and ceremony--but among the most
important factors are the military rotation base, the military career
progression base, and the military cadre or combat expansion base.

The rotation base has already been deiined. The military career
progression base is the set of positions within the structure of “he
Air Force through which Air Force personnel must pass in order to gain
experience for other positions. For instance, a future civilianization
program could not remove all jet engine techniclan positions from the
military structure without preventing military personnel from acquiring
the experience necessary ta progress to jet engine maintenance super-
intendent.

The basic military cadre is the organizational core required to
deploy and support combat forces and to provide the training capacity
necessary to replenish those forces. Therefore the question of the
required military rotation base is a relevant one. This Memorandum

presents a model that applies to that question.

TREATMENT OF THE ROTATION SITUATION IN PRACTICE

2

Several offices of the Air Force continually ohserve and manage
the rotation situation, and adjust rotational imbalances. The Military
Personnel Center (MPC) at Randolph Air Force Base, Texas, distributes
and administers the existing militacry personnel resource in accordance
with established Air Force policies. MPC notes the overseas numerical
vrequirements and tour length for each specialty and determiaes the
staff required in ConU$ to support rotation into that specialty under
existing policies. MPC then notes the stated requirement for that
specialty in ConUS. If the rotation base required in ConlUS excceds the

authorized aumber in ConUS, the specialty is "imbalanced." From MPC




the balance calculations move to the Directorates of Personnel Training
and Education, Personnel Planning, and Manpower and Organization, in
United States Air Force Headquarters, Training estimates the numbevr of
new accessions that must enter initial technical training and cross-
training to meet the requirements in each imbalanced specialty. Pevson-
nel Plans examines and modifies personnel policy in light of the balance
data, Personnel are restricted from movement into fields with CoplS
Yoverages' and directed into fields with overseas shortages. Personnel
policies with eligibility implications are reviewed to alleviate problems
in critical areas. Finally, Maupower examines the distribution of ci~
vilian and military manpower authorizations in the imbalanced specialties,
and attempts to increase the number of civilians used overseas to reduce
rotation requirements and increase the number of military authorizations
in ConU$S to provide spaces for the rotation base. Thus manpower
author’zations, personnel policies, and training policies continually

adapt to meet Air Force requirements,

ESTIMATES OF THE ROTATION RASE REQUIREMENT

Until 1965 no precise estimator of the overall military personnel
rotation base requirement was available. The uverall two-to -one ConUS-
Overseas ratic appeared generally consisteant with personnel assignment
policies. To handle additional ConUS manpower autherizations for pipe-
iines, training, transients, and losses, the 2.33-to-1 ConUS-Overseas
ratio was frequently cited as desirable. In 1965 the Military Personnel
Center examined, by specialty class, the correlation between ConUS tour
lengths and the ratio of overseas to ConUS requirements. The obvious
axXpectation was that low ratios lead to satisfactory ConUS tour lengths.
The finding was that the time between ConUS and overseas tours varied
widely between grades in the same skill, and between the same grades
in differing skills; and for a single grade and skill, varied widely
over time. 1In an effort to compute rotation base requirements based
on a stabilized conUS tour length, Major Harry F. Kagan, Military
Personncl Center, constructed a model of the rotation process, which

could estimate thie ConUS manpower positions required to support overseas
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needs, given existing overseas assignment policies. This computation 1
includes tour lengths at different locations, numerical manpower re-
quirements by assignment class, and the eligibility of individual
personnel for overseas movement. The Kagan model essentially pictures
rotation as movement within a single AFSC group from ConlS to overseas
points, and then back to ConUS-* Kagan's model is currently used by
hoth the Military Personnel Center to provide officer imbalance data
and by Personnel Planning ro provide airman imbalance data. 1In order
to furcher refine the estimate of the required rotation base, it

became desirable to increase the number of factors considered in the
computation. The additional factor considered was the substitutability
between different specialties, perhaps through cross-training.

The rotation problem was thus pictured as a network of nodes and
directed arcs, the nodes being the various specialties required at
various geographic lc:ations, and the arcs connecting all pairs of
nodes between which assignment actions were possible, including as-
signment through cross-training. The rotation model constructed
minimizes total manpower required while meeting manpower authorizations
at all bases. It achieves this minimization by scheduling all re-
assignment and cross-training actions for personnel completing tours.

The object in constructing this initial model was to derive an
estimate of rotation base requirements that takes account of the Air
Force capability to cross-train individuals and assign them into
specialties similar to the primary specialty. Given the model de-
scribed in this Memorandum, the data at the Air Force Military Personnel

Center, and estimates of cross-training time, between specialties, it

*
& coacurrent rotation model considers more constraining person-

nel policies. It was developed by R. C. Sorznson, Logical Model
Representing Flow in the U.S. Army: Ccnsiderations Relative to Re-
duction of Turbulence, U.S. Army Personnel Research Office, Technical
Research Note 156, July 1965. Sorenson's formulation permits certain
types of consecutive overseas tours, prevents other types of con-
secutive overseas tours, aad controls the fractions cf the force which
may receive various types of assigoments. The Sorenson work resulted
in a series of nomographs which relate tour lengths in ConUS to the
fraction of the furce that can receive certain types of assignments.




is possible to estimate the rotation base for the entire Air Force or
for any subset such as the Alr Defense Command or the Maintenance
Career Area-.

The remainder of this Memorandum discusses the structure of ro-
tation models in general,* and the capabllities of the existing Kagan
and Sorenson approaches. [t then describes in more detail the Lnitial
RAND Rotation Base Model (RBM-I) and indicates some applications and
possible extensions. Appendices arve included that contaka the quaati-
tative and logical model structure, the data formats, input control
cards , output reports of the computer program, and a8 sample problem.
The RAND Corporation will supply the computer program to qualified

requestors.,

*Rotatien models may be static or dynamic; may be descriptive or
normative; may concern themselves with policy modification or may
merely reflect existing policy; may take requirements as known or
uncertain; and may be directed at many criteria.
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II. MODELS OF THE ROTATION PROCESS

The rotation process can be modeled in a variety of ways. It can
be viewed as a dynamic process Ln which requirements are assumed i
known over time, or it can be viewed as a process in equilibrium with
unchanging requirements. The dynamic approach will indicate surges,
bottlenecks in the system, and the time-phasing of personnel. But
the dynamic approach also requires a model of greater complexity, and
with this complex a problem, vsually must forego optimization in favor
of simulation or simple description.

A rotation model may reflect fixed policies and assignment con-
straints that affect personnel movements or, by modifying policy
variables, it may optimize some criterion measure such as total man-
power or total cost. Policy variables that might be considered include
the civilian-military mix by location, the extent te which cross-training
is used, the control of retention rates as a function of cost, and
the use of contractor secvices as a substitute for military personnel.

The current RAND model considers the rotation situation to be in
equilibrium, and minimizes total manpower by determining a set of
personnel cross-training actions. The policy variables of tour length,

eligibility percentage, and retention rate are included but are fixed.

THE CURRENT AIR FORCE ROTATION INDEX

As mentioned in Sec. I, the computational treatment of the
rotation base problem the Air Force now uses is the Kagan model. The
model was developed to provide rotation base indices of imbalance for
use by Headquarters USAF in the Phase I Civilianization programming;
it utilizes personnel data available at the Military Personnel Center.
Each AFSC, skill level, and grade (grouped to form an "assignment
class') are considered separately. The Kagan model assumes:

1. Assignments at overseas locations are grecuped by tour leagth.

2. Numerical manpower requirements are specified for each as-
signment class at each overseas location.

3. Consecutive overseas tours are negligible. Personnel rotate
from overseas directly back to ConlUS.

SR VS




4. Pipeline times are negligible.

5. An average eligibility factcr* 13 estimated for each as-
sigoment class. This factoer is determined by personn?l
policies and the force composition, and iacludes peading
separatlion actions, medical qualifications, deferment status,
and controlled tours.

Given these assumptions, personnel return to ConUS from the differ-
ent overseas locations at a rate that depends on the number of personnel
assigned to the location and the tour length. Replacement personnel
flow at the same rate from CoaUS to these areas. The number of person-
nel required in the assignuwent class in ConUS to support rotation
depends on this flow rate, the ConUS tour length, and the eligibility
factov.

For any fixed assigmment class,

let bj = required number of personnel in that assignment class
in some overseas location j., Assume there are M - 1
overseas tour areas,

f = tour length in location j.

fraction in the specific assiznment class whc are
eligible for overseas assignment.

X. = number of personnel assigned to location Je

Let j = 1 denote the ConUS location for the specific assigmment
class. The object of the Kagan model is to derermine Xl, the ConUS
rYequirement to support the M - 1 overseas locaticns for the specific
assignment class.

The number flowing out of each location per unit time is therefore

Xjflj. The number of consecutive overseas tours is negligible. The

number of personnel in this assigmmenc class leaving ConUS per unit

time must then be

————————— e

*The eligibility factors are determined in practice by scanning
the entire personnel data file and computirsz the fraction of ConUs-
based personnel in each assigmrent class eligible for cverseas as-
signment under existing personnel policies.

L




Each returning person must remain in ConUS for £1 time units,

and hence to support this outflow, the basic ConUS requirement is

D>

j=2

o ;.5<

Accessions, losses, and other constraints on overseas movement are

accounted for by the eligibility factor o.

move overseas, the Conl$ requirement becomes

iy
1

3

Since only the

fraction & cdn

= b the requirement at j,

) M
. 1
X T &
3=2
To wminimize this, Kagan chooses Xj
obtairing
4
1
>

i=

§°*

o

mL“V

3

which is the nusbar of individuals in the particular assignment class

in ConlUS requirza to support rotation into that class at all overseas

bases.

Finally, to account for existing ConUS requiremeats that are in-

dependent of overseas rotation base requirements, the expression for

X1 may be modified to obtain
4
- . 1
X1 = AR ( p

>4

b

=2

ML“U
[
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As an example consider three assignment classes and one gverseas location

as shown in Table 1.

Table 1

EXAMPLE OF KAGAN MODEL

Assigoment (Class

|

Variable 1 2 3
QOverseas requirement 0 8,000 110,000
Independent ConlUS requirement| 75,000 ;15,000 0
Overszas tour length (months) 24 12 12
ConUS tour length (months) 48 48 48
Eligibility facter 1 1 1

'3-#1}'{5:6. .
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Leu x; <+ number of (onlUS perscnnel in assignment class L,

Considering the clarses separately we find

X, = max (75,000, 48 523 = 75,000
xi = max (15.G00, 48 %’5’4) = 32,000
xi - max (0, 45 33%’-'9«) = 40,000

or that 147,000 military persounsl are required in ConlS,

Kagan's wmode} was designed to account for several of the policies
and constraints causing the rotational imbalances--tour lengths, mane-
power requirements by area, and eligibility factors. Personnel retention
rates are not considered by the Kagan model but do appear to signifi-
cantly affect the magnitude of the required rotation base. Inclusion
of personnel retention rates and of the simplest of the methods by
which the Air Force actually copes with rotational imbalances--reas-
signment becween specialties through cross~training--leads to the
initial RAND rotation base model.*

RAND ROTATION BASE MODEL

The Kagan model computes the ConUS rotation base requirement for
each assignment class separately snd then obtains the total Conl)8 mili-
tary personnel requirement by summing requivements in each assigmment
class. Since this procedure does nct consider substitutability, it
overstates the total military personnel regquirement induced by rotation.
Personnel can fregquently be reassigned directly inte related specialties.
Personnel can also be cross-trained and assigned from specialties re-
quired primarily in ConlS to specialties required primarily overseas.
Furthermore, aiimen who receive cross-training in a new specialty do not
lnse qualification in their former specialty, and can be reassigned in
either category.

The RAND model ignores prior training and possession of more than
one specialty qualification, and concentrates only on the economies

possible by cross-training prior to reassignment,

*

The Air Force has continued to refine models which estimate the
required rotation base. These model developments primarily involve
redefinition of the eligibility factor rather than the inclusion of
cross-training. Wwe do noil consider them further in this Memorandum,
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For each assigmment class (AFSC, skill level, and grade) and each
location, assuwe that there is a known and copstant perscnpel requirement
and a fixed tour length. A set of eligibility facrors, & , can be
estimated that is a function of assipnment policies and accession and
loss rates and that states the fraction of the personnel in Cond§ as-
sigoment class 1 who are eligible for overseas assignment. Thus (1 - ai)
of those present are ineligible for overseas assignment. Assume also
that cross-training times, tij’ can be estimated that indicate the
average time reguired to train a person in assignment class 1 into as-
signment class j. There are approximately 40 significant airman career
areas and approximately 10 overseas tour areas we must distinguish among.
By formulating the rotation base problem at this level of aggregation,
computation can be handled by existing network flow algorithms.

The introduction of cross-training and substitutability does not
affect rate of return from each overseas location, which must be at
least bifﬁi, but may allow surplus personnel in some classes to {ill re-
quirements in others., Movement of persomnel between different assigrment
classes may require that a training pipeline be filled. For example,
if F-100 jet engine mechanics can be utilized as B-52 jet engine mechanics
afrer two months of training, and 500 men per month are reassigned from
F-100's to B-52's, 1000 people are in this training pipelipne at any
point in time. The possible reduction in personnel requirements arises
from the existence of ConU$ assignment classes with nc overseas counter-
parts and overseas vequirements with no ConUS counterparts.

With the introduction of cross-training and substitutability, the
rotation problem can be viewed as flow in a network of nodes and directed
arcs., The nodes represent the various assigmment classes at the various
gecgraphic locations, and the arcs connect all pairs of nodes between
which an assignment is possible., While it initially may appear that
each node must be identified by two subscripts--an assigmment class,
and an areu--Appendix A describes how the nodes may be numbered se-
quentially. This allows reference to cach node by a single subscript
and yet permits identification of the assigmment class and location
corresponding to each pode. With the assigment-class/tour-avea pairs
remumbered to index all nodes seguentially, let Yij be the flow of person-

nel from node 1 (o node i,
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The problem described thus far is shown in Fig. 1 for three as-
signmwent classes and one overseas location. Utilizing the noration
previously developed, the rotation flow from each overseas base must be

b

i
= 7 for 1 overseas, since X

H ¥,
je Conli8 i i

z .
i bi

The object of the model is to winimize the total military person-
nel requirement. This total is composed of two elements. The first is

the number of individuals in training pipelines,
t L.
2o

ij

Assignment ciass ConUS Overseas

Fig. 1 -- Network description of example prohlem

.

The second is ¢ Xi. But for cach node, i, at least enough personnel

must be present to match total outflow, E‘yij. Thus

* L J
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and the total personnel objective function to be minimized is
f"\ 4
(2, Z L, E :y + E E PEE S U
T 3 i} T 5 ij7ii

Minimizing (2) subject to (1) and the uswal comservation of the
flow egquacions in & ne.work is easily asccomplished by several algorithms.
However, formulation of the network to insure that only ai percent of
the personnel at a ConUS node are assigned overseas requires some in-
genuity. Strandard mathematical programming formulations allow con-
strairts on variables to be stated as functions of other unknown vari-
ables. It appears natural to express the constraint that only the
fraction ¢  of the persomnel at ConUS node i can be assigned overseas

i
as

Z)". .= o X, .
T 1] i1

But constraints on flows in networks must be stated as absolute numbers.
As a first step in dealing with eligibility constraints we assume that

the fraction Qi of the pumber required at nede 1 are eligible for as-

signment overseas. 1f the number of personnel assigned to node i is
greateyr than bi’ the entire excess is assumed eligible for overseas as-
signment., The network construction which represents these conditions
is detailed in Appendix A.

Consider the example on page 9 together with the matrix of cross-

training times in Table 2,
Table 2

CROSS-TRAINING TIMES

(In Weeks)
Assignmenzqalass
Assigoment Class 1 2 3
1 0 8 4
2 16 0 4
3 4 8 0
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The requirements of the situation are shown in Fig, 2. Intuitively
one would expect to use the large supply of personnel in assigment

class 1 in Conll§ to supply the class 3 requirements overseas.

Assignment class Conlis Overseas

b, = 75, 000 b, =40

@ @

Fig. 2 -- Network of example problem with cross-training

Figure 3 shows the optimal rotation flow calculated by the Fulkerson
Out-of-Kilter Algorithm.* In this rotation pattern there are 3,796
personnel in trairing, 75,024 on duty at ConUS assigwment class 1, and
14,976 on duty at ConUS assignment class 2, a total required rotation
base of 93,796 as compared to 147,000 in the original independent ro-
tation base requirement.** While this example is admittedly extreme,
it illustrates that substitutability considerations cannot be ignored

in estimating rotation base requirements.

*
D, R. Fulkerson, An Qut-of-Kilter Method for Minimal Cost Flow

Problems, The RAND Corporation, P-1825, January 1960.

ok
Requirements are not exactly met in this example due to the

truncation that occurs in integer arithmetic.
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Fig., 3 -- Optimal rotation flow considering cross-training

ACCESSIONS AND LOSSES

The Rotation Base Model further generalizes the Kagan model by
considering the personnel retention rate. The model assumes that person-
nel can be lost to the Air Force from any assignmment class in any tour
area at a rate that is & known constant proportion of the requirement
at the location. To retain equilibrium i:. the system, new accessions
occur in sufficient quantity to meet all losses, and are drawn into
those ConUS assignment classes that lead to the minimum total personnel
requirement. That is, while losses are known once requivements are
known, the model optimizes accessions.

The inputs the model requires to account for losses are simply
average loss rates by assignment class, and the average lead time that
must transpire before a trainee is assigned to his first base as an
operational resource. 7To sece how accession and loss rates affect the
rotation base computed in Fig. 3, note the example in Fig., 4. Assume

the loss rates for all assigmment classes are 10 percent annually and
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the accession lead times for this example are 20 weeks. The loss rates

of 10 percent cause the requirement to increase by 2295 personnel.

Number of personnel lost
G524

Accession

O

Fig. 4 -- Example problem with retention considered

Note that the effect the retention rate in an AFSC has oan the
rotation base depends on fungibility and also on the geographical
balance ¢f requirements. It is always desivable to retain transfer-
able personnel; however, low retention rates are acceptable in nen-
retrainable ArSCs required overseas but surplus in ConUS. Note that
when losses are considered, personnel in ConUS assignment class 2
always arrive there after a tour in ConU$ assignment class | and a

tour in overseas assigmment class 2.

TOUR ALTERNATION POLICIES

In practice, personnel returning to ConlUS from short-tour areas
overieas are generally assigned to long-tour areas on their next over-
seas assipmment. This "tour alternation" practice is so far accounted

for only iu the eligibility ractorv.
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A paper on Army personnel assigmment policies by Sorensoﬁ* in~-
ciudes rthe variables of the Kagan wmodel and, in addition, controls
the portion of the force thar can be assigned between various areas.
The Sorevnson model handles the "alternation" constraints by increasing
the number of tour areas or states in the network description of the
rotation prucess. Assume there are two overseas areas and that as-
sigmments can be of only three types:

1., Area 1l to ConUS to either Area 1 or Area 2
2. Area 2 to ConlUS to Area 1
3. Area 2 to ConlUS to Area 2

Policy constraints can be introduced by specifying the maximum per-
centage of the force that can receive assigmments of type 1, 2, or 3.
For instance, let 8, and 83 specify the percentage of the force that

may receive assignment patterns 2 and 3. Figure 5 presents the network

description of this situation,

Fig. 5 -- Network description of controlled tours

* .
Sorenson, 0Op. cit.
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In the Sorenson paper the policy construinis are specified as
equalities and there is po wminimization ~'. ir ttiva, For various nu-
merical values of the policy parameters, other measuress of system
performance are derived.

Introducing tour aliernation constraints in the RAND model can
be accomplished by increasing the size and complexity of the rotation
network. This can be donme by splitting the ConUS tour area into M - }
tour area pairs {ConUS, Overseas tour area i), £ =2, ..., M - 1,
where it is necessary to control return assignments from any of the

M - 1 overseas tour areas into any of ¥ - 1 overseas tour areas,

Again let bi = number of personnel r _s.red in tour area 1i.
£i = tour length in location i.
Xi = number of personnel present in location i.
yij = personnel flow from location 1 to location j.

Since the number of personmel required at each location is not less
than b, , Xi 2z bi' Total flow out of each overseas location is Xi/E~
Py

i
= £,
i

s

or X, , 1 overseas, and thus
S

y
j 1)

b,
Zy. L,z : for i overseas.
3 ij Li

Arcs would then connect node i to each Conll§ “tour area,"

and these
arcs would be upper bounded by the number that could be reassigned to
overseas tour area j following an intervening ConUS tour from tour
area i. From (ConlUS, tour area i) avcs would lead only to assignments
in cverseas tour area i.

With the assumption that the number eligible for some tour is a
fraction of the number required at a node, the alternation policy con-

straints can be stated as yij s B8 The model will then minimize

. .b..
ij i
the total number of military personnel required to support the overseas
bases, and this minimization will be accomplished subject to require-
ment constraints, rotation constraints, and the tour alternation policy
constraints.

It is apparent that decomposing one state into several states, and

imposing additional constraints on personnel  low can only increase the

minimum value of the objective function. That is, making assignment

policies more restrictive creates a requirement for a larger rotation base.
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APPLICATIONS OF THE ROTATION BASE MODEL

The model described here is a tool to yield an estimare of the
rotation base requirement given tour lengths, manpower requirements,
eligibility factors, and cross-tralning times. The model can obviously
be used solely to derive this estimate. The estimate can be obtained
by dealing with all career fields of the Afr Force simultaneously or,
for finer detaill, by dealing sequentially with associated groups of
AFSCs. In the former case one would expect cross-training between
major career fields to be minimal. The decompositions treated in the
second approach would be suggested by analyzing a matrix of cross-
training times.

Parametric analyses of tour lengths, eligibility factors, nu-
merical requirements, and even rotation policy or command reorganization
are also possible with the model. If, for example, certain positions
are to be eliminated from the Air Defense Command, the Rotation Base
Model will indicate how thig will affect the rotation base and will
also indicate where the problems occur. There are two alternative
methods of meeting overseas requirements in any assignment class. One
is to retain a pool of personnel in that class in ConUS; the other is
to cross-train ConUS personnel into that class. If cross-training into
some assignment class is prohibitively long, it will be economical to

retain appropriate personnel in ConUS--even if their specialty is not

required in ConlS. This generates an 'excess'" of personnel.

There are elements concerning rotation that have not been intro-
duced in this discussion but that can easily be included explicitly in
the formulation. These elements include training school capacities,
cross-training costs, pipeline times, and introduction of tour al-
ternation policies by creating additional "states."

The Rotation Base Model is relatively fast, simple to use, and
produces self-explanatory output. Input data exist and are already
used for estimating the required rotation base. With proper undec-
standing of its assumptions and criteria, this model c¢an be helpful

in analyzing rotation policy.

ol
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Appendix A

QUARTITATIVE AND LOGICAL STRUCTURE OF THE
ROTATION BASE MODEL

The Rotation Base Model described in this Memorandum obtains more
accurate estimates by considering substitutabilicy between AFSCS.
Persomnel in one AFSC may be entered into training for assignwent to
ancther AFSC. This Appendix provides the mathematics describing this
view of the rotation process and indicates the network structure equiva-
lent to these mathematical statements.

One may wonder why it is necessary or desirable to formulsate this
problem as a network flow problem when it very obviocusly is a3 straight-
forward linear programming problem. In a rotation problem with 50 as-
signment classes and 20 tour areas, there may easily be many thousands
of variables and constraints. A problem of this size is simply not
amenable to solution and a variety of sensitivity analyses, given com-
putational equipment now available. Using the Out-of-Kilter algorithm,
however, a network flow problem consisting of several thousand arcs can
be solved rapidly. Moveover, in performing sensitivity anslyses, the
Out~of-Kilter algorithm, which is a primal-dual algorithm, can be
started with a previous optimal soluticn, thereby diminisning time re-
quired to obtain a new optimal solution.

Thus, while there are computational efficiencies te be gained from

posing the problem as flow in a network, formulating constraints requires

more care. We have already pointed out (p. 13) that in a network one vari-

able cannot be constrained as some function of another variable., More~
over, constraints on sums of flows in a network cannot be imposed

directly. In a linear programming problem a comstraint of the form

b,
;yij Zf

1

is straightforward. 1In a network, however, only constraints on indi-
vidual arc flows way be imposed. Therefore, to deal with flow on a

group of arcs emanating from some node, i, one must intrcduce an

A




artificlal node, 17, and an arc (i, i°). The group constraint may

then be written

Y44

Assume that all bases have beea aggregated inte M "tour areas” of
the same tour length and tour type, and that the tour areas are indexed
by j. Assume that K agsignment ¢lasses (groups of AFSCs, grades and
skill levels considered together)} wmay be present at each of the M teur
areas. There are then KxM assignment-class/tour-ares pairs, or nodes.
The KxM nodes can be indexed sequentially by column, i = 1, 2, ... K,
K+1, ..., KxM,

For each node, i, originating in an assignment-classftour~area
pair, (k, j), let {i] denote either the assignment class k, or the tour
area j, corresponding to node 1. The context will wmake clear which is
desired.*

ler bi = gumber of personnel required in assignment class L1
in tour area Li].

Ki = number of pergonng; assigned to assigament class f1]

in tour area Lil.

L; = srandard tour length in overseas area [il.

il o= average ConUS tour length served by personnel in
assignment class k,

2, = percentage in assigament class k eligible for overseas
assiznment.

= nuuwber of percomnal moving from node i to node j per
unit time,

t. .= time required to cross-train personnel from assignment

slaes T to o assignment olass L.

*
For example, assigmment~classftour-area pair (k, j) yvields the

node index K{j - 1) + k. Node index i yields the assigrment class i
mod K, or if i mod K = 0, then k = K. Node index i yields the location
i/Kif k =K, or 1/K + 1 if k < K.

*
Since the problem is formulated in terms of flows in a network,
Xi is an artificial construct and never actually appears during the
optimization., Following the optimfzation Xy is computed for each node i

by the relationship X; = &y & Yijo and this value is indicated in the
output reports. 3
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Using this notation, the number of Individuals {n each assignment

class must meef requirements,

.

xi & bi’ for every node i

As noted previcusly, perscunel must leave overseas tour areas and

return to ConlUS at a rate that depends on the overseas tour length;

(1) y,. ® bi/Ii for each overseas node, f{.
i¢ ConlUS

The model assumes that all training takes place in Ceall§. It
attempts to meet manpower requirements at all areas while using mini-
mum total manpower. Total manpower includes personnel in training,
personnel assigned to meet requirements, and personnel excess to ConlUs
requirements but necessary in ConlS to support the rotation flow,

If personnel are in traianing between an AFSC required overseas
and 4an AFSC required in ConlUS, the model requires that sufficient addi-
tional personnel be made available to fill the training pipeline. This
manpowey component is

T3

171
for all flows, yii' reflecting assignment against requirements.
Recall that Xi denotes the rumber of individuals assigned to an as~

signment-classf/tour-area pair, i.

z Xi, and the total personnel objection function to be minimized is

(2) Ziizyij +Zzt. y
i 3 i 3

i1y -

The second component of manpower is then

If more personnel are available at a ConlUS node than are required --
that is, only to support rotational flow -- the model allows those
individuals to be entered into training pipelines for assignments to
other AFSCs without requiring additional manpower to fill the pipelines,
The assumption 1s that since they are excess in ConlUS they can attend
school prior to completing the normal tour. The cost in this case for
a reassignment from AFSi, i in ConUS to AFSC j overseas should be

S, ot oo AT I mmj

R
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personnel; bur for simplicity we assume zi is equal to E{ and is always

i

2 2,
max {ii’ t , where R the average Conl3 tour length for excess
greater than tij' It is this less~costly substitutability of some
claszseg of excess peiscunel in ConlS$ thar makes manpower economies
possible within this model and within the Air Force,
In a network problem, fiow constraints may not be imposed on guus
or groups of flows, but only on individual flows, The constraint (1}
is treated by creating an "artificial" nede, 17, and imposing the con-
straint
o2 b R .
¥ii° i’y

The "cost," £ is imposed on the arc (i, 1”), thereby indicating that

il
when bifﬂi perscnnel leave node i each period, the number of personnel

present at node 1 to support their flow is

i bi/ii = bi,

thus meeting requirements.

In dealing with ConUS nodes, three conditicns arise. Flow overseas
is restricted by the eligibility of the AFSC group for rotation; ConlS
requirements in the AFSC must be met; and if excess personnel are present,
they must be made available for training at reduced manpower cost.

Figure 6 indicates the treatwment of ConlUS nodes for these condi-
tions. To insure that requirements at ConUS nodes are met, an avtifi-
cial node i~ is constructed for each ConlUS node j, and a lower bound of
bj/i§ is placed on the arc (j, j'). This insures that bj people are
present al j.

The iower bound
1
{1 - o )b /4
J) 3 3

on the arc (j', i) insures that of the personnel required at j, no more
than the eligible fraction, &j - bj/ij, are assigned overseas.

1f overseas requirements dictate that this ConUS assigmment cla ss,
j, just supply more personnel each time period than o, - bj/ij, person-

nel in excess of hj must be assigned at node j. This is accomplished
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J To overseas

From overseos

124
7 F
SN Additional personnel required
to support rofgtion

e T2 overiass

l'_,- = overage tour length of required personnel in ConliS essignment clas
correspending to node §

A5 = lower bound on personnel flow, 0 unless stoted
ub = upper bound on personnel flow, & unless stated
< = cost, O unless stored

bj = requirements of node

a; = percentage eligible to rotote overseds in assignment closs corresponding
to node i

Fig., 6 -- Network treatment of flow at ConlUS nodes

by creating the artificial node j°° which becomes a source of additional

persomnmel, and upper bounding the arc {177, j) by the requirement,

bjfi§. In effect the additional personnel assigned to node j are then

assumed to be completely eligible for overseas assigmment, That is,

[+ 4

%

aﬂk for bk personnel, and

e

1 for Xk - bk personnel,

Flow from node j to node k requires that a smnpower pipeline of

length t, be filled., Thus, every arc (j , k) has the cost t . The
ix 1 ik

arc (j, j') has the cost £, indicating that to obtain cone man per time
unit through nede j, one mﬁst keep Z§ men at the node. Note that when-
ever [jk > 0 the model will fiod {t less costly in manpower to fill a
requirement at node k from node 377, (¢ = E§) than from node i,
{c = Ej + ij). The cconomy may arise if Q; . hj/ij' the available
resource 4t §, is sufficient to meet rvquir;mvnlg at overseas nodes

corresponding to assignment class [37)
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Personnel retention is considered by assumin. that a constant
percentage of the manpower required ar a base, bj’ is continuously lost
te the Air Force. let Aj be the loss rate of perscanel at all bases

in assignment class j. The magaitude of the loss from each node is

thea X .- b The artificial node, 3° , associated with each overseas
<

node then gas an arg conngcted to a “loss” node, and flow on this loss
are is lower bounded by kj'bj' Losses at ConllS nodes wmay occur from
either j°° or 3 persomnel; therefore, each ConUS mode j has associated
with it a third node, j °°, with an arc (37, j°°7) accounting for the
loss of required persomnel and an arc (j", j"') accounting for the
loss of excess personnel. The arc connecting 3777 to the loss node is
lower bounded by xj-bj. To allow accessions to balance the system,
the loss node is connected to the accession node, and arcs connect the
accession node to those ConUS assignment classes to which new personnel
may be assigned, Since time is required for a new accession to become
qualified for a ConUS assignment, the arcs comnnecting the accession
node and ConUS nodes carcy costs that are the training lead times for
the particular AFSC and skill level, This treatment of losses is
indicated in Fig. 7.

ConlS nodes
€ o=ty X £s = N5,

aesena suets ks tine sasRie

from accession To loss
—I-—-
Overseas nodes Y,
b - :
A,
e e i e R tesesenversssnsvesvennscreas s as i
from accession To loss

Fig. 7 -- Treatment of retention in one network
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The simple conceptual network (Fig. 3) describing the rotation
process becomes quite cumbersome in practice. Since assignment arcs
are permitted whénever reassignment actions dre possible, the number
of arcs can proliferate furiously, and might casily overload the capac-
ity of existing computers. To control thig situvation the model parmits
reassignment actions (arcs) only when ti' £ T, where T is an upper
bound on crusg-training time specified by the user. Thus in a fairly
complex analysis, T might be set at 10 weeks rather than 30 werks to
control the number of cross-training possibiliries, and hence the
number of arcs.

Once the network is formulated the model utilizes the Fulkerson
Out-of-Kilter algorithm to determine the minimum manpower required.*

The conceptual rotation network has been described. The actual
program implementing the Rotation Base Model consists of three parts,
The first portion accepts data inputs by assignment class and base,
aggregates to tour areas, and creates the network of nodes and arcs.
Given the basic input data the program first distinguishes between
ConlUS and overseas bases. It then creates tour areas by aggrepating
personnel requirements by assigmnment class at all bases of the same
tour length and type. The assignment-class/tour-area pair becomes a
node, while the aggregated perscnnel requirements, the tour length,
and the loss rate determine the number of individuals who must rotate
out of the node each month, By considering a matrix of cross irainivcg
times, the program detemmines those assignmenf-classf/tour-area combina-
tions between which rotation is possible, and constructs all necessu.
arcs. The second portion uses the Out-of-Kilter algorithm to compute
optimal personnel flow. The third portion is a report generator that
produces requested manpower reports,

The program is writ:en in FORTRAN I\ and has been used on the
RAND 7040/7044 system, It is currently dimensioned to handle 50 as-
signment classes and 20 tour areas, but this is arbitrary. The primary
constraint on problem size is the number of possible arcs. The 32,000-
word memory of the IBM 7044 will only permit consideration of about
2500 arcs.

*
Fulkerson, op. cit.
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Appendix 3

INPUT DATA, OUTPUT REPORTS, AND PROGRAM CONTROL

The Rotation Base Model requires four sets of data: manpower
requirements, eligibility/availability factors, cross-training infor-

wation, and loss rates and accession lead times.

MARPOWER REQUIREMENT DATA

The manpower requirement data identify the base (o1 tour area)
name, tour Jength, tour type (used to distipguish vetween tour areas
of the same length), AFSC designation, AFSC group, or name of the
2ssigmreant class, and the personnel required in that assignment class
in that tour area.

Data of this type are shown in Table 3, Appendix C. The input

format for requirement data is shown iu Fig 8.

ELIGIRILITY/AVAILABILITY FACTORS

Not everyone in a ConUS assigrument cliass can be rortated overseas.
Personnel in student status, pending separations, corntrolled tours,
recent additions, and other categories cannot be utilized. For each
assignment class, the eligibility/availability factors state the
aver~ge percentage of the ConUS based class that can be assigned
oversecas. A tour length estimate for this class is also requived.
This estimate is denoted the effective tour length, and is the average
number of wonths this class spends in ConUS prior to the next vverseas
tour.

Table 4, Appendix C, shows a list of eligibility facturs and
effective tour lengths [he input lormat for this dara is containced

in Fig. 9.

CROSS~-TRAINING DATA

The Rotation Base Model permits assignment of persconnel between
¢lasses whenevey this is al owed by cross-training This data input
is the time, in weeks, required to train an Airman irom one class to

by
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Each base card is followed by its assignment class requirements cards,

Base card

Tour{....
type

Base Name

AT
01:02103:104/05106

Assignment class requirements cards

hPositive} s
number
if base

Assignment class Number of

name personnel is in
required ConlUs
AT I3

Lh

TH02i030410510510 08109 1011112013114 151811711 BIve 30l 211220 23]2412

70110

Fig. 8 -- HManpower requiremenc data by base and assignment class

Percentage | {Effective Coni's
in ConUS [ }rour tength, in
available | fmonths, for

Assignment class

designator or averscas [ personnel
assignment} - {required
-+ in this
AT £, S L e L
01102103{04105/06;07} 11:12(13 2127198 3212
1 . " RS R SR
25710, gm
I SRt DU S DU U B P SV

Fig. 9 -- Eligibility factors for overseas assignments and
effective tour lengths by assipnmwent class
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& matrix of cross-training times is shown in Table &, Appendix C

s

C
The input format for this training data appears in ¥Fig. 10.

10SS RATES AND ACCESSION LEAD TIMES

The model assumes that personnel in each assignment class at each
location continually leave the Air Force to return teo civilian life.
Assumed also is that this loss rate may differ between assignment

classes, but is consrant within an assignmant class across bases, and

represents the annual fraction of the total classg iost to the Air Force.

Losses are compensated for by new accessions. The accessions are
assigned only to ConlUS locations and only after an appropriate lead
time. Thus, each assignment class calls for a lead time, in weeks,
that reflects all actions required to bring a recruit up to operational
status in the assignment. Figure 11 represencs the input format for
these data.

All program input data can be printed out in report form. These
reports contain data already described and are listed below.

1. Manpower requirements by tour area and assignment class.

2. Cross-training times.

3. Eligibility facters and effective tour lengths by assignment
class.

4. Loss rates and accession lead times by assignment class.
There are also reports describing the number, type, and location of
personnel in the system after a solution has been obtained.

S. Total number of personnel in each assignment class assigned
to cach tour area. Personnel in ConlUS who are required in

that assignment class only to support rotation are shown as
excess.

6. Monthly assignments of personnel from each ConUS assignment
class to all assignment classes and tour areas. One report
is printed for each assignment class with personnel assigned

to ConUS. Movements of required and excess personnel are
indicated separately.

Monthly assignments of personnel to each ConUS assignment
class from all assignment classes and tour areas. OCne report

is printed for each assignuent class with personnel assigned
to ConUS.

8. Monthly personnel losses by assignment class and tour area.

e

e vt i A A
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Personnel can te Personne] can be {Cros-uaining} Persosnel can be |Cross-wraining , i
traincd from this §°°§ wained into this time, wained into this time, E H
asgignment class 4 amignment clas in weeks assigmment class tn weeks i i
. : +
H 1
AT " A7 15 AT 15 ; :
IO i
01102]03[04105]06107)p8R09 1011112113 [ 141151161171 186119/ 20§21 122123124125126 | 2/128 291301311323 —ae} 45~ 30,
B e oI
2517110 | [{23¢41 0 | |ojo0jo8]33313]3)X| JojolooH . i

Fig. 10 -- Cross-training data

Assignment class Annual Lead time in
designator loss rate [ |weeks for new
=} accessicns
a7 A rez FH 15
01,02103:04105106 07kaslosiio(y 1i12]i3] alis e 7 I8
1 Y T Y - .
; LB o '
25710 | {0 {1 o H{

Fig. 11 -- Input format for accessions and losses
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9. Monthly input of new accessions by assignment class.

10. Detailed description of the entire rotation network.
These ten reports can be selected through the report contxol card shown
in Fig. 12. The program prints out several other self-explanatory
reports when necessary.

Certain control data the model requires must alse be supplied.
These data are described below. The input format fer this data is
shown in Fig. 13.

1. The FORTRAN input unit from which manpower requirement data
are to pe read,

2. The FORTRAN input unit from which cross-training data are to
be read.

3. The system utility {tape or disc) unit that can be used for
temporary storage during program execution.

4, The FORTRAN output unit on which the network description can
be saved, if desired.

5. A decision variable that determines whether accession and
loss data are to be introduced and used in the rotation
situation.

6. Within the model assignment possibilities are introduced
whenever cross-training makes this possible. Reassignment
will not be allowed if the required cross-training time ig
above some upper bound. This upper bound, in weeks, must
be stated.

The input data may also include a title card containing any 72
characters of alphabetic and numeric information in Cols. 1 to 72.
Arrangement of the input data sections is shown in Fig. l4. Each

section must be completed by a card with "END" in Cols. 1 to 3.

class mni class class tour dfca averseas { o Cont'S | tour area class

Manpower Cross= Eisgibility JLoss rates YJAssignment]  Mondidy persoonct Monthly Monthly Detatled | ’

requisemts] amng  flactors and| sccession pf personne asgnmens puersunne] mput of  Jdegeription o

by tour arvaj  timcs effvettne lead umes by lotses by | arcessions | of the fo

and tuur lenytlig by ASgipnment trom From assipnanent by rotation <

assignment by assign- fassgnmient] class and | ContS o | overscas | class and assignment| newwork | o
o

01 02 03 04 05 06 07 08 09 10

plr el

Fig. 12 -- Report control card
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FORTRAN input umit

=17 if
accession &
loss daia is
w be used

on ailowed

time.

in weeks

[z

Forreading 3 For reading ¥ For storing  JFor ourput of
bawe data fJorom-trainingg temporary § intenmediate
dana data network data
iz 12 iz 12
— —
01102}103|04]05]06
A ity
oi5|o|s|! |4

11

Uppet bound § ’

cros-ualningf.

Z

Fig. 13 -- Model control card

l END

i

2

FF sracuneats

lAcassr(JN AND LOSS DATA

? END

Fa
s

P s

[ ELIGIBILITY PERCENTAGES

| enp

=

o

P

Fa

l TRAINING DATA

[ EnD

A

s

s

[ MANPOWER REQUIREMENTS

1 REPORT CONTROL

l MODEL CONTROL

TITLE CARD

Fig. 14 -- Input data arrangement
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Appendix C

AN ILLUSTRATIVE ROTATION PROBLEM

The following hypothetical rotarion problem i{llustrates the use
of the Rotation Base Model. Assume that each of the AFSC groups listed
constitutes an assignment class, and that geographical manpower re-

quirements are given by Table 1.

Table 3

GEOGRAPHICAL MANPOWER REQUIREMENTS

Pacific SEA USAFE Misc
AFSC JiConUS |(24-mo tour) | {(13-mo tour) (24~-mo tour) | (24-mo tour)
206X0 § 7000
605X0 9500
645X0 3500 2000
64740 5500
303X0 7000 1500 1000 250 100
304X0 4000 100 2500 150 235
702X0 4000 200 300 500 750
291X0 100 1500 750
202X0 1000 1000 1C0
461X0 500 6500 200 500

ConllS tour lengths and overseas eligibility factors for each

assignment class are shown in Table 4.

Table &4

TOUR LENGTH AND ELIGIBILITY FACTORS FOR CONUS PERSONNEL

ConUs Percentage Eligible
Tour Length For Overseas
AFSC (Months) Assignment
206X0 30 : 0.65
605X0 30 ’ 0.70
645X0 30 i 0.65
647X0 30 ; 0.65
303X0 22 i 0.315
304X0 22 ; 0.40
702X0 22 | 0.70
291X0 22 | 0.40
202x0 22 ' 0.50
461X0 22 | 0.35
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Assume that no cross-training or assignment between AFSC group#
is permitted and that no personnel are lost to the system--retention
rates are 100 percent in all AFSCs., Table 5 shows the minimum number
of persomnel required in this situation by AFSC and location. The
total personnel required is B8,323, of which 20,460 are excess to

ConlS requirements but needed to support rotation.

Table 5

PERSONNEL AT EACH ASSIGNMENT CLASS/TOUR AREA

Tour Area
AFSC ConllS Pacific SEA USAFE | Misc, | Total
206X0 7,020 7,020
605X0 9,480 9,480
645X0 4,680a 4,680
1,170
647X0 5,580 5,580
303X0 8,096 1,560 15,041 312 964 11,078
304X0 6,380a 96 2,535 216 31214 10,397
858
702X0 4,004 216 338 528 840 5,926
291X0 96 1,521 B4O 5,889
3,432%
202X0 a 1,032 1,014 96 4,892
2,750
461X0 a 528 6,591 216 5281 20,183
12,320
Total } 65,770 3,528 15,0411 2,208 | 1,776 88,323

a .
Excess to ConUS requirement,

CROSS-TRAINING

If cross-training and assignment between AFSCs are permitred,
the total number of personnel required should be reduced. Assume
cross-training times are given by Table 6 and that all other data
remain the same. Table 7 shows the resulting optimal assignment of
personnel. In addition to the 79,350 persconnel assigned to bases,
1,655 are in training pipelines. This yields a total requirement of

81,005 personnel, compared with 88,323 with no cross-training.
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Tablie 6

CROSS-TRAINTNG TIMES IN WEEKS

From/To 206X0 | 505X0 665%0 1 647%0 | 303%0 | 306x0 | 702%0 | 291%0 | 202%0 | 461%0
206X0 0 4 20
605X0 0 4 12
645X0 4 0 12 4 12
647X0 4 0 0 4 12
303X0 12 U 0 4 6 10 4
04X0 & 12 0 0 4 6 10 4
702X0 10 4 4 12 0 4 4 8
291X0 4 4 12 12 4 0 10 12
202%0 6 4 6 G
461X0 4 12 12 4 0

The personnel movements between all tour

cumbersome to depict in a diagram,

areas and AFSCs are

The model provides a separate

report of the total pumber moving from each ConUS AFSC to all AFSCs

in all tour areas, and from all overseas tour ateas and AFSCs returning
to each ConlUS§ AFSC.

Table 7

PERSONNEL AT EACH ASSIGNMENT- CLASS/TOUR-AREA
WHEN CRC35-TRAINING IS ALLOWED

Tour Area
AFSC |i ConlS Pacific} SEA | USAFE | Misc. | Total
206X0 7,020 7,020
605X0 9,480 9,480
645X0 3,510 2,028 5,539
647X0 5,580 5,580
303X0 J| 11,242 1,560 1,014 312 96; 1%, 308
84 :
304X0 4,004 96 2,535 216 312 7,763
702X0 4,004 | 216 338 528 840 5,926
291X0 a% 96 | 1,521 840 3,264
307
202X0 1,032 1,014 96 2,142
461X0 d’ 528 6,591 216 528 | 18,929
11,066 ‘ s
Total || 56,797 3,528 [15,041] 2,208 1,776 | 79,350

a . .
Excess to ConlS requirements.

il e e




-37-

ACCESSIONS AND 1OSSES

Asgume that in addivion to the situation considered thusg far we
recognize personnel are lost to the Alr Force according to the loss
schedule {n Table 8, and that lead times for new accessions are as

shown in that table.

Table 8

1085 RATES, LEAD TIMES FOR NEU ACCESSIONS

Annual Lead Times
AFSC iloss Rate (Weeks)
206X0 C.50 1G
603X0] 0,50 18
645X0 G,50 i2
647X0¢ 0,50 10
303x0 0,50 11
304X0¢ 0,50 9
702%07 6,50 9
291X0 0.50 10
202%0 8.50 10
461X0 0.50 11

One would intuitively expect the total number the system requires
to increase as the loss rates increase, This is in fact the case.
Table 9 indicates that 78,885 personnel are assigned at all bases, plus
7530 personnel in training pipelines, yielding a total requivement of
86,415 compared to 81,005 in the previous case,which did not consider
losses.

The iatroduction of accessions and losses ralses interesting points,
Note that loss rates of 50 percent in all AFSCs increase the total man-
power rvequirement by only & percent, and that the number of personnel
assigned to ConUS AFSCs actually decreases. Table 10 explains this
decrease in ConlS assignees by iadicating cthat persoanel losses in
ConUS occur from the excess. In this extreme example it is possible
to man the ConUS requirements with new enlistees in only 9 o 12 weeks.
The model, therefore, finds it optimal to bring in new personnel for
ConUS assignments, reassign them overscas, roturn them to ConUS and

discharge them,
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Table 9

PERSORNEL AT EACH ASSIGNMENT-CLASS/TOUR-AREA
WHER ACCESSIONS ARD LOSSES ARE CONSIDERED

Tour Arca

AFSC ConliS Pacific SEA USAFE {Misc, | Total

206X0 7,020 7,020

805K0 9,480 9,480

645X0 3,510 2,028 5,538

64750 S 380 5,580

303X0 7,062 1,560 1,014 312 96 | 10,044

304X0 6,3803 96 2,535 216 312 122,289
12,750

70240 4,004 216 338 528 840 5,926

291X0 96 1,521 B840 2,457

202X0 a 1,032 1,014 9% 2,688
546

461X0 528 6,391 218 528 7,863

Total jj 56,332 3,528 15,041 2,208 1,776 | 78,885

3% . .
Excess to ConlS requirements

Table

10

MONTHLY LOSSES BY AFSC AND TOUR AREA

Tour Arca
AFSC [ ConUS® | Pacific | SEA | USAFE! Misc.
206%0) 290
605X0 )l 394
645X0 ] 143 [ 82
647X0Y1 225 |
303X0{ 290 61 | 39 9
304XGf 165 104 4 9
792X014 165 5 9 17 30
291X0 61 30
202X0 39 39
461X0 17 269 4 17

a . . ;
All losses in this column are Jdue to
eXLEss pvr:sonnul.




The pattern of new zccessions is shown in Table 1L1.

Table 11
ACCESSION OF NEW PERSOMNEL
AT SC No. /Month

2060 .......... ... 446
15165 : ¢ J
645K0 ... ..., 152
647X0 ... ... ... 347
30350 ............. 351
304X0 ...l onl.. 949
JO2X0 ...iea.. 278
291X0 ... a el
202X0 o iiiin .
461XK0D L.

Figures 15a, 13b, and 13¢ suggest how optimal personnel movements
change as additional factors are included. Figure 15a indicates AFSC
groups 303X0 and 304X0, and movements between the five tour areas.
Figure 153b shows the personnel flow in those AFSCs and arcas when cross-
training is permitted but accessions and losses are not. Notice that
ConlS AFSC 303X0 supplies much of the ovirseas requirement for overseas
AFSC 304X0.

Figure 15¢ indicates personnel movements out of ConUS when acces-
sions and losses arc considered. For clarity, losses are cnly indicated
from the miscellaneous tour arca. In reality they occur in all areas,
While return flows to <conlUS are omitted from Fig, 15¢, the repurts
Indicate that there is ne personnel movement from overscas back to
ConlUS AFSC 304X0. Thus the picture that ewerges is one of 9539 now
vnlistees per month moving into traluning for ConUS AFSC 304XG.  In
this example training requires only 9 weelbs, Following o 22-month
tour in ConllS, AFSC 304X0 personnel are redassigied to other AFSUs
everseds since the cress-training table indicates This type obf re-
assigument is possible in a number of cases. Rather than reassipgning
overseds personnel to Conl's 304X0 (unncceessary beodusc of reidativedy
low ConlsS requirements and almast rmpossible because of vross-training),

the model discharges this stream of pevsoninel,
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