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PREFACE

This report was prepared as part of Rand’s DoD Traii~ing and Manpower
Management Program , sponsored by the Human Resources Research Office of the
Defense Advanced Research Projects Agency (ARPA ) . With manpower issues as-
suming an ever greater importance in defense planning and budgeting, the purpose
of this research program is to develop broad strategies and specific solutions for
dealing with present and future military manpower problems. This includes the
development of new research methodologies for examining broad classes of man-
power problems, as well as specific problem-oriented research. In addition to pro-
viding analysis of current and future manpower issues, it is hoped that this re-
search program will contribute to a better general understanding of the manpower
problems confronting the Department of Defense.

This report reviews the state of the art in DoD manpower modeling and ana-
lyzes the main contributions of models, present and future, to efficient high-level
policymaking and decisionmaking.

The research began in the spring of 1974 and was completed early in 1976.
Because manpower modeling is undergoing continual development , the most re-
cent model variations may therefore have been unavoidably omitted. The broader
conclusions drawn by the authors concerning the adequacy and future of the
science of manpower modeling within the Department of Defense should , however ,
remain unchanged.

Because of the length of this report , nonspecialist readers may wish to confine
their attention to Chap. 1, “Introduction ,” and Chap. 4 , “Recommendations and
Conclusions. ”

Research for and authorship of this report were allocated in the following
manner: As project leader , Gary Nelson coordinated and supervised the research
effort; David Jaquette wrote the material on optimization models; and Roberta
Smith wrote the mateiial on nonoptimization models.
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SUMMARY

SUMMARY

The field of manpower and personnel administration has changed radically in
the past decade. With the introduction of the All-Volunteer Force in 1972 and the
general increase in pay, particularly first-term pay, the DoD has attached major
importance to achieving efficiency in manpower management. The services have
recognized the great promise of computer modeling for manpower control and
planning; a t~ompendium compiled by the Navy lists over 200 models, both large and
small , that the services have developed for that purpose. This report examines 26
of those models in detail , following a review of the state of the art.

Useful though some of these models have been , most of them were developed
sporadically, in isolation , to answer immediate and often narrow practical needs.
The result has been an ad hoc, uneven , piecemeal approach to manpower modeling.
That approach has been unavoidable, however , because no true science of rnanpow-
er modeling has yet been developed to offer theoretical guidance.

A further penalty of fragmentation is the lack of coordination between models
and the use of their results, a situation that can sow confusion among policymakers
and even cause them to work against each other unknowingly. For example , if
separate models are used to determine policies on promotion , retention , and acces-
sions, the results may well be inconsistent with objectives for the whole force. The
unification of approach , enlargement of policy areas, and development of scientific
manpower modeling are prerequisite to rational and efficient use of models in
hi gh-level policymaking and decisionmaking.

This report is a first step toward those objectives. Rather than retrace the
ground already covered by the Navy ’s exhaustive technical survey, the authors
looked for models that hold promise for promoting efficient large-scale manage-
ment and that illustrate the basic methodological and policy issues in manpower
modeling. The eventual selection of 26 models resulted fro m consultation with
modelers and personnel planners at Rand , the services and their contractors , and
groups in the Office of the Secretary of Defense. Because the field is still innovative ,
continually producing new models, our selection was necessarily limited to models
existing in various stages of development and application by 1975.

This study has four research objectives:

• To summarize the state of the art in manpower modeling and its current
use in the DoD;

• To show how manpower models can make major contributions to efficien-
cy in national defense, particularly through policies on training, retention.
grade management , and compensation;

• To suggest how specific models may be applied most effectively to military
manpower problems; and

• To suggest directions for the further development and refinement of exist-
ing models.

The 26 models selected fall into two main classes: optimization and nonoptimi-
zation , both of which have their appropriate uses. Optimization models are de-4,
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signed to select the optimal value for a decision variable. They are programmed to
accommodate policy changes and , for given performance criteria , to produce the
best decision. If the planner fully understands the assumptions and limitations of
the defined optimizing environment , he can use the models ’ results with assurance.
Nonoptimization models only simulate the decisionmaking system and its results;
they contain no built-in method for pointing to the best solution for a problem in
policy analysis. In short , they are trial-and-error models.

Nonoptirnization models serve in an ongoing heuristic process that acts as a
surrogate for experience , enabling planners to test and evaluate decisions before
they are imp lemented. For example , these simulations can output details on how
a decision will affect critical points in the promotion and grade managemenc sys-
tem; the planner thereby can study peculiarities of the workings of the system
without being concerned over good or bad effects. These models may be heavily
dependent on a single type of data , however , such as loss rates, that predominantly
drive the system—one of the limitations of this class of models that should be kept
in mind in manpower management applications.

This report anal yzes the capabilities of nonoptimization models in terms of
their shared characteristics , stated as dichotomies: predictive versus ideal , entity
versus aggregate, actual inventory versus derived distribution , deterministic ver-
sus stochastic. These concepts are used to explicate the state of the art in nonoptimi-
zation steady-state and dynamic models.

Because they are unique , the optimization models are analyzed individually
here. They exhibit a wide range of assumptions , techniques, quality, and practical-
ity. For example , goal programming achieves a balance of wei ghted deviations
from the exact satisfaction of constraints. Although this technique has a certain

F practi cal si mplicity, its limitations curtail application to concepts of large-scale
efficiency.

Operational constraints from the practical decision environment limit the use-
fulness of all optimization techniques for achieving efficiency in large-scale p lan-
ning. It is important that model builder s and users evaluate the cost and efficiency
penalty paid for strict adherence to operational constraints. Frequently, no feasible
policy, let alone an optimal one, will be found that satisfies all constraints placed
on the system. This problem could be partiall y solved by allowing operational
constraints to vary along with other input parameters; the optimization models
should then have a facility for sensitivity analysis of the ways in which large-scale
policies would affect the varying operat ional constraints and input parameters.

This studv s analysis found recurrent deficiencies in both optimization and
nonoptimization models. Behavioral relationsh i ps were inadequatel y specified. Im.
port ant feedback links were often i gnored: factors such as histor ical retention .
known to depend on policies affecting promotion and grade management , were not
made functions of those policies in either type of model. Lack of validation . misuse
of cost modeling , use of improper objectives or performance measures , an unneces-
sarily myop ic vi ew of poten tia l po li cy paramete rs, extensions of models beyond the
area of valid implementation , and inadequate and mi sleading documentation were
all encountered.

It is hoped that this study wifl be a hel pful guide to the users of models— -
managers and decisionmakers—throu gh the maze of manpower modelin g terms .
l imitat ions . and practical pitfalls. The findings should also be usefu l to model build -
ers . designers , and programmers in a pr e seripti v i sense . Above all . t hey should 
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clearly understand , and their models should accurately reflect , the decentralized
military decisionmaking environment the models are intended to serve. All as-
sumptions must be made explicit and must be justified. Such models will be flexible
and versatile , endowed with transferability and adaptability that will enable their
integration within the decisionmaking hierarchy when changes are to be made
through the institution of new policies, parameters, or constraints from higher
authority.

In summary, the science of manpower modeling and its contribution to efficien-
cv in large-scale planning will develop and improve if model builders follow these
fundamental guidelines:

• Describe the decisionmaking hierarchy and the subsystem where decen-
tralized decisionmaking is to be improved.

• Make assumptions explicit regarding the following elements, and justify
them as appropriLte in the modeled environment:

— Productivity measures of military effectiveness;
— Requirements and constraints;
— Supply of manpower;
— Costing methodology;
— Management objectives.
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Chapter 1

INTRODUCT I ON

Radical changes in the past two decades have rendered the field of manpower
and personnel administration increasingly techni cal and comp lex. One consequence
has been t he growing dependence of administrators , p lanner s . an d ot h er decision-
makers , particularl y in the Department of Defense , on mat hematical models of
manpo wer and p er so nnel systems. With in  the past ten ea rs the mil i tary services
and the Office of the Secretary of Defense (OSD) have developed models to assist
in gra de management , in the determination of promotion policies , in forecasting
losses from the active force and requirements for new accessions, an d in scheduling
personne l inputs to t ra in ing  courses.

This modeling work has developed in parallel with high-speed di gita l comput-
ers. It is a natural extension of new capabilities in data processing. re fl ected in t he
computerization of mil i tar y personnel data. Automatic procedures , often encap-
sulated in the form of mathematical models , have replaced what  previousl y were
clerical human functions. Because new computer capabilities have also greatly
w idened the opportunities for control and p lanning, man power and personne l
modeling has undertaken functions not previously performed wi th in  DoD.

Some of the more innovative developments in manpower modeling, particu-
larl y in models that  seek to determine the ‘best l optima l)  policies , have emp l oyed
analyt ica l  techniques borrowed from operations research and to a lesser extent
from mathemat ica l  economics. The precepts of resource analy sis  have been app lied
in an efThrt to achieve “efficiency ” in manpower and personnel management .  Mat  Ii-

emat i ca l too ls an d tec h ni ques developed during the postwar era have been success-
full y applied to this kind of po licy analy sis.

Recent developments in mi l i ta ry  manpower have hig hli ghted the importance
of enhancing managerial  efficiency in mi l i t a ry  force planning.  Manpower costs as
a proportion of the DoD budget rose 1 roni 27.7 percent in 1964 to 30.3 percent in
1974 . creating concern in t h e services , the Defense communi ty  as a whole , t he
Execut ive branch and the Congress. Al thoug h most of the  cost increase is a t t r ibuta-
ble to general economic factors , part of it is due to the  Al l -Volun tee r  Force (AVF ) .
which  officiall y began July 1. l9 7 3 . but w h i c h  has been in progress since the f’orma-
tion of ’t he President s Commission in 1969. M ore important  than  cost , the AVF has
eliminated a guaranteed supply of personnel through the  Selective Service S st eni .
The uncer ta in t y  of enl is tments  under  the  AVF ’ p laces a p remium on careful p lan-
n ing and good manpower management  . The :\ V F w i l l  cert aw l  require a f’ul Icr
integration of’ loss and accession m a n a g em e n t .  Manpow er  mana gement  has been
made all the  more d i f f i cu l t  b~’ th t  d i s r u p t i v e  t t Iects of’ t h e  Southeast  . \sia conf l ic t
on retention rates .

POLICYMAKING ANt) MANPOWER MODEI~~
.\ It hough severa l hundred comput er-or iented manpower ii ri d personnel models

have been identified wit  hi t i  t he  l)ol) . man power model ing  is not a uni  tied t i e ld wi t  ii 
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a common methodology. Most manpower models have been developed to solve
specific problems ~r to meet specific needs for projections . This piecemeal develop-
ment has not been governed by a true science of manpower modeling with a
methodology based on accepted axioms of model construction.

On a more heuristic level , DoD manpower and personnel modeling is often a
pragmatic exerc ise, closely linked to data ~jurces and data processing efforts ,
w here behavioral and mathematical assumptions are seldom explicitly stated. Un-
derl ying the many nonoptimization models is an implicit assumption , rarely tested
formally, that good or evea optimal resul~.s will somehow eme’~ e.

Most models are developed to solve specific problems within a narrow focus of
policy. For example , separate models may be used to determine promotion policy
or reten ti on objecti ves or accessions, with little coordination among the policy
areas. At a minimum , models used in formulating policies should produce results
consistent with the objectives for efficient management of the whole force; and the
management of subsystems (grade structure , for example) must conform to overall
defense objectives. But it is very difficult for the model builder to insure ti ~t such
conditions are met.

More systematic and more comprehensive manpower models are i- ~eded to
cope with chronic planning problems such as personnel costing, the stru cture of
military specialties , and the integration of losses and accessions under the AVF .
The hundreds of existing models were not designed with comprehensive pla~ining
in mind; still worse, the models tend to be short-lived. The~ often simply die when
their authors are transferred , and thus lose even their limited usefulness. This has
severely limited the effectiveness of manpower modeling in the DoD.

THE NEED FOR A REVIEW OF MANPOWER MODELS

Given the state of the art, it seems an appropriate time to undertake both a
descriptive and an analytical review of manpower models, and thereby evaluate
the capability of the field to meet DoD planning needs now and over the next
decade. In our judg m ent , the quality of the research to date has been only intermit-
tently good. Because critically reviewing all of the hundreds of manpower models
would be a task both huge and unnecessary, we have confined our attention to a
representative sampling.

Our review attempts to identify the most important issues and problem areas
for manpower and personnel management that can be addressed with models. One
of the most important areas has to do with long-term coiniderations of manpower
and personnel policy. Management must be studied in a long-term context because
the military is essentially a closed system that obtains trained , experienced person-
nel only from within. In such a system , changes in manpower or personnel policy
have their strongest effects in the long term. Although the short-term effects of the
AVF have highlighted the need to replace the accessions produced by the draft , the
long-term adjustments in career force management may be more important. In the
long term the DoD will have to adjust to trends in civilian wage rates, to secular
trends in attitudes toward military service among young men and women , and to
the significant decline in the size of age cohorts coming to the enlistment point
during the 1980s. 
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Accordingly, we look principally at models that can be used to explore policies
related to efficient force composition by lengt h of service , pay grade , or rank , and
policies affecting initial accessions (hiring ), retent ion , and promotion. For the most
part we exclude requirements , assignments, and purely forecasting models ; polic y
decisions at that level may be determinants of overall force characteristics such as
cost , efficiency, and retention behavior , but the models do not address those policies
directly .

A potentially important omission in our review is the interaction between a
manpower model and its users. Peop le , not models , formulate and imp lement
policy. A model is an instrument that supplies inputs to po licymakers. Sometimes H
the instrument is known to be imperfect but is still highl y useful. In such cases the
user exercises judgment , judiciously modifying the model’s outputs in arriving at
policy decisions. That process lies beyond the purview of this study; consequently ,
we cannot pretend to pass judgment on the accuracy or wisdom of policies emerging
from the process.

The research strategy undertaken here concentrates almost solely on the fun-
damental aspects of the models. This approach is justified by two important consid-
erations. A complete study of the model-user system would have required elaborate
interviewing and site visitation that were for practical reasons infeasible. Move-
over , it is not always possible to identify the users. Many of the models are in the
developmental process, with no user group clearl y defined as yet , while others may
h ave m an~ users.

On the positive side , we did not believe this type of multifaceted study was vital
to our research. Our work will have amply served its purpose if it leads to improved
mathematical models for the policymaker. An accurate tool is always better than
a flawed one in the hands of any user .

In sum , we had four main research objectives:

1. To review the state of the art , the most recent advances , and the current
use of DoD manpower and personnel modeling;

2. To show how current models can promote efficiency in national defense ,
particularly through policies with respect to train ing, retention , grade
management , and compensation;

3. To suggest how specific models may be applied most effectively to mili tary
manpower problems; and

4. To suggest directions for the further development and refinement of exist-
ing models.

Our sample consists of 26 models. Of these , six are optimization models and
twenty are nonoptimization models , i.e., models not based explicitl y on optimiza-
tion procedures. Because many of the models have numerous antecedent s and
progeny, any single model may be representative of’ many other existing models.
(See Chaps. 5 and 6 for details.)

Chapter 2 discusses the philosophical basis of our review , analy sis , an d criti-
cism of models , and defines more precisely such terms as “efficiency , ” “optima li t~ .”
“policies ,” and “variables , ” which are used rather loosely in this chapter.

Chapter 3 reviews the curren t state of the art without  delving into the deta i ls
of individual models. It also examines practi cal and theoretical problems commonl y
encountered in the development and implementation of manpower models. (‘hap .

_ _ _ _



4

ter 4 describes crucial components that should be common to all usable manpower
models, and presents recommendations for model builders, users, and funders.

Chapters 5 and 6 review the individual manpower models and their weaknesses
and strengths. The appendixes encompass a technical survey of the optimization
models , a discussion of discounting, and the technical criteria for evaluating models
proposed by the Naval Personnel Research and Development Laboratory.
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Chapter 2

A METHODOLOGICAL BASIS FOR THE REVIEW

MANPOWER MANAGEMENT AND POLICIES

Manpower management is the art and science of formulating, choosing, and
implementing policies affecting the manpower and personnel of an organization
while supporting the goals and objectives of the organization. ’ The model is one
of the tools the manager can use for that purpose.

A model can generally be viewed as “a mathematical or physical system, obey-
ing certain specified conditions , whose behavior is used to understand a ph ysical .
biological , or social system to which it is analogous in some way. ”2 In personnel
management , it is most often a mathematical model that represents some facet of
the personnel system and is used to relate policies to outcomes for the system.
Models have been applied to requirements , accessions, retention , promotion or
grade management , assignment, rotation , and compensation. The Navy Personnel
Research and Development Laboratory (NPRDL) has produced a compendium of
over 200 computer-based manpower and personnel models developed in the DoD
[1,21. The compendium remains a usefu l introduction to the breadth and scope of
DoD manpower modeling.

A model can be classified either by the technical mathematics upon which it is
based , or by its intended purpose , v, hich is of more immediate interest to the
potential user. Models developed so far are intended for use in ( 1) determining
manpower requirements , (2) managing the active force (assignments), and (3) fore-
casting future manpower inventories. Models may be used in any of three modes:
( 1) simple description or prediction , (2) simulation of the effects of policies as a guide
to choosing policies , and (3) formal mathematical optimization over a set of possible
policies.

CLASS IFICATION OF PERSONNEL MODELS

Requirements models calculate the type and skill of pet sonnel required to meet
operational objectives. For example , models are used to calculate training facility
staffing requirements as a function of ’ accessions, repairmen as a function of fly ing
hours , and accession requirements to staff the operating force.

Ii hotornv fwt ween ma np~ iwer and personnel assigns to man power such ~ob.rela t~ d
fu nd tons is the sett i ng of man power requirements . the sja’ i i ficat On of j obs or hi I lets , and I ho dot ormina-
t ion of skill levels or other qualifications for personnel assigned to particular jobs , Requiremen t s nioilels
catcu lute the i~ pes and skills ui personnel required to meet certain operational objectives These niodoli.
are used, t i i r  exam ph’. ii ca cu lating training I ii if staffi ng requIrements as a function of access i, ins .
repairmen as a function of living hours , and accessions requirements to staf Y the operating torce ‘l’hi’
p..’ rso net I U nct inn i nd ud.’ . hi i~i ng. iii V anc , ‘110 )1 , ret d’flt 11)11 . arid ot la’i’ act vii es direct lv related to
p ‘o ple’ Train ng ni iv he’ v .‘wed as boli >ngi ng to ..o thor mail powe r ir person net ; in trill hi t  belongs part lv
to hot ti . W~’ are’ primarily interested in what In’ ,alled pe’rsonta’ I models . h u t  Iraw rio care f u l  distinct ion

(‘en m a n j i w o r  and pe rsonnel models
\1c (; r - .iw ’~li ll I)i,- t , ,riorv n,f 5, i e n t if i i  iou! ‘f l ’, ’hni , ’al ‘I ’,’r,, s .
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Models for managing the present force start with its current inventory, and
then apply policies and natural manpower flow. Such models take a variety of
forms depending on the detail required . Duty station or rotation models, assign-
ment models, training or school-scheduling models all deal with the current force
and aid planners in making decisions that take due consideration of personal
objectives and skills requirements. Assignment models attempt to schedule train-
ing and achieve certain objectives such as equality in personnel rotation. Models
of this type can determine the allocation of accessions to career field specialty
according to aptitude or individual requests.

Forecasting models are used to predict important performance measures of the
system, primarily budget costs and men. For example , models for forecasting retire-
ment costs are of’ this type. Accession and retention behavior can be predicted by
econometric models using personal characteristics of servicemen; so can force com-
position , given historical retention, promotion , and other variables. We make no
distinction between forecasting, descriptive, and predictive models within this gen-
eral class of models.

Projecting current force composition and its dynamic changes into the future
requires knowledge of enlistment and reenlistment behavior as a function of per-
sonal characteristics such as age, education , and home town, as well as military
grade, specialty, and length of service. Models that estimate retention within the
force become a major component of the third category of personnel models. This
category projects the personnel inventory into the future either in the longer-term
“steady state” or during shorter periods (five years, for instance), called the “tran-
sient” period. Such models are used to predict how changes in personnel policy will
affect the force, or are used simply to anticipate problems that may arise with the
natural aging of the force.

Most DoD manpower models in these three categories are concerned with
description and prediction of some small part of the total force. An occasional model
uses optimization , or at least simulation, to determine some better manpower
policy. In the Navy compendium the authors found that “these models, naturally
enough , are limited in scope to the local concerns of the developers. Such local
suboptimization within the manpower/personnel management community does
not promise to add up to global effectiveness within the total ... organization ” [1,
p. 145] .

Certain models in the forecasting category are often used in simulation experi-
ments. Following a series of computer runs, planning analysts review the output
and feed back policy changes as new input. Planners can then make modifications
to manpower policy in the form of promotions, training inputs, reductions in force
(R IFs), accessions, and the like. An interactive simulation model can be used to test
the effects of changes in retirement systems and of skill-level constraints imposed
by Congress or the OSD. Successive runs are used to determine the best policy—
“best” meaning a policy that results in an intuitively desirable force. This simula-
tion process cannot be called optimization , because it can never be guaranteed to
reach an optimum. It furnishes an array of acceptable policies, however , from
which the planner can choose the one with the best tradeoff of effectiveness and
cost.

-
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EVALUATION OF PERSONNEL MODELING

A host of personnel models have been devised; the problem is how to evaluate
them and , if possible, their contribution to meeting defense objectives. The answers
can be evaluated from two standpoints. Models can be evaluated technically by the
quality of the data they use, the realism and reasonableness of their assumptions,
the accuracy and applicability of their mathematical algorithms, and so on. This is
the approach taken in the methodology developed by NPRDL for its survey. The
other approach , which we have adopted for our review, is to evaluate a model’s
contribution , or potential contribution , to the effectiveness of DoD personnel man-
agement. The evaluation stresses the concept underlying the model, the policy
recommendations the user derives from the model , and the consistency of these
policies with the DoD’s objectives in personnel management.

The difference between the two approaches is one of emphasis. This review
endorses NPRDL ’s standards for technical evaluation , which we find both rigorous
and reasonable. NPRDL has produced a “model evaluation worksheet” to be used
by trained analysts in evaluating specific personnel models. The questions devel-
oped for the worksheet are reproduced in App. C of this report.

The evaluation of personnel modeling on a broader scale requires knowledge
of the objectives of manpower management and how policies can contribute to or
prevent their fulfillment. We assume that the principal objective of defense man-
agement in general , and personnel management in particular , is to see that the
desired level of defense capability or productivity is achieved at minimum cost. But
since the personnel manager has control of only manpower resources, his actions
involve suboptimization rather than true optimization. The desired level of defense
capability is expressed in the foreign policy objectives of the United States and in
the missions of the U.S. military; it is reflected more specifically in the size and
structure of the military forces. 3 The management of the military force to ar ’hieve
a specified level of output or capability at minimum cost is referred to in economics
as “productive efficiency. ”

The questions to be answered are: (1) What are the conditions for achieving
productive efficiency? (2) What kinds of guidelines do efficiency conditions provide
for evaluating military manpower models?

DECENTRALIZED DECISIONMAKING

Although efficiency in defense management implies that policies are chosen to
minimize the cost of meeting defense requirements , an overall optimum can some-
times be achieved through a series of independent suboptimizations. That is.
managers in different parts of the defense establishment can make independent
decisions on the basis of a limited amount of information provided by a centralized
authority . The possibilities for decentralized decisionmaking have received consid-
erable attention in the literature of economics and management science through
the years. In the classical applications of decentralization , the manager is given a

The cost ofdet’t’nse max’ be defined in several d itTe ’ re ’ nf ways: to rrent budget cos ts , accrued budge t
costs. eco nomic cos i to DoD, o r social opportunity cost For most , of the ’ nno de’hs e’xa rn ine’d he’re these
de’ tinit iot is wil l  ,e’ virtuall y identical.

.. -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

8

value for his outputs and “costs” for his inputs. The manager is asked either to
maximize the value of his outputs for a given budget or to minimize the costs of
his inputs for producing a given level of output. At some level , however, central
management must determine the proper level of output or the correct budget for
the decentralized authority. In defense manpower, if the manager is given a pro-
ductivity index and the cost for each kind of manpower input , his achievement of
some total productivity index at minimum cost may be consistent with overall
defense efficiency.

Decentralized decisionmaking can be very difficult for the military manpower
manager. He must choose between military and civilian personnel, between capital
and labor , and between other factors affecting the optimal allocation of military
manpower resources. Casual evidence suggests that it is difficult to make tradeoffs
between various types of compartmentalized resources anywhere in the DoD.

Decentralized decisionmaking can use suboptimization models to produce a
proper allocation of resources. Although suboptimization in manpower manage-
ment does not necessarily lead to inefficiencies, one form of it invariabl y produces
bad policies: the determination of policy on the basis of too narrow a range of policy
options. It would be a bad mistake, for example, to use promotion policies alone to
determine values for a broad range of other policies, such as retention , accession ,
and retirement , without consideration of cost, productivity, and other variables. No
one in the DoD necessarily acts in this manner , but some of the models developed
for grade management are very narrowly constructed. An argument in support of
managers who consider a single set of policy variables in isolation , such as promo-
tion policies, is that their authority may extend only over grade management.
Nevertheless, althoug h the manager may be blameless, the management function
will suffer if manpower and personnel policies are not fully integrated.

MANAGEMENT IN THE CONTEXT OF THE TOTAL FORCE

The allocation of resources within the DoD is considerably more difficult than
the simple paradigm of the previous section. Scenarios, missions, major weapon
systems—all are subject to heated debate and major disagreement within the de-
fense community. The problem is equally difficult for the manpower manager. Even
if total control over manpower resources were vested in one manager or one office
in each of the services or in DoD , the manager would have control only over a
limited set of resources. Consequently, in acting to minimize the cost of providing
a specified defense capability, he is essentially carrying out an exercise in suboptim-
ization because he lacks control over weapon systems and other capital equip-
ment. 4 Moreover , if the “wrong” weapon system is chosen , the manpower manager
must adapt his plans to it even if he knows how the force should be optimall y
structured. If the Navy erred in choosing additional SSBNs over additional CVANs ,
the manpower manager would have no choice but to augment the personnel re-
quired by ballistic missile submarines rather than attack carriers.

Rarely does the manpower manager have effective control over all manpower

Suboptim izat ion is not necessarily bad. of course, as the remainder of this section indicate’s Even
a niariagt’r vested with tota l responsibility fur providing forces to achieve a given level of national
de’f .’ns. is act rig suhoptirna I lv in the ’ sense’ t hat the’ level of national defense’ is hi ken as given - 
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resources: militar y and civilian , active and reserve. Even more rarely does a man-
power model include , on a large scale, both military and civilian personnel or both
active personnel and reservists. The modeling exercise that each service has operat-
ed in recent years attempts to develop an objective force by grade and length of
service. Since at best such models must take civilian and reservists as given , man-
power models are more suboptimal than the overall manpower decision. Most
manpower models, however , deal with only a small portion of the spectrum of
processes affecting defense manpower. Thus, there are models devoted to require-
ments, accessions, losses, grade management , retention , and assignments.

To the extent that individual processes represent distinct facets of the manpow-
er or personnel system, it is probabl y sound to construct models along single-process
lines. Doing so makes it more difficult , however , to draw policy inferences that are
consistent with the fundamental objective of efficiency in defense management. In
general , the smaller the piece of the problem analyzed , the more obscure are the
policy implications to be derived from the model.

THE NATURE OF THE MANPOWER MODELING PROBLEM

The application of modeling to the military personnel system requires an under-
standing of some of the system’s peculiar features. Most important of all , it is a
closed system in that trained , experienced manpower is usually produced within
the system rather than recruited from outside, constituting what is essentially a
closed labor force.

Personnel enter the force at the most junior grades in the officer and enlisted
ranks. The length of time they spend in active military service has a strong bearing
on their rank and pay. Opportunities for “lateral entry ” of experienced personnel
at higher grades are limited in the military to medical doctors, musicians, construc-
tion tradesmen, and , intermittently, a few other skills. Consequently, a closed
system necessarily has greater continuity and stability in its personnel than does,
say, an industrial firm . That advantage has a corresponding drawback: the plan-
ning function taken on by personnel managers necessarily is much more crucial ,
because leaders and other experienced personnel can be produced only within the
system. Planning models help insure that sufficient experienced personnel will be
available in the future.

A major difference between long-run and short-run manpower management is
that a much larger array of policy instruments can be brought to bear in the long
term. In the short term the manager must dea l with the military force as it exists
at the moment. He may make policy changes in promotion , accession, and retention
that influence the direction of change for the force, but only with time will they
sign ificantly affect the force.

The composite effects of numerous policies determine the future force. Special
pay, bonuses, and compensation levels in general are variable and affect the size
and composition of the force. Policies such as those governing promotion and grade
management affect the grade structure. And the quality of the force is directly
affected by policies regarding menta l, physical , and performance standards. In the
long run , military manpower requirements are also variable , as capital inputs can
be substituted for both military and civilian labor inputs. Hence the choice of policy

_ _ _ _ _ _ _ _ _ _ _ _ _  . --~~~ ~~-~~~~- -
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variables to include in a manpower model depends on the time horizon of the
manager who will use the model.

CRITERIA FOR EVALUATING MANPOWER MODELS

We used eight general criteria in our evaluation of DoD manpower and person-
nel models. We did not rigorously apply them to every model in our review , how-
ever; rather , we used them as a basis for our thinking in preparing comments on
the individual models.

1. For an optimization model , is the objective of the model consistent with
overall efficiency in national defense or in manpower management? In
particular , does the objective function include the implications of policies
for the cost and productivity of the military force?

2. For the many nonoptimization models, which furnish managers an array
of policy choices, does the model in actual use (a) take into account the
proper range of variables and (b) reflect objectives consistent with overall
efficiency?

3. Is the model correctly placed in the hierarchy of decisionmaking within
the service Oi’ OSD? Is feedback available from different levels in the
hierarchy to evaluate the effects of policies derived from the model—i.e.,
is this a case where decentralized decisionmaking is expected to function
well?

4. Is the model, as formulated, unnecessarily suboptimal in considering only
a few of the policy variables available to the manager or in ignoring the
most important variables? A model that totally omits cost and productiv-
ity from its calculations is clearly incomplete.

5. Does the model adequately represent the behavioral relationships
present, particularly behavior that would be affected by policies under
consideration in the model?

6. In the use of steady-state models, is consideration given to the dynamic
problem of adjusting to the steady state? Are transient conditions derived
from the model and does the model user explore the short-run behavior
of the system?

7. In cases where the system can be expected to exhibit large random varia-
tions—in personnel flows, for instance—or where policies may have uncer-
tain effects , are the model users encouraged to experiment with different
values of the suspect parameters?

8. Is the mathematical formulation appropriate for the problem under inves-
tigation? This covers a list of questions about the specific formulation of
the model. For instance, is long-run steady-state analysis being used to
analyze a short-run dynamic problem? In a linear model , are crucial sys-
tem features lost by ignoring interactions and other norilinearities? Is the
time horizon of the model long enough to indicate the full effects of the
policies under investigation?

L ~~~~~~~ - . - - .-- ~~~~~~~~~~~~~~~~



Chapter 3

THE CURRENT STATE OF THE ART

In conducting this review , we were primarily interested in manpower and
personnel models that address high-level policy issues with large-scale implications.
The NPRDL compendium 11,2], with its one- or two-page descriptions of each of the
200-plus DoD models, is a useful starting point for anyone interested in surveying
the scope of the DoD manpower modeling effort. For our purposes, however , we
selected 26; some were included in that Navy survey and others were more recent
additions , representative of the assumptions, techniques , and problems of the class
of models under consideration.

NONOPTIMIZATION MODELS

The technical term “nonoptimization ” means that the model contains no inter-
nal operational method by which to reach an optimum . such as maximum produc-
tivitv or minimum cost, given that requirements or other conditions must be sa-
tisfied . In their actual planning role, however , “nonoptimization ” models are used
iteratively to reach an optimum prescribed by the user ’s judgment. Insofar as
simulation can be used in a management context as a surrogate for experience,
these personnel models allow planners to ask “what if ’ questions and evaluate
tentative results before actual policies must be determined. Moreover , by test ing
and evaluating different policies through successive computer runs , the decision-
maker ’s perspective can be altered by enhancing his sensitivity to the complex way
in which policy changes affect the personnel system. Thus , beyond their role in
testing individual policy options. simulation models serve useful l y in an ongoing
heuristic process essential to effective decisior imaking.

Models may or may not embody costing procedures, depending on their role in
the p lanning environment. There may be no need for procedures to cost the aspect
of a personnel system; the planner may be analyzing force structures independently
of costs or budgetary restrictions. The central concern may be to highlight and
expand some major policy in the personnel system , or the analysis may need
information to he gained by allowing policies to develop in an unhampered environ-
ment ; in such cases, the end force produced frequentl y has no costs computed with
it .

Even when costs are supplied , few of the models surveyed produce strict ly
budgetary projections. Although models with costing procedures may output val-
ues tbr training , procurement , retirement, and total cost.s for a force profi le , t hese
dollar costs—discounted or not—usuall y appear with the implicit or exp licit as-
sumption that they will be used to evaluate alternative force structures. In other
words, cost figures are to be used as comparativ e measures rather than absolut e
dollars to he allocated for specific missions.

With this  brief review of the role of n onop timiz ati on models , we ca n move on
to a more detailed ana ly sis  of the  s ta t e  of the  art . The followi ng discussion ad-

I l  
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dresses the most basic question: What is a model and how does it simulate a
manpower s stem?

A MODEL AS A MAPPING

The dictionary defines a model as “a descri ption or analogy used to help visual-
ize something (as an atom) that cannot be directl y observed”; the model may consist
of “a system of postulates , data , and inferences presented as a mathematical de-
scription of an entity or state of affairs. ” Its structure may consist of variables ,
functions or relationships between variables, and equations or sets of equations
that may or may not be dependent. A model is formed when these structural
entities are assigned meanings that correspond to objects, events, or series of events
in the real world. In short , a model is a mapping between a set of mathematical
entities and the real world.

DENSITY OF MO DE L DE TAIL

The density or degree of detail in mapping is a rough indication of the model ’s
“rea lism. ” Two extremes will illustrate the point. On the one hand , the mapping
theoreticall y could be in a one-to-one correspondence with every detail of the real
world relevant to mili tar y personnel. Such a model would be a replica of the real
world simulated in real time, and would demand a massive, complex , and expensive
computer system. (Simulations of complex nuclear reactions that trace nuclear
decay, half-lives , and dispersion of nuclear particles fall in this category.) Further-
more , the output of such a simulation would be as complex and difficult to evaluate
as the world itself. At the other extreme, the mapping could be all-to-one; the model
would assign all mathematical entities to a hi ghly restrictive area of military
personnel. Such a model is designed to capture onl y the essentials of the system .
and in the extreme case would simulate only one isolated paradigmatic case. The
mathematical structure of such models would be complex , but their data-manage-
rnent requirements would be lessened and , generall y, the models would be less
expensive to run. Of course , output from a model that simulates paradi gmatic cases
supplies information too general for the needs of a policy anal yst .

Obviously , neither extreme is suitable for policy analysis , but comparing the
two yields insights about the kinds of tradeoffs a model builder must make to suit
the model to the task. Basicall y, manpower models are many-to-one correspon-
dences; depending on the purpose of the analysis , the models develop as compro-
mises , fa l l ing somewhere on a continuum between the two extremes.

The following section discusses model characteristics and relates them to tech-
ni ques for dealing with the mapping conditions. These attributes are presented as
dic h oto mi es, e.g., predictive versus ideal , ent i t y  versus aggregate, act ual inventory
versus derived distribution. Rather than view these polarities as dimensions in an
n-space , the reader should think of them as pointers that locate the position of
models along the density continuum. (Accordingly, they are not mutual l y  exclusive
characteristics; in fact , presence of one may imply presence of another. For exam-
p le ’ . a mode’ with a derived distribution usually aggregates, hut the converse may
not hold because aggregate models can use actual  inventories. ) 

-..- —- .-  - ---..- -~~~~~~~~~~~~
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PREDICTIVE VERSUS IDEAL MODELS

Among the models cited in this study , ideal models purposely ignore idiosvn-
cratic elements of a personnel system and concentrate on salient features that affect
the total structure. For example , an ideal model would not take account of differ-
ences among service branches in init ial  retirement age, but instead might use an
average or typical age. These models provide projections based on hypothetical
policies allowed to operate in an idealized environment. Therefore , the outcome of
an ideal model derives from a causal chain of events where the interacting elements
are limited , well defined , and carried to their logical conclusion. Because it is
assumed that the day-to-day variabilities that ideal projection models ignore will
eventually be dominated by the important features they do contain , ideal projection
models are used for long-term planning.

Whereas ideal projections are necessarily sparse mappings , strictly predictive
models are more dense. ’ They try to account for more real-world contingencies and
details. Their objective is to produce a snapshot of the personnel structure at some
future point in time; consequently, they incorporate more variables and allow them
to vary through time. Unfortunately, as the number of variables or characteristics
described by a system increases, the more difficult it becomes to capture all the
forces that may impinge upon them at future points. Accordingl y, the accuracy of
the picture diminishes rapidly, and strictly predictive models lose predictive power
in the long range. However , they are frequentl y and ef’ectively used for short-term
planning.

ENTITY VERSUS AGGREGATE MODELS

The basic information upon which modeling superstructures are imposed is a
force distribution or inventory. As raw data , this basic information consists of
personnel records that identify every member of the armed forces by standard data
such as sex , rank , age, date of enlistment, service , test scores, zip codes, etc. In
organizing this information , model designers have several choices. Some treat each
member of this database as an individual entity in the model. Others form groups
of database members that have similar characteristics by aggregating them into
cells. Accordingly, the former models are called entity models, and the latter aggre-
gate m dels.

Naturally, models that simulate and predict individual behavior require
greater detail and denser mapping, and treat each member of the database as an
entity. Among the entity models surveyed in this paper , each individual ’s record
can be located at any point in the execution of the model , and each record contains
from 15 to 43 data variables. If there are 100,000 or more individual recor~~, the
detail and complexity of these models are obvious, let alone their data-management
problems. Typically, these models require long execution times and trained person-
nel to supervise data input and model execution.

The aggregate approach groups individuals who share relevant characteristics

“Predictive” is used in this context only to refer to simulation techniques. The term is not used
in the same’ sense as a mathematician would use it in referring to stat is t i c a l  technique’s, such i~
regression analysis , w here accuracy of the predicted result is quantithtive .lv me’asure’d . 
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into cells .\s a result , t he detail with which the model can predict behavior is
f iltered throug h levels ol’ aggrega t ion and the outcomes are associated with the
att ributes chosen to identif ~’ a cell. Because aggregate models simulate group
behavior , t hey are not strict l~ predictive. Instead of tracing individual  records as
ent i t y  models do . operat ions are performed on numbers in cells dimensioned by the
attributes in the aggregation set.

The characteristics chosen to aggregate the inventory are critical , because
in formation used in manpower planning may have different effects depending upon
the way s in which it is disp layed. For examp le , decisions based on total end strengt h
given by years of service onl y may be less effective than decisions based on total
end strength given by years of service and grade. While the years of service distri-
bu tion a l one may appea r opti mal , it is possible that ~‘ears ofservice distributed over
grades will reveal bottlenecks or lags that will cause shortages or surpluses in
future years. (This consideration is especiall y important in retirement studies.) •1
Most of the nonoptimization models we surveyed exhibit attributes in the form of
a grade-by-length-of-service array. However , depending upon the policies anal yzed
and the limitations imposed , attributes may include source of commission, end of
obligated service, date of rank , compo nent ( reserve or regular) , military occupa-
tion . year of enlistment (cohort ) , etc.

Generally , aggregating the basic inventory information minimizes data man-
agement problems and reduces execution times. However , certain characterist ics
of members of the force have been deemed more important than others in the
selection of aggregation attributes. As a result , the models have moved one step
away from the strictly predictive, denser-mapped extremes of the spectrum demar-
cated by the fundamental mapp ing cond ition.

ACTUAL INVENTORY VERSUS DERIVED DISTRIBUTIONS
MODELS

Selection between the entity versus the aggregate modeling technique is an
incremented change , however, because aggregate models may still be considered
predictive if their data or basic information display derives from an existing in-
ventory. In this case, numbers distributed among the aggregation set are computed
by tally ing master personnel files. Aggregate models become ideal projections only
when the distribution of personnel among the aggregation set is anal ytically
derived rather than empirically computed. At this point , a distinction is made
between two classic manpower modeling techniques for describing the basic infor-
mation display: an actual inventory and a derived steady-state distribution. Al-
though several techniques are available to create steady-state distributions (see
“Steady-State Versus Dynamic Models ,” below!, a necessary condition is common
to all. It is assumed that an equilibrium condition exists, that the tota l number
affected by policies entering a given cell is equal to the total number affected by
policies leaving a given cell. It follows from this condition that  models using a
steady-state distribution are time-invariant , while models using an actual invento-
ry may allow numbers in a particular cell to vary through time. Jhvious ly , models
with steady-state distributions approach the idealized extreme of the manpower
modeling spectrum , while actual inventory models fall closer to the predictive end.

_ _ _ _  
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Once an actual inventory or derived distribution of the force is created , rea l-
world happenings can be simulated. In modeling terminology, these processes are
called lou ’s of motion. These laws describe the ways in which movement can take
place to drive the initial information disp lay to a terminal point on the planning
horizon. Interim stages in this process are called states. In manpower models , laws
of motion correspond to policies on promotion , attrition , accessions, augmentation,
suspension. etc. These policies , in turn , take the form of rates that can be derived
from historica l or empirical data , or they can be supplied by the analyst. For
exa m ple, losses to the force through nondisability retirement , end of obligated
serv ice, or desertion may be based on data collected from past years. Occasionall y,
loss rates are not simp ly drawn from historical cases. Some ancillary mathematical
techniques may be employed to “smooth” the data , or anot her specia l pu rpose
statistical model may be employed to derive , from empirical observations , rates
that will better predict losses. If the rates corresponding to policies do not have an
empirical base, they fall into a special category. These decision i a  n obles are an-
other important design feature of the model because they instantiate the decisions
of manpower planners that can affect the course of future events. Most models
emphasize a particu lar policy; usuall y this emphasis can be determined by the
number of decision variables designed into the model relevant to that policy. Exam-
ples of analyst-supplied values are continuation , training, procu rement , and promo-
tion rates.

DEVFERMINISTIC VERSUS STOCHASTIC MODELS

Application of these rates results in the movement from state to state character-
ized as a law of motion. The facility for this procedure is to house these empirical
data and decision variables as rates in an array (matr ix )  indexed h all the attrib-
utes or individual characteristics relevant to the policy under consideration. To
select an indi vidual  record or to compute the numbers that will  move to a next state .
the tates are multip lied by the number in a cell. A simplified mathematical descri p-
tion of this movement is

X ,0 = R - X ,

where X is the number in a state , R is a transition matr ix , and i is a state denoting
index. Straightforward app lication of these rates is a determinist i c pro cess, a Mar-
kovian transition insofar as movement to the next state is determined by presence
in the current state. Occasionally, selection for movement does not follow the
app lication of rates procedure described above. In certain cases , in dividuals or
numbers may be selected randomly , and the model then contains a stochasti c
process.

Exhibited in this facet of laws of motion is another classify ing attribut e ’ of
ma npower models that illustrates a fur ther  limitat ion imposed by the fundamental
mapp ing condition. Both pred ict ive and ideal models can have deterministic pro-
cesses. As a rule , deterministic processes predominate in ideal models because the
laws of motion are l im it e d and well-defined operations on an anal ytical l y der ived
distr ibution .  Stochastic processes most often appear in predictive models because
i-e lianc e on random choice occurs when the  causal l ink s break down and the mul t i -  
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p li ci tv of variables results in an unclear selection rule. Use of random numbers ,
then , accounts for  variabil i t y in real-world events that is beyond the purview of the
model’s definition and structure. Because of the detail and closeness of mapping
required , this condition most frequentl y occurs in predictive models.

Two examples from the models surveyed illustrate stochastic processes. The
first is ret ’erred to as an integer problem. Because the numbers in a cell are allowed
to vary through t ime . it may occur that the number remaining in a cell is less than
a w hole man or integer. In that case a random number generator may be used
instead of rates to determine if all or none of the cell moves to the next state. In
the second example , the model is forced to simulate events on a statistical level.
Typicall y,  this method is used to simulate meetings of promotion boards that choose
eligibles for promotion , or to select losses.

Limitations are also imposed upon laws of motion. The real world inhibits the
flow of these movements b~ rules , regulations , and feasibility considerations. To
map restrictions on policies , models usually contain constraints that set boundaries
on final configurations of the force at the end point. These constraints may consist
of end strength requirements , grade requirements , limitations on age or years of
service (re t i rement ) , lower bounds on critical manning levels to assure prepared-
ness . Congressional directives , notions of equal treatment , and budgeting limits.

I n genera l , the conceptual framework we have outlined thus far classifies
models as ideal versus predictive, en tity versus aggregate, and deterministic versus
stoc hastic. The basic information operated upon in the modeling process was de-
scribed as an actual inventory versus derived distribution. An extended classifica-
t ion of ’th is distinction is dynamic versus steady-state models. Table 3.1 summarizes
the ~‘xpa nded characteristics of this traditional differentiation in models , and the
following section explains how the preceding characteristics fit into the more gen-
ct-a l steady-state versus dynamic categorization.

Table 3.1

C O M P A R I S O N  OF D Y N A M I C  A N D  STEADY-STATE MODELS

Model Component Dynamic 
- 

Steady-State

“ M ai n array~’ (‘urre ’nt i nventory Dist ribu tio n of force
Laws of motion Procurement , a t t r i t io n , Procurement , a t t r i t ion ,

promotion promotion
State conditions Cell size varies with Flow’ entering cell equals

ti m e flo w lea v in g cell
Output  Projected dis t r ibut ion “Ideal” distribution of

end strength

STEAD Y-STATE VERSUS DYNAMIC MODELS

The previous section has developed model characte t -istics didactically. The
appi’oach was to postulate a fundame ’~t a l mapp ing condition and present modeling
tech ni ques as ways of dealing with the mapping concept. These characteristics can
he used to define two more general categories of models , dynamic and steady-state.

The basis for this  extended classification is choice between an actual inventor y
and a derived disti’ib ution. Dynamic  models work with actual inventories ; steady- 



_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.-—-- - -  -~~~-.- -~~.- ~~~~~~ 

. 

I

17

state models work with anal yticall y derived distributions. Dynamic models more
closely approach one-to-one correspondence mapping , and hence are more predic-
tive as a class than steady-state models , which deal hypothetically with restricted ,
essential aspects of the personnel system.

Steady-state models aggregate their distributions and the laws of motion work
deterministically , usually as embedded Markovian processes. A wider range is
evident in dynamic modei~’, where the actual inventory may consist of entities or
aggregated groups. Dynamic laws of motion exhibit both deterministic and stochas-
tic be havior.

When used as devices for idealized projection , steady-state models are em-
ployed in long-term planning. Their typical planning horizon is twenty years. Dy-
namic models , on the other hand , project the force anywhere from one month to
ten years into the future; thus , they serve short-term planning needs that call for
detailed and accurate information.

The distinction between the two can be seen more sharply by examining their
actual structure as it is realized in the interaction between the basic information
display—an actual inventory or a steady-state distribution—and the laws of mo-
tion. One should also consider their methods for parameterizing decision variables ,
and the ways in which policies drive the laws of motion. Accordingly , although
individual models exhibit individual aDproaches in their parameterization and
mathematical techniques , we generalize below the basic techniques found in the
two kinds of models and discuss their uses and limitations in the planning environ-
ment.

Steady-State Models

Two conditions make steady-state distributions feasible. First is the assumption
of equilibrium: that the total number affected by policies entering a state is equal
to the total leaving the state. Second , military personnel systems are closed sys-
tems, with virtually no lateral entry. Because of these conditions , at least two
distinct kinds of steady-state models are possible: backward models that begin at
the system’s sink , and forward models that begin at the system ’s source. The terms
“backward” and “forward” describe the direction of flow; “source” an d “sin k”
describe system entry and exit points.

Both kinds of models embody sets of equations. Each equation of a given set
deflnes the law of motion for a particular year of service and the whole set defines
the laws of motion for a grade containing those defined years of service. The initial
problem to be solved by these two approaches , then , is to distribute total force
numbers into these grades by years-of-service sets.

One approach is to create a distribution over years of service alone and then
to break the distribution into grades. Obviousl y, a total strength value is needed.
Next , a set of retention rates is input , and the product of these rates is taken to
compute survival rates for a given year ofservice. These survival rates are summed
to compute an average career length which , in turn , divides the total force strength
to calculate the number of procurements. The distr ibution of personnel over years
of service follows by successively app l y ing retention rates to the number remaining
from the previous year (procurement in the first e ’ar ) . To spread th i s  years-of-
service distribution into grades, a promotion-related variable must he input .  These 
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values are usually probabilities of moving into t he next grade (or higher )  given a
part icular s ear ofservice and given that an individual  is in his or her present grade.
App ly ing these values to the total numbers in a given year of service produces the
needed solution. So, with total end strength , a set of reten t io n rates, an d pro motion
probabilities , a stea dy-state distribution can be derived. Because this procedure is
ult imately working with procurements (source) , it would properly be used in a
forward model.

To use identifying characteristics in addition to years of service and grade ,
aggregate forward models form substructures by taking different combinations of
attr ibutes in an aggregation set, so that retei’tion rates may be given by sou rce of
commission , or different distributions over grades may be formed for different
procu t ement sources. The app li cabl e rates cor respond i ng to diffe rent po l icies are
t hen used wi th in  substructures to move the force from state to state. The final  step
in any substructurir i g techni que is to sum the numbers within the substructure to
calculate total end force.

Backward models take an entirely different approach. Although the equations
are similarl y defir ed by year s of service and grade , t he critical known value is the
numbe r moving out (promoted out , retire d , attrited) of the last state ( sink ) . Because
steady-state conditions hold , it is then possible to compute the number who move
into that state. Following this procedure recursively, i t is possibl e to arr i ve at t h e
number of procurements necessary to support a given force strength level.

As a ru le, backward models are more flexible than forward models in paramet-
r ic an alysis beca use th ey can set certain param eters, such as total number in a
grade, and solve for ot hers, such as promotion probabilities . In fact , bac kward
models can produce an output that would normally be input to forward models.
However , backward models have less capability in working with different attrib-
utes in the aggregative set. Accordingl y, emphasis must be put on input which , as
a result, is occasionally complicated , preprocessed by another model , and/or specifi-
call y tailored to the planning problem under consideration .

The structure of these models constrains the ir utility for planning. In the first
p l ace , models are usually designed to simulate either the officer force or the enlisted
force. This separation is implicit in the division between grade management and
career field management. Steady-state models that emphasize decision variables
related to promotion are generally used to study officer force structures , because
he supp ly of more experienced supervisory personnel comes from lower grades.

Since the military has no lateral entry , the main way to control th is supply and
distribution is through promotion policies. The other facet of this suppl y an d distri-
bution problem is retention behavior. Forward models that allow retention (or
losses to he set by the different attributes in the aggregation set allow the planner
more w ay s  to interface his decision variables wi th  the more complex behavior
categori zed as retention , an area of current interest and ongoing research.

Models o f the  enlisted force p lace l ess emp has is  on promoti on policies and more
emphasis on distributions ofthe force in m i l i t a r y  occupations and skill levels wi th in
these occupations. The key issue is then to define decision variab les to influence the
grade and years-of-service distributions wi thin  a mili tar y occupation or groups of
mi l i t a r y  occupations. Fl exib i l i t y  in def in ing  the  levels of aggregation is a desirable
design character istic in career fie ld managem ent models; a model may h ave occupa-
tiona l group is a dimension , or the  whole model may he dedicated to analy zing a
l) ar t icu l at -  c ;i t ’ ’ t  field. ‘l’r a i n i ng rates  a r t ’  also mor e  impor tan t  in lie ’se ’ models.

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _



19

Retention behavior is clear - ly a common s~ue for both the officer and enlisted
forces. Current research in manpower modeling is ac t i ve ly  interested in the abi l i ty
to determine accurate retention rates and to predict retention beha vior. The impor-
tance of that ability is hi ghlighted under “Dynamic Models ” below , because while
in steady-state models the role of driving the simulation system is shared by promo-
tion-related variables , losses are most important in dynamic models.

Dynamic Models

The major factor in dynamic models is treatment of attrition or , viewed another
way , retention. Because the military is a closed system , losses affect promotion and
procurement either directl y or indirectl y.

The ways in which losses drive the system are constrained by the beg inning
inventory and end strength requirements that must be satisfied, Given these con-
straints , dynamic models follow a basic procedure: The loss rates are app lied to an
actual inventory to produce a residual inventory , which in turn is compared with
a set of requirements to determine the number of vacancies available. The vacan-
cies will be filled by promotions and accessions. The order in which these po lic~~s
are comouted is determined by the kind of requirements given. For example , if the
end req ui rements are sta ted in terms of grade, promotions are performed first ,
followed b~ accessions. But if end requirements are given by critical manning levels
in an occupational specialty, accessions would be computed first, to be followed by
pr omotions. After all policies have been simulated or movement from cell to cell has
taken place for a given inventory, the whole force is aged one time period. The
procedure is then repeated unti l  a predetermined planning horizon has been
reac hed.

This pattern is open to wide variation , especially in the ways losses are defined
and treated. For’ example , the models sui’veyed recognize from 3 to 25 different
causes of loss. Loss causes can also he differentiated by mili tary occupation. Some
mode ls h ave a l gorithms to convert yearl y loss rates into monthly loss rates , taking
i nto account seasonal variations. Others use special purpo se models based on statis-
tica l techni ques such as regression analysis or the Automatic interactive Detector 2
to generate loss rates. In some cases, loss causes can be treated as decision vari-
ables; values are supplied by the anal yst and automatically constrained by other
policies , or the analyst can alter values for specific loss causes in specific years of
the dynamic projection.

Although not nearly as important as losses in driving the dynamic system ,
promotion policies are simulated in equally sophisticated ways . For’ examp le . pro-
motion may require predicting the number that will  pass qual i f y ing examinations
or cr eating the distribution and selection of eligibles among promotion zones and
at pr -omotion phase points. Signaling eligibles for promotion may require tagging
the inventory  randoml y as a result of the meeting of promotion boards ; or predict-
ing promotion may require using regression analysis or EOR (supervisory rat ings~
means on individuals  in the invento i-y .
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Conclusions

The foregoing discussion embodies three major conclusions. First , both dynam-
ic and steady-state models exhibit sophisticated , although limited , capabilities in
simulating military manpower systems. The limitations arise from at least two
sources: ( 1) Few, if any, exogenous variables are allowed. For example , these
models do not systematically account for the effect of the state of the economy on
accessions, or the effect of civilian wage rates on retention. (2) The behavioral
assumptions are sparse. Such notions as perceived pay and the feedback effects on
retention as people approach retirement or receive bonuses may be implicit in
empirical retention rates, but no design feature explicitly accounts for these moti-
vations in the simulation models surveyed. We suggest that future large-scale
manpower models would be more useful for planning if these other kinds of vari-
ables were parameterized as decision variables.

Second , the conceptual framework we have presented classifies models along
a density continuum using characteristics , some of which may subsume others, as
indicators toward either the predictive or ideal extremes. While these character-
istics are not mutually exclusive , they can be usefully applied in comparing and
contrasting the objectives , techni ques, and design of nonoptimization manpower
models. Table 3.2 lists models surveyed with these characteristics.

Third , the purpose of these models is to support the discretion of manpower
planners , not replace it. Short-term planning models (dynamic , aggregate or entity)
give a fairl y accurate , immediate picture of the near future; long-term models (ideal
steady-state projections) illustrate the ultimate consequences of initiating policies
under controlled conditions. No model full y satisfies every planning need , but
models are instrumental to an ongoing heuristic process that allows planners to test
and evaluate the effects of their decisions in the selected ways that mappings of the
real world permit.

OPTIMIZATION MODELS

Several recentl y developed DoD models can be called large-scale optimization
models. They include the six surveyed in this report: the Bureau of Naval Person-
nel’s work to develop the ADSTAP system 17], the Office of Civi l ian Manpower
Management (Nav y )  series of OCMM models [18], the Army ’s cont ract to devel op
an Enlisted Objective Force Model [191, Ran d’s effort under ARPA sponsorship on
optimal military pay [20], pr eliminary work on an Enlisted Personnel Projection
and Simulation Model conducted at CNA 121], and finally , ONR-funded research by
the Operations Reseai’ch Center , University of Californi a , Berkeley , on longitudi-
nal manpower models [22].

Builders of optimization models tend to add costing, objectives , constraints , and
decision systems to basic flow description models. Optimization methodology uses
systematic procedures to find a best set of decisions (called the best policy ) t h a t
satisfies constraints , in some cases, mathematical analysis indicates that no other
set of policies produces a better solution , whereupon the model is said to have found
the optimal policy.

Computational necessity forces most optimization models to use’ simpler basic
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Table 3.2

MoDELs A N D  CHAR ACTERIST I CS or MOD ELS SURVEYED

Model 
- ______ 

Agency/Deve lop er Characteristics

AID~E (Enlisted) A r m y / G E  TEMPO Predictive , enti ty,
AID~O (Officers ) statistical loss-rate

(Automatic Interaction models for the enlist ed
Detector Loss Probabilit y and officer force.
System )

COFPM USAF/Rand Ideal , aggregate , determin-
(Constrained Officer ist ic , stea dy-state , forwar d ,
Force Projection Model) grade management .

CI M-E (Enlisted Army/GE TEMPO Predictive , aggr egate ,
(Centra l Integrating Model) deterministic , dynamic ,

career field management ,
costs.

CIM-O (Officers) Army/GE TEMPO Predictive , entity , stoch astic ,
(Central Integrating Model) dynamic , caree r field

management.

DEMOS a OSD-M& RA/variou s Ideal , aggregate , determin-
(Defense Enlisted Manage - H q USAF , Army, isti c , stea dy-state , backward ,
ment Objectives Simu lation USMC career field/g r ade manage-

ment , Costs.

DOPMS OSD/M&RA Idea l , aggregate , determin-
(Defense Officer ist ic , stea dy-state , forward ,
Personne l Management grade management.
Syatem)

DOPMS USAF/Hq USAF~Rand b Predic t ive , aggregate ,
stochast ic , dynamic , grade
management , costs.

FAST Nacy /NPRDC Predictive , aggregate , determin-
(Force Analysis Simulation istic , dynamic , career field
Subsystem of MAD-O , management.
Adstap System)

NRETIRE OSD-M&RA Predictive , aggregate , determin-
(Retirement Section of istic , dynamic , retirement cost-
DYNPCM: Dynamic ing model ,
Personnel Costing Model)

OGIMOD USAF/Rand Ideal , aggregate , stea dy-state ,
(Officer Grade Limitation backward , grade management.
Model)

OPM Navy/CNA Predictive , aggregate , determin-
(Officer Projection Mode l) istic , dynamic , gr ade manage-

ment costs.

OSSM Models USAF/AFMPC
(Officer Structure
Simulation Model)

a. AFSC Analyzer
b. Aggr egate Model Ideal , aggregate , deterministic ,
c. Entity dynamic , career field manage-

ment costs.

Predictive , enti ty,  stoc hastic ,
dynamic , career field management.

_ _ _ _ _ _  
_ _ _ _ _ _ _ _ _  
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Table 3.2 (Continued )

Model Agency/De veloper Characteristics

TOPL INE DYNAMIC USAF/H q USAF Idea l , agg regate , determin-
(Total Officer Personnel ist i c , dynamic , grade management.
Objective Structure for
the Line Officer Force)

TOPL INE STATIC USAF/Hq USAF Idea l , aggregate , det ermin-
( R an d ) ist ic, stea dy’sta te , forward ,

grade management.

aThis model has wide application throughout the services , It is variously referred to as “The
Airman Steady-State Model , ” two versions of which are used in the multimodel Air Force En-
listed Management System: (Army /DoD modification of the original Air Force mod el).

bRand developed the costing routines.
CRa nd modified the ori ginal H q USAF model .

descriptive models than are found in nonoptimization models. One will find there
no detailed descriptions of the state of the system, such as the number of men by
grade, length of service, and.skill level or category. Optimization models must
examine manpower aggregated by length-of-service designations.

Several mathematical models are interwoven to produce an optimization man-
power planning model. The fundamental flow process is described by a basic model
of the law of motion. A decision model is set up to represent the effect of changing
policy on this flow process. Reductions in force (RIFs), promotions , accessions, and
bonuses are real-life policies that must be modeled. A costing system to predict costs
as well as manpower flows is added. Real-life constraints, such as requirements,
grade limitations, and total force limits, become part of optimization models by
constraining the feasible set of policies available .

Categories of Optimization Models

We have chosen to develop categories for the six models based on the different
optimization methodologies used: goal programming, force suboptimization , and
force efficiency. The model structure individually developed by model builders
virtuall y dictates the methodology that can be used.

Table 3.3 lists these optimization models by category, subject, and sponsor.

Suboptim ization Models

Suboptimization models address the setting of policy in a decentralized envi-
ronment. The objectives are not global , but are those of the smaller organizations
making up the entire military. The objectives and policy at this level are handed
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Table 3.3

DoD MANPOWER O PTIMIZATION MODELS

Origi-
Type of Model Subject 

- 
nation Developer 

_________

Goal pro gr ammin~ Civilian manpower Navy Office of Civilian Manpow er
(OCMM) Ma nagement

Enlisted manpower CNA CNA

SRB Enlisted Army Systems Automation
Corpo ration

Force suboptimizat ion Accession require - Navy University of Cali fornia
ments , COPLAN (Berkeley )

Force efficiency Enlisted optimization Rand Rand

MAP— (ADSTAP) Navy Bureau of Personnel Research

down from hi gher authority . Models addressing policy at this level can be used
quite properly in this multidivisional system if the global optimization is decom-
posed into proper ly conceived suboptimizations.

Virtuall y every manpower model used in force planning is some form of subop-
timizatio n model . One organization ’s objectives and operating constraints are in-
fluenced by policie s laid down by the head organization. Even the models listed here
as “force efficiency ” models are suboptimization models. The “best” base command-
ers’ policies are determined as those that are best within the objectives and con-
straints set by major commands. The major commands are themselves subject to
similar guidelines from headquarters at the Pentagon.

COPLAN (Cohort Planning Model) was developed for the Navy. The philosophy
underly ing this manpower flow model takes an unusu al approach. Most models
examine the age distribution ofthe current. force and project it into the fu~ure using
a Markov transit ion analysis that predicts retention based on past behavior of men
with the same demographic character istics , principally lengt h of service. These
cross-sectional models fail to consider the unique character of individual cohorts.
Long itudinal  models like (‘OPLAN are able to forecast by following and predicting
the behavior of single cohorts—personnel entering the service in the same year. It
does so by having  two exp lanatory variables to predict retention: lengt h of service
( LOS) and cohort. This can improve the predictive accuracy of the underlying flow
model , but at the expense of heavier computational and data requirements.

The descriptive flow model , accessions costs, total manpower requirements , and
the in i t i a l  starting conditions are given as inputs .  Various optimiz at I On techniques ,
including linear programming in the simplest cases, are used to find an accession
policy over a period of years that wi ll  minimize  the present worth of discounted
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accessions costs while meeting the total staffing requirement over each of the years.
Because it examines only a small part of the total cost and ranges of policy affecting
mili tar y accessions and accessions costs, the COPLAN model is a force suboptimiza-
tion model. Currently, the model is being used in experimentation by Navy plan-
ners and is available on the computer system in an interactive mode.

Goal Programming

Goal programming models are characterized by a set of operational require-
ments constraints that , while individuall y feasible , are impossible to meet in total.
The problem is “infeasible ” in the sense that no manpower policy can be found to
meet all these objectives simultaneousl y. Penalty weights are assigned to devia-
tions from a subset of soft constraints and the total sum of these penalties is
minimized subject to the remaining set of hard constraints. For several years, the
Office of Civilian Manpower Management has been developing goal programming
for managing the Nav y ’s civilian labor force. This development has been conducted
by Charnes, Cooper , and Niehaus.

A Markov chain transition matrix is used to predict the flow of peop le between
civilian GS levels , between broad skill classes, and out of the system. Decisions are
to be made on RIFs from each of the state space categories and fires in each period
over an intermediate planning horizon. Real costs, operating constraints on staffing
requirements , and penalty costs for deviations from constraints contribute to an
objective function to be minimized. Linear equations and constraints and a linear
objective function make up the simpler of the models where solutions can be found
by using linear programming codes.

The OCMM series of models are being used currentl y in civilian manpower
planning. Both interactive computer terminal input or batch processing mode
models of the Navy ’s civilian work force are in operation.

The most ambitious application of goal progr amming to a strictly military
personnel problem is the model being developed for the Army by Systems Automa-
tion Corporation. The model is to be used as an adjunct to the setting of reenlist-
ment bonuses in the Army by determining reenlistment objectives for every mili-
tary occupational specialty. The value of the goal is a weighted average of three
factors: deviation from manpower requirements , deviation from “desired” promo-
tion policies , and the costs of m anpower. The model is undergoing testing and
development but is not yet in operation.

Input to the model is the “objective force ” as determined by simulation runs
of the nonoptimization models. On the other side , input of the actual force as
projected by other nonoptimization models is made. Accessions and reenlistment
objectives in the form of goal programming constraints are obtained by comparing
these two  forces. Goal programming is used to provide a means of balancing the
deviations from constraints with true economic costs of the various policies.

Besides the size and expense of running goal programming computer programs .
goa l programming is limited by the arbitrariness of assigning goals and of app l y ing
pena lty weights to deviations from these goals. What is to determine “desired”
promotion polici es , for instance , and the true cost of not realizing them? Neverthe-
l ess, the fhct tha t  goal programming can be misapplied is no true argument against
it .  lf ’ t here is a hasis f i r  sett ing goals and assigning costs , t hen goal programming 
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can be a powerful and useful technique . as Charnes . Cooper , and Niehaus have
demonstrated in civi l ian manpower management.

An Enlisted Personnel Projection and Simulation Model , EPPSM , was deve l-
oped at the Center for Naval Analyses. The flow of personnel is described by a
longitudinal  transition model characterizing the force by length of service and
entering cohort. Linear equations result from a deterministic view of such models.
These equations are the state space relationships of the law of motion. Effective-
ness . a concept related to military productivity,  is assumed to be a simp le linear
function of the force differentiated by length of service.

Over a finite planning horizon , a variety of pol icy decisions are contemplated
as variables. Because the model has only-been designed , not completely built  and
certa inl y  not tested , it is impossible to guess exactly what decisior~ variables are
planned. Since development of the model has stopped , it is unlikel y th at we can
expect an~’ complete model.

The EPPSM model resembles COPLAN in using long itudinal flow to character-
ize the manpower system. The manpower constraint takes the form of a linear
production function that encompasses, for i nstance , the simple total strength used
in COPLAN. The costing system design was not completed at the time of our
survey , but would include retirement , training, and generally a complete range of
manpowe r costs. The exact decision options to be chosen were not decided upon but
force composition was the resultant variable. Computationall y, the optimization
methodology was thought to be goal progr amming. We chose to include the EPPSM
even though it is relatively incomplete , because it is one of the few optimization
attempts within DoD manpower modeling.

Force Efl’iciency Models

Force efficiency models examine the global manpower/ personnel policy with
the objective of efficient manpower utilization. Usually, only one form of policy
variable can be considered because of practical limitations. Such models find use
in setting the global constraints and prices to be used in the divisions for decentral-
ized decisionmaking.

Two models , the MAD-P system within ADSTAP and the Rand model on opti-
mal enlisted force composition , are grouped together as force efficiency models. The
EPPSM model of CNA is also concerned with overall force efficienc y . ADSTAP is
a large and ambitious enlisted management modeling system that contains a num-
ber of models. One subsystem called MAD-P , consisting of four models , is of interest
in this review of optimization models. It can be used to determine optimal steady-
state force composition by LOS and grade on a specialty by specialty basis. One of
the four MAD-P models is ASTATIC, a steady-state projection model that  uses an
imbedded Markov process to describe the flow of manpower. The inputs to ASTAT.
IC consist of loss, attrition and reenlistment behavior , promotion policies , and a
force size l imitation that can appl y to the enlisted Navy or to a particulat - specialt y .
The output is a distribution of’ personnel by length of service and pay grade. The
second MAD-P model , called the Elasticit y Dependency Model , i s a manpower
supply model that relates retention behavior in a rating to the amount . of the
first-term and the second-term reenlistment bonus. The relationshi p between the
level of mi l i t a r y  compensation and the proportion of men reen lis t ing is a type of
reenlistm ent supply funct ion. This model can also e st imate  the costs ofa reduction

_ 
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in force (R IF ) . which might be thought of in terms of the separation pay penalties.
The third MAD-P model is a manpower costing model that gives the cost of a given
configuration.

The fourth is a util i t y model that assigns a level of uti l i t y derived from having
a person with a given length ofservice and a particular pay grade. The util i ty levels
were the outcomes of a Delphi experiment , in which Naval officers were queried
on the ut i l i ty  of personnel in a given paygrade with different lengths ofservice 123].

The MAD-P optimization algorithm determines the optimal distribution of
personnel by grade and length of service by finding the force that is consistent with
the minimum cost per utile while meeting various operating constraints on man-
power requirements. It is linked with the four models mentioned to determine such
policies as those on bonuses, loss and retention rates , and enlistment rates for a
specialty (rating ) in the Navy. The system is undergoing continual development
and present versions are in current use in planning the Navy ’s enlisted force.

The Rand model features a broad level of aggregation and addresses an ab-
stract or theoretical (as opposed to directl y practicable ) manpower management
policy. This research effort has produced a manpower model that attempts to find
the best composition of the military enlisted force in the long run or steady state.
It is designed to find a wage schedule and resulting force composition that maxi-
mizes steady-state productivity for a given militar y manpower budget. Thus ,
rather than analyze bonuses per Se, the model considers , as a variable , the entire
military pay system including retirement. This objective is closely related to the
economic concept of productive efficiency, which would imply a policy with the
maximum output for a given cost , or , alternative ly, the minimum cost of produ cing
a given rate of output. The model treats military compensation , and thus the
resulting rate of enlistment and reenlistment , as variables. Enlistment and reenlist-
ment rates are directly linked to military compensation in the model through
manpower supply functions.

This model seeks to determine the optimal composition of the military enlisted
force aggregated by term of service. The optimal force is defined as that force which
provides the greatest mil i tar y capability for a given budget cost. Productivity is a
function of the force composition used to represent overall military effectiveness .
Since individual military personnel differ in both productivity and wage rates ,
differences in force composition affect both military capability and manpower costs.
Pay grades are not explicitly identified within the model ; consequently, promotion
policies cannot be evaluated. Rather , the model was developed to explore the
imp lications of different militar y supply functions and productivity measures for
the optimal steady-state force structure.

A steady-state model of the flow of personnel through the terms of service is
constructed. An optimization model chooses military compensation levels that yield
the optimal size and composition of the force. An operations research technique
called gradient search , a type of nonlinear programming using a computer-based
algorithm , is used to find the solution to the problem.

Expansion o l t h e  model is under way to in clude the dynamic or time-dependent
force composition. The stead -state version was completed , tested , and then used
for il lustrative purposes to demonstrate the applicability of such models and basic
assumptions in m i l i t a r y  manpower planning.

_ _
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Current Model Roles in Decisionmaking

The 26 models we have examined , and their close relatives , are useful in direct-
ly addressing a number of issues. These are usuall y the most visible and crucial
policy issues, such as those governing promotion rates, accession or attrition rates ,
retirement systems, and retention rates. Nonoptimization models can be used to
test the effects of such policies on the output measures of length of service , grade,
and skill-level force distribution. If needed , other outputs in the form of costs or
military occupational specialty breakdowns are also usuall y available. Optimiza-
tion models focus on one or at most two policy variables and optimize some function
of the LOS distributions or costs subject to operational readiness requirements.

A variety of indirect issues have arisen in develop ing and testing these models.
One is the importance of productivity measurement. of military effectiveness. Most
model builders have not appreciated the delicate relationship between require-
ments constraints and implied productivity. While including firm constraints on
requirements , modelers too often implicitly make a productivity assumption tha t
is unrealistically rigid. In the hierarchy of decisionmaking the model plays an
important role in setting all types of constraints such as this. This list of indirect
issues includes retention behavior as a function of manpower policy and other ’
outside factors , and the effects of the retirement system on retention .

Use of Models in the Decisionmaking Process

We sought to answer four important questions about DoD manpower modeling:
Are models actually applied to manpower management in DoD? Are the models
useful to managers and decisionmakers ’? Are the results actuall y used? Do man-
power models contribute to the efficient management of mil i tary manpower?

The answers to the first three questions are clear. DoD manpower models exist:
t h ey are opera ted by government offices; and the results are used , part icular ly in
grade management. In fact , the official personnel p lans o f the  Army , Nav y , and .\ir
Force are the outcomes—in some cases, the actual computer output—o f models.
But these simple answers are somewhat misleading. Most of the models used are
nonoptimization models of the TOPLINE variety ]24 1, although the Navy is begin-
ning to use the ADSTAP system and COPLAN and the Army is experimenting wi th
the SAC Objective Force Model. In a t y p ica l app lication models are run i t e ra t ive l y
hundreds of times, incorporating difièrent. sets of assumptions and simulat ing the
effects of alternative policies. The model user’ then exercises his judgment in select-
ing the one plan or policy to be implemented. Because of this method of operation .
it would be stretching a point to say that models determine policy. In a sense models
may be only computational aids , hut they really have much more pot ential va lue
than that .  Models serve as an educational tool; they help managers to understand
the essential characteristics governing the functioning of the mil i tary personi el
system. Through a trial-and-error process model users learn about infeas ih i l i t i es
and tradeoffs among different types of policies. Thus , managers are able to develop
an i n t u i t i v e  f~’el for the system prior to exei-cising judg ment.

As we have noted , not much operational experience has accumulated wi th
optimization models in the manpower environment.. It seems unl ikely tha t  the  wil l
gr eat ly simpl if ,v t he decisi onmaking process or rep lace the judgment of managei- s.
F’or one thing. I he model user ordinar i l y  has a wide lat i tude of choice anmng model 
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specif icat ions and can make mult i p le runs that  produce ( 1rf ~er’ ent outputs .  More-
over , it seems hi ghly u n l i k e ly  tha t  t he manager wi l l  t reat  a mode l as a black box ,
aut omat i ca l ly  accepting the output  as va l id , as one mi ght do wi th  a radar set or an
iner t ia l  navigat ion plat form. More l ike l y  he wi l l , as he should , l i v  to square the
outcome wi th  his  in tu i t ive  judgment; if ’ he cannot , he wi l l  probab ly ra ise questions
about the model ’s logi c and assumptions and about the appropriateness of’ its
answer’s to the quest ion at hand. This does not mean , of cou rse , that  opt imizat ion
models a r e  unl ike l y  to be valuable. They will  be. Occasionally, too, t h ey are sure
to produce novel or unexpected suggestions that mi ght otherwise never occur to
dec isionmakers.

As for the final quest !en . it is too ear l y to ~~ definitivel y whether manpower
models contribute to efficient manpower management in the DoD. Clearly , how-
eve r’, they hold great promise f’or doing so by improving human decisionm aking,
as models have already done in su ch  areas as inventor y control , queue ing, produc-
tion scheduling and planning,  and logistics. .\s vet , h owever , manpower models
ca nnot truly be said to have contr ’ibuted to effic ient manpower management. In the
one a rea in which they ha~ e been most heavi ly  app lied—grade management—the
recommended po l icies for pro motion and retention seem to be di st in ctl y su bopt i .
mal. The mi l i t a r y  services have indicated their  intention to rel y more heav il y on
inexperienced personnel and thereb y accelerate promotion r ’ates in the career
force. This seems to be a dubious s t ratagem , ju dging from both intui t ion and the
resu lts of ’ t he Rand enlisted for’ce model; it apparent ly fo ils to recognize that , wi t  Ii
the advent  of t h e  a ll-volunt eer ’ force, inexperie nced personnel have become mor-e
expen~ive than  the~’ once were and the supp ly is less predictable. This is no more
than  an educated guess . however , and does not negate cit hi er ’ the potential worth
0

’ m. ir )p ower models or t he  r ea l  progr ess t he DoD has made in appl y ing them.
It is c lear ly  desirable that the DoD continue its manpower modeling effort in

o~it i n i i z a t i o n .  Even though few of i t s  models have attained an~- r egular usage (many
a r e  s t i l l  incomp lete and unusable ) , the~- have dir ected the th ink ing  of model build-
ers  towa rd  th e inter -actions . key constraints , and objectives in the  operating sy stem.
Thic ’ need for’ further’  analy s i s  of these components and the need f’or ’ specific new
research on p r o d u c t i v i t y  and labor’ supply are evident.  Thus fur , in sum , the pri-
m~r i’~ benefit  t o t  he DoD f’r’om optim iz~it ion manpower ’ mode ls has been educa t iona l .

Limitations of Current Optimization Models

Because the DoI) ’s opt imiza t ion  models var -v widel y in their’  assumptions , tech-
niq ues . qu al i t ~ . and pract ica l i  Lv , it is difficult  to ar r ive  at comparat ive  jud gments.
For- the t ime  being. o n e  is largel y confined to com ment ing on the  ad~-i sab i l i ty of ’
eac h model ’s pui ’post . i ts  success , and its omissions and er ’I ’oi’s. Al l  m odels , however .
idealize and simp lify real  processes arid the r e f o re  encount e i ’ s imi l a r  stat  st ca I and
va lidation di fTic u t t i e s .  The opt imiza t ion models consider ’ed her’e a r e  s t i l l  being de-
veloped or’ have not advanced enough for’ validation exper iments  to be condu cted.

Al l  opt m i i  zat ion mode Is except ti - r e Rand enlisted force model are in t ended f ’or-
imp lementation wi th in  sonic branch of ’ the  se rv ice ,  They embody operat ional  con-
st r ’a int s  of th e  (h a v- t o -d rr V manpower sy stem.  Var ia t ions  wi t  b in the ex i s t ing  sy stem ,
such as accessions . var’iah le re enlistment bon uses (VRBs ) RI F’s, etc., are the  poli cy
variables.  In sy stems subject to large number ’s of constraint s , such is t he  mi l i t a m ’  
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ni rnp o~sen ~ t c i r i  no h i- . ih ic  polic~ I hi k d~ t o  ~~~ f ound  tha t  ~ il l x i t i ~~f~ i i i
const ra in ts  \%e beh~cve I t is impor tan t  to v a lu a t e  t o e  efl ect s  of these operational
coii~-t r . r r n t s  t s t e  cs hat a f ree l y  Operat ing svsiei ’i w v i i h l  he— l ike arid esu : i t a te  w h a t
thc ’sc- coro ’ t n i i n t s  c ost in tc r r i ~s of lost dollar ’s or prod ucti v t \

The fewer c o O 5 ! m i i n i ~ in a model , t he easier i~ is to v e r i f ~ and va lidate the
model ~ pred ic t ive  abi l i t y ;  but if ’ i t  appear’s r~c t e s s a r v  tc. add a r t i fh ’ i a l  constraints
to  a model to n~ake it real ist ic , the model should b r e v  ‘sod or discarded. The
author  ~ of ’ th e  .Al ) ~ ’r:\ P report note the danger of’ a dding const raints for tha t
r-eason At the  ot her extre m e, i f operational constr ~.ifl t ’; are So numerous  and so
st ructure d :15 to preclude all or most feasible solu t i on s, n~t true opt imizat ion of’
oh~r c i r v e s  can be made. Goal pr ogr amrn mn c is used in . t h r e  of ’ the surveyed mode ls
t i  f ind ~t r a t iona l  V. av  of ’ v iolat ing t °ese goals and so : i rh i e ’.’e son ré sort of near ly
feasible po ltc-v.

The Army ’s OF ’M m odel on the use of the se l ecuvc  reenlistment ionus to
ac hieve t i n -  objective ~i il iste d f’orce is si m i lar to t i r e  goal programming used by
\ ic ’l i i i u s  fbr  the .\‘avy ’s Office of C i v i l i a n  Manpower Management. The basic ap-
proac h is clear l~’ a suboptimization w i t f i ~n t he larger-scale manpower system. Man-
power requ irements over the time horizon are specified intuit ively in a decision
hierarch y a bove the modeled sy stem , an d hire-and- fir -c policy decisions are made
to meet these constraints as closely as possible , with some loss function penalizing
deviatio ns from requirements. Real-cost estimates of hiring and firing are esti-
mated and help to avoid frequent personne l changes. Since there is no way as yet
to eva luate the true monetary costs of failure to meet requirements , the combined
“goal” is still a subjective measure of per formance.

Goal programming models can be extremely usefu l decision aids for depart-
ment managers at an intermediate level when hi gher authori t y  has dictated re-
quirements and/or penalty costs, However , these models fail to address what we
regard as two of the most important issues in manpower p lanning. One is the ability
to determine requirements and assess military productivity under changing force
budgets and manpower size. The other is military manpower ’ supply.

The Rand enlisted force model , which was designed by two of ’ t he aut hors of
this survey, differs from the other models in that it was developed to answer some
genera l questions about the optimal long-term structure of the force and not to
serve as an on-line , operational guide to current policies. This model , or an expand-
ed version of it. can be used to test major policy changes affecting the retirement
vesting system , first-term lengt h, and Congressional manpower constraints , and
thus lend support to arguments for adopting these changes. The model evaluates
the long-run force .ond “aries compensation to achieve maximum force productiv-
ity.  It should not be used in its present form for short-term manpower policy. The
research stresses the importance of measurem ent of military productivit y to be
used in place of standard requirements and the importance of variable enlistment
m d  reenlistment behavior as a function of decisions on retirement , compensation ,

etc. Before manpower planning models of this t ype  can he used to hel p high-level
policy planner s , research into these re lation shi~;s . which are fundamental  constitu-
ents of’ a true optimization m odel , must be conducted.

The ADSTAP s~stem of models approaches the id€a l objectives c f  optimization
models set f’orth earlier and in (‘hap. 4 below , Pr oduc t ivi t y  is measured using a
linear production function with pa rameters f ’rnrii a seri4 s o f ’ l e lp hi quest ionnaires .  

~~~~~~~~~~~~~~~ --
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Cost is made a function of retention or continuance rates as determined in the
model based on deviations from historical norms . Significant effort has been made
to est ima te  real parameters and make the system operational , al though there are
sub stanti a l empiric -al prob lems in the estimates made. The measure of performance
currentl y in use cost per utile of prod uct ivi t y)  is not the fundamentally correct
measure of ’ per formance and requires an added structure of supports in terms of
require ment-type constraints to avoid reaching trivial solutions. W hile this prob-
1cm cannot be easil y overco me, the system of supporting models wi th in  ADSTAP
and MAD-P can remain unchanged when a new objective function and revised
method for est imating productivit y are devised. Chapters 5 and 6 contain a com-
plete discussion of the problems in using the ratio of cost to utiles as an objective ,
and supp lementary material appears in the appendix.

The Enlisted Personnel Projection and Simulation Model developed at CNA has
a lso addressed productivity and manpower supp l y through variable enlistment and
reen listment. The model apparently offers the added advantage of being able to
ca lculate optimal accessions over a shorter time period (the optimal dynamic
polic y) . Some of the design concepts are imp lemented and runn ing on an APL
computer program, but work on this model has ceased and no final report is expect-
ed. Consequently, a va ‘~ sessment of the model ’s poten tial cannot be made.

While the Rand wo. rid ADSTAP have used nonlinear functional relation-
ships to solve for steady-state optimal decision rules , the CNA approach was to
ma ke linear assumptions about productivity and supp ly in order to find a dynamic
solution. Difficulties unlike l y to be overcome preclude the use of models with realis-
tic nonlinear functions and time-dependent (dynamic ) variables , the chief diff iculty
being th e  overwhelming computational burden ,

COPLA N , the UC Berkeley model of accessions in the Navy enlisted force ,
difièrs sharpl y from the CNA optimization model. Requirements in the chosen skill
category must be specified for each year of the planning horizon. Retention behav-
ior is made time-stationary and is assumed to be independent of cohort size and
military compensation. The Berkeley model considers total accession costs as the
cost objective to be minimized. However , total compensation is a more relevant cost
measure from the larger-scale perspective.

Because requirements are again assumed to be invariate , it is possible that no
solutions can be found. This model has limited applicability, being oriented primari-
ly to accessions planning rather than managing the entire enlisted force,

Optimization models art ’ unique among manpower models in being required to
describe the effects of policy decisions on personnel flow, Often , however , eit her
ignorance or the desire to maintain simplicity has caused this relationship to be
neg lected and feedback of policy effects t h a t  would be valuable to the model have
been lost. One criticism we have is that these implicit relationships representing
unmentioned assumptions should be presented more specifically and clearl y.

Of the many DoD manpower models, by far the most have been nonoptimiza-
tion models used in a descriptive and predictive mode. Many of these , however ,
have found increasing use as policy simulators with which p l an ners can test the
effects of policy alternatives. We have included such models in our survey because.
although they do not perform internal optimization , they can be used iteratively
to improve pol ic y .  We believe it a major flaw , however , that  nonoptim~zation
models accept historical accession and retention behavior as independent of policy 
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changes. This simpl y is a bad approximation of reality. Requirements and con-
straints are especiall y important. Grade management models , for instance , insure
a junior force and inadvertently maximize accessions requirements because of the
firm requirement for supervisors in grades E7-E9 and use of historical transition
rates.

Each optimization model must be restricted to a workable subset of the thou-
sands of types of decisions that planners can make. These primaril y have been
those modif ying the force distribution by changes in retention rates , pay-grade
managemen t , career field , and training area policies.

Similarl y, the number of real objectives is large and must be limited. Most
models have been restricted to consideration of the long-run steady-state policy.
The basic objectives of any military force are to maximize some measure of effec-
tiveness within the budget available or to minimize the cost of achieving a specified
level of effectiveness. These objectives have been translated for inclusion wi th in
each of the models in many ways , some correct and some incorrect. Furthermore ,
models may not be concerned with the complete manpower system but rather a
subsystem. Policies determined by such models are suboptimal. The use of’ both
faulty objectives and of suboptimal policies should be avoided.

Traditional and legal operating requirements have been placed on manpower
systems, limiting the scope and type of policy variables. However , in the long run
and particularl y in large-scale planning, a ll manpower policies and regulations
should be considered as open and subject to change. These include retirement
policies and policies setting compensation through changes in bonuses, specia l pays,
and fringe benefits. Changes in p hys ical and mental standards and cap ital versus
labor tradeoffs ought to be considered variable as well. It is ironic that models
whose main applicabilit y lies in long-run p lanning ignore some of the most impor-
tant long-run policy variables.

Often we found that current models of operational systems indicate that the
manpower’ system is simp ly overconstra i ned , and thus no feasible policy exists , let
a lone an optimal one. In the long run , it is reasonable to relax many of these
constraints ; in the short run , no feasible solution exists. Optima lity must be re-
defined , muc h as has been done in goal programming. The danger there lies in the
use of these arbi t rar y objectives , which have arisen by concentrating on require-
ments rather than productivity. In general , all optimization models have serious
practical limitations. The simplicity necessitated by compu tat i ona l requ i remen ts
l imi t  t l i r  models ’ operat ional usefulness. The dynamic (short-term ) optimization

tm esired for dail y use is difficult  theoreticall y, but some a tt empts have been made
to develop adequate approximate methods of this system.

In summam ’v . t h en , some criticism can he leveled against the current state of the
art as d isp layed by the six optimization models. Validation of ’ the component parts ,
part .icu lar’ lv in descri ptive models , has not been made. Thus potential  user’s have
no idea w het her ever the indicated direction f~ r change specified by t he  model w i l l
produce beneficial results. Validated models would allow s t a t i s t  ca! confidence in
pre dict ions and re~’ommeridations. Admit tedly ,  few m odels in ‘~t h e r  ho lds besides
n r r l r t a r v  manpower’  are validated proper ly befor ’e use. limo . re pri ’sen r s a serious
sh o r t  ‘Dmi r l g  . evi dence ofan overanxious model bui lder -—that  is not peculiar  to th e
manpower’ fi e ld.

Val ida t ion  of r m a n o p t i r n i z m i t i o n  mo ilt Is dot s riot ex tend  s imp ly t o  the r m’ descr ip—
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tive  or predictive abil i ty.  These models are finding m nc ” emts in m ~ use as policy simula-
toN . Part of’ the benefit from exercising models in this mode is the t ra ining and
education it offers the user’ . The user learns what  to expect from policy changes,
how the manpower flow s~ steIn react s ovem’ the transient period , what the long-run
imp licat ions are , what constraints h :rv e effect , w hich are violated , and so on. The
impri cd usef u lness of t h is role must itself ’ be validated , to answer the question of’
w }ie th t ’r  a user gains bene ficial manpower management experience by participat-
ing in a simulation. Management gaming in business schools has produced both
posi t i v e  and negative results. No one has yet made a comparative study of business
an d m i l i t a r y  gaming , hut our ’judgment is that use of’mi litary manpower simulation
models is beneficial on the whole.

Use of the wrong objective funct ion is another common fau l t .  This is to be
distinguished f’roni a suhoptimization objective that m a y  not fit. opt imally wr th i n  a
larger f’rame of refer  en i ’e. The use of ’ cost-bene fit ratios as an objective to be mini-
mized is notorious for creating more problems than it cures. Hitch and McKean ~25 ,
pp. 166-1’i 7 discuss cr iterion errors of this form :

To maximize the ratio of’effectmveness to cost may seem a plausible criterion
at fir st glance but it allows the absolute magn itude of achievement or cost
to roam at will. Surel y it would be a mistake to tempt the decision-maker
to ignore the absolute amount. . - . In fact , the onl y way to know what such
a ratio really means is to tig hten the constraint until either a sing le bud get
or particular degree of’ effectiveness is specified. And at that juncture , the
ratio reduces itself to the test of maximum effectiveness for a given budget .
or a specified effectiveness at m inimum cost , and might b etter have been
put that ~vav at the outset.

In defense of the cost/utile objective, the ADSTAP author’s claim improvement
in computatio nal speed at the loss of a small error ’ in the final policy. This claimed
improvement has not been demonstrated by ana ly t i c  proof ’ or by simple examples:
in fact the contrary seems indicated.

Many of the models are suboptimization mode ls designed for  operation in a
lower echelon in the  hierarch y of ’ deci sionmaking. In th is  envir ’onment man y re-
strictions . regulations , and costs i r e  i n v a r i a t i .’ to ti m e po hcvni aker.  Suboptimiz ation
models pla y a correct and valuable role here. Our’ cr i t i c i sm is that these models
have not adequatel y set the stage of ’ the  ‘ lec is omrm ak in g  envir - onm ent  where tire
model is app licable. Omission of th at .  gr oundwor k in the  report s  ha’~ misled the
reader into th inking  that these models have  some global m a n g e  of use.

imprope r ’ use of di sc ounting of ’ future costs was f o u n d  in one case. This ~ ould
produce a fh u l t v  objective funct ion and Lao I t decision s Al l  model b ui ld er s  must
ta ke cam’e to evaluat e the pri st r i l  ~ orth ‘ r o t  expected or es er i t  wort h in stochastic
sv ste m sm from the point of’ v iew o f t h e  g o v e r n m ent l ) l : m n i r n ’ r ’ . This  is t he  most impor-
tant  cost measur ’e of per formance of any sy s tem , and only under’ ce r t a in  ( ‘Ondit ( i l l s
ire av( ’r’ agt ’ costing methods app lic al) le . Fu r ’t he ; ’ mu st ’ ’ i ssion of ’ t he  misuse of ( Irs .

counting appears in an appendix.
Because good documentation of’ models rs l o ck ing ,  the t r an s f ’em , i l m i l i t v  of models

omit! expans i on  of’ the  si ate  of the  a r t  lags the development of models. We bel ie ve
the field would benefit  f’rom improved docu mt ’nt ; i t iom i s . cr l f  ica l  i ’cvre w l iv  qua l i f i ed
colleagues , and genera ll y mnc ’re a s e mi commun i( ’ ;i l ion of’ ih as mim n ong  I)ol) manpower
miiotlt k’rs I h€ ’st ’ (t eas arc ( ‘xptinde d in (‘hop. 4.



Chapte r 4

RECOMMENDATIONS AND CONCLUS IONS

ISSUES ‘I ’HA ’f SHOULD BE ADDRE SSED

This chapt er summarizes the important factors to be included in mil i tary man-
power mod e i ing and concludes with genera l r c ’commendatr on s . Rather than de-
scri be what  hr~s been done and repeat why  it is both good and bad , we take the
prescriptive role and try to formulate concepts for model builders. This will hel p
to produce super ior models within the general philosophical view of Chap. 2. w hich
descri bes force efficiency and the military decisionmaking environment.  These
factors and concepts need to be addressed exp licitl y during the development of
manpower models

The hierarchy of the management system within which decisions are made
must be described when develop ing a dec ’sionmaking manpower model. Omitted
from most current models , it has been left to the reader ’s experience and intuit ion.

The model builder must first clearly describe this system and then discuss how
anti why all the crucial assumptions of the model are decided upon. These assump-
tion s concern the constraints , req uirements. and costs accepted as given by some
higher level control. They are the result of this hierarchy. The planning policy that
a model is designed to address is again a function of the management hierarch y.

For transferabilit y and adaptability in other situations and different times , the
model builder ’s assumptions must be clear and explicit. Too often they are imp licit.
When the model builder fails to depict the decisionmaking environment being
rtiodeled , the consequent difficult y of ferreting out the implicit assumptions severe-
lv l imits  the model’s transferability and range of usefulness. Fven explicit assump-
tions often seem absurd if they are glibly stated without reference to the decision-
making framework .

Every model builder must keep in mind that the decision process being modeled
fits as a subset into a larger decision process, and therefore is at best a suboptimiza-
tion. Decentralized decisionmaking is characteristic ofthe military manpower plan-
ning process. The assumption set forming the basis for the model is a direct result
of that decisionmaking environment. The relevance and accuracy of these assump-
tions, arid therefore the m odel itself, can be judged only in relation to this decision
hierarchy.

Productivity assumptions are important even when m ade imp licitl y ,  as was
done in many of the m odels reviewed. Requirements comistraints , total mannin g
levels , constraints on the numbers of E-9s , etc., are examp les of implicit  productiv-
it ,v assumptions made in lower-level manpower decision systems. The tradeoff of ’

personnel with different characteristics in terms of’ a contribution to var i ous tYpes
of mil ita r’y effectiveness or output is the important measure of produc t i v i ty

We have seen a range of assumptions in the current class of models Linear and
nonlinear product ion functions were used successfully in several mode ls. Require-
ments constraints were used in models far ther  down in the management st ructure .
Even total mannin g level const r a i n t s  r epr t ’st ’nt assumptions on p rodu t ’t iv i t v  of ’
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given force composition. In the large picture military capital equipment and man-
power are the two principal determinants of military output. In this larger field for
such decisions , the tradeoffa llocations between money and ships or between planes
and people would be addressed.

The fact that military effectiveness or productivity is difficult to measure and
cannot be measured completely by a simple single-valued function of the force
composition does not mean it should simply be ignored. In the real world , managers
base their decisions on intuition and experience and judge tradeoffs between re-
quirements and effectiveness. In doing so they implicitly measure military man-
power effectiveness. Any manpower model purporting to improve decisions and
policy must address the modeling of military productivity.

Supply of manpower to the military is the second major area needing thorough
study before manpower models can properly be judged adequate. Prior to the AVF ,
demand determined the supply of first-termers. Now the entire law of motion
describing the movement of personnel through the system is based on the supp ly
of volunteer manpower. Theories based on behavioral and economic principles can
be used to predict accession and retention behavior as functions of decisions affect-
ing such important policy issues as military pay, tour lengt h , rate of promotion , and
retirement options.

Most of the current DoD models predict supply on the basis of elementary
extrapolations of current real retention. Although this procedure is adequate in
certain descri ptive or predictive models, any model purporting to suggest changes
in manpower or personnel management policies must consider how policy changes
will affect the supply of manpower. A simplistic approach is warranted in certain
suboptimization models of decentralized subsystems, but supply relationships , no
matter how elementary, must be made explicit in most models.

The retirement system offers an important monetary incentive for retention in
the services. Policies that affect retirement , the proportion retiring, or the basic
system, in turn affect the supply of military manpower.

Enlistment and reenlistment bonuses and specialty pay are currently feasible
ways to change the effective pay of different categories of people in service; they
also affect retention behavior. The supply relationship is a function within the
model that estimates the actual retention fraction for all of the bonus distribution
options.

Costing methodology is a deceptivel y complex problem in manpower modeling.
Discounting is a well-known technique for obtaining present value or cost measures
for decisions that affect costs over periods to time into the future. Care must be
taken to measure only the actual cash flow in each time period from the govern-
ment , which is to be viewed as the decisionmaker , and to discount this flow of
dollars properly. Its application in military manpower systems i5 dependent again
on the way the model fits into the hierarchy of the larger decision environment. In
some cases a budget constraint for each year is handed down , and total costs must
be kept within the budget. No discounting is used in this type of suboptimization.
Instead , a cost constraint is used. Under other conditions it may be relevant to
examine average annual cost as a surrogate for discounted costs. These alternative
costing methodologies are not interchangeable without careful analysis of each
situation.

The objectives of manpower management vars ’ wi th  the si tuat ion.  Short-term
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versus long-term considerations must always be balanced. Risk is always present
because of natural variability (randomness) and lack of adequate estimating data .
The model builder attempts to develop a simple measure of performance as the
objective to be optimized but is always faced with multi-attributed measures of
performance in the real world. Consequently, it is easy to criticize any given set of
assumptions. Both the objectives of military planning and measures of military
effectiveness are multi-attributed concepts. Model builders must make reasonable
simplifying assumptions and clearly motivate them for their models to have any
value in military manpower planning.

Managers make decisions in the light of objectives, some of which are quantifia-
ble and others not. The model builder , after structuring the decision hierarchy and
gaining experience with the real environment , is well prepared for the challenging
tasks of quantifying the objectives of military manpower management.

In summary, a successful model builder will

• Describe the decisionmaking hierarchy and , in particular , the subsystem
where decentralized decisionmaking is to be improved.

• Make explicit assumptions as appropriate in the modeled environment on
— Productivity measures of military effectiveness
— Requirements and constraints
— Supply of manpower
— Costing methodology
— Management objectives.

All military manpower models hoping to improve decisionmakin g on more than
a one-shot basis should include discussion of these issues and motivate their as-
sumptions. The key to improvement in modeling will lie in increas ing the communi-
cation and transferability of models. Only then will mistakes be recognized and not
be repeated and the art and science of manpower plannin g grow .

RECOMMENDATIONS

We have found the current state of the art deficient in the  several aspects
discussed in Chap. 3. Recognition of these deficiencies , mode lrr:g failures , and
chronic problems is the first step toward improvin g the quali ty ofmai ~power niodel-
ing, and we hope this review will promote such reco gnition.

Below , we present policy recommendations for both model builder s and t h e i r
funding or sponsoring offices. Our recommendations are based on the discussions
and observations that took place during the course of the proj ect. Our p r i m a r y
sources of information were the written reports available on the models and our
discussions with people in meetings amid over the telephone during the  last tw o
yea rs.

We offer our policy recommendations as potential prescriptive requirements to
be laid down by funding agencies and as objectives for model designers.

Model builders should identify the level of’ modeling in terms of it s p lace in an
organizational hierarch y. Most models currently in use are suhoptimiz ation
models; global optimization is nonexistent as vet wi thin  the  DoD. Once the  level is
identified. the l imi t s  ofapplicabili ty of the model should he defined . W i t  I on i t s  leve l .
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a model should he as general as possible , so as to a ll ow t he application to be defined
by input pam’ameter specifications from a higher level. Care should be taken to avoid
inappropriate transfer’ of the model to the wrong operating environment.

Model building for its own sake should be minimized. Basic research may
sometimes require the support of experimental modeling, but major endeavors
should be justified by iitatements of need, estimates of development and operating
costs, and anal ysis oi’ benefit~ returned from imp lementations. It is important to
begin small—to begin by working wi th  proto types on subsamples, developing hypo-
thetica l cases to test basic algorithms and to determine if the model’s results are
appropriate to the questions that need to be asked. Frequently, it is not known what
output  is really needed unti l  initial experimentation with a working model is com-
pleted. Emphasis on working small in prototype modeling allows for modification
and testing before a large investment is made in personnel resources, computer
operation , time , and money .

Before a large endeavor is undertaken , p l a n for opera t iona l use of t he model
after development and testing should be required. This plan may include a discus-
sion of what part of the planning organization will use the model , what computers
are available , who will  interpret the results, and particu lar ’l y important , who will
take over as the driving force once the principal researcher has moved on,

Even with a well-developed p lan for operational use , there will inevitabl y be
cont inual revisions of data input for parameter estimates and report writers , and
other refinements. A facil i t y for such operational changes should be demonstrated.
Programming teams with head program mers who write code using standardized
structu red pt ’ogramtning te chni ques an d modular construction will produce read-
able code that minimizes debugging and facilitates modifications. User orientat ion
should be em phasized in design specifications. If input is elaborate , an input inter’ -
face module that tests and checks input before execution should be wri t t en , espe-
ciall y if the model is to be used h~’ p lanner’s and other non-computer-oriented
personne l, Continued smooth operation of the model �ibso lute lv requires amp le
comments . var ’iable dictionaries wri t ten in the code , and ~ve ll- wri t t en , comp lete .
precise docurn emitation. Written docum entation for al l  DoD-spon’;or ’ed personnel
should be required , and budgets should include salaries for’ program l ib r a r ians  wi th
technical wri t ing abi l i ty  whose pur ’pose wi l l  be to assist programming s t a f f w i t  Ii a l l
documentation-related ac t iv i t y .

Model docu men t at io n is a c h ron i c prob lem tha t  ~ i l l  be solved onl y by placi n g
requirements  on the type and q u a l i t y  of ’ the tech n ical reports to be pt’oduced. Good
documentation encourages comments and open ornm i iu ni ica t ion hetwe en mod elers.
A forum whet -c models can he discussed and const ruc t i ve  c i  it i c i smn can he solicited
will  encour ’age a high level  of technica l  (‘orupetence in DoD modeli n g Hidden ,
secret , or ambiguous sm’~ mcrìt s used wi t  Ii in a larger model do not f l irt  her the
development of DoD manpower techno log\’ and should be discour aged.

We hope we have  succeeded in providing a svst em ;it  ic and comprehensive
r’ev iew of th c important modeling conti’i but ions made to da te , and in setting ( in ’
stage for improved manpower modeling over’ t h e  next f ’t ’~ y ear’ s. The a l l -volunteer
fb rce is at the center of’ t he stage and efficient m anagement  of ’ m n i l i t ; i r ~ ma np ower
is the pr inc ipa l  objective. In spite of’ our  c r i t i c i s m s  of’ t he  curr ent st a te  of’ the ar t ,

l i t ’  prospects for ’ enhancing t h e  efficie n t u s e  of’ 1) 1) 1) n ianpo wer  t ht ’ou~ h model ing
are ex ce llent .

~ 
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Chapter 5

OPTIMIZATION MODELS

In discussing the current state of the art , Chap. 3 listed a number of large-scale
optimization models that have recently appeared in the DoD in various stages of
development: the effort under way at the Bureau of Naval Personnel to develop the
ADSTAP [17] manpower planning system; the work in the Navy ’s Office of Civilian
Manpower Management (OCMM) (181; the Army ’s contract to develop an Enlisted
Objective Force Model 19]; Rand’s effort [20] under ARPA sponsorsl~i p; prelimi-
nary work on an Enlisted Personnel Projection and Simulation Model [211 conduct-
ed at the Center for Naval Anal yses; and an optimization model for accessions to
the Navy ’s enlisted force done for the Office of Naval Research at University of
California . Berkeley [22]. These models are the only true optimization models we
have found.

THE RAND MODEL

The Rand model features a broad level of aggregation and an abstract or
theoretical (as opposed to directly practicable) manpower management policy. This
research effort has produced a personnel model that attempts to find the best
composition of the military enlisted force in the long run or steady state. It is
designed to find a wage schedule and resulting force composition that maximizes
steady-state productivity for a given military manpower budget. This objective is
closely related to the economic concept of productive efficiency, which would impl y
a policy with the maximum output for a given cost, or alternatively, the minimum
cost of producing a given rate of output. The authors believe such objectives are
certainly valid for ARPA and OSD manpower planning, for which a long-range
fundamental policy is formulated that can consider major structural and paramet-
ric changes to the operation of military manpower systems. At a service level of
decentralized manpower planning, the objectives can seldom be so simply stated.
The model treats military compensation and the rate of enlistment and reenlist-
ment as variables. In fact enlistment and reenlistment rates are directly linked to
milita ry compensation in the model through supply functions.

This model seeks to determine the optimal composition of the military enlisted
force aggregated by term of service. The optimal force is defined as that which
provides the greatest military capability for a given budget cost. Since individual
military personnel differ in both productivity and wage rates, force composition
affects both military capability and manpower costs. Pay grades are not explicitl y
identif ied within the model; consequently, promotion policies cannot be evaluated.

As a general rule, the most productive force for any given budget will result
when the incrementa l contribution to output for each term of service just balances
the incrementa l cost of hiring an additional member in that term . This rather
simplistic solution , however , is complicated by several factors. First , retaining
personnel beyond the first term requires reenlistment ; retaining a person for a fifth
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term requires five separate enlistment and reenlistment decisions. Second , as n u-
merous empirical studies have shown , enlistment and reenlistment depend upon
mili tary compensation , the total cost of which therefore is not a constant but
depends on the number of enlistments and reenlistments required. Moreover , en-
listment and reenlistment may be affected by compensation expected later on—
reenlistment bonuses and retirement pay, for example. The problem of estimating
enlistment and retention for each term of service occurs within a complex system
involving various forms of military and civilian compensation for every term of
military service.

A steady-state model of the flow of men through the terms of service is con-
structed, An optimization model chooses military compensation levels that y ie ld
the optimal size and composition of the force. An operations research technique
called gradient search—a type of nonlinear programming—using a computer-based
algorithm is used to solve the problem.

The choices made in developing this model were to treat nearly all aspects of
the personnel system as variable , including retention rates and military compensa-
t i on , and to develop a model that gives adequate representation to the considerable
theoretical and empirical work done on manpower supply and productivity. As a
result of these choices it was necessary to severely limit the number of variables
contained in the model. Military manpower is differentiated only by term of enlist-
ment rather than specific year of service , and aspects of the personnel system such
as the grade structure are not included in the model. One result of developing the
model was to show that considerable empirical work remains to be done on man-
power supply and productivity.

The Rand model has inherent limitations. It has a hi gh level of aggregation in
describing the manpower distribution; thus , for practical policy issues, considerably
more detail would be necessary that could greatly complicate the model. The model
uses a simplified military production function , as opposed to the more common set
of requirements constraints , and uses a steady-state analysis. Devising the correct
production function and estimating its parameters would alone constitute a signifi-
cant research project. Because of the assumptions necessary to maintain computa-
tional feasibility, the model loses its ability to specify decisions on a microscopic
scale, for example , selecting a variable reenlistment bonus (VRB ) for a particular

F specia lty, determining the optimal number entering nuclear school , specifying the
amount and specialty area for cross-training, etc. Additionally, it cannot specif ,~’
decisions in the short run or over transient periods when rapid changes in force
makeup are required. Its value lies in being able to determine the general makeup
of’ an ideal objective force divorced from current institutional and Congressional
operating constraints . Precisel y the aspect that makes it unusable in today ’s envi-
ronment makes it valuable as a long-run military planning tool.

MAD-P AND THE ADSTAP SYSTEM

The ADSTAP system of models, particul arly the MAD-P optimization subsys-
tern , has been under development at the Bureau of Naval Personnel to aid the Navy
in enlisted personnel management. An interim report to the Office of the Secretary
of Det~’nse , “U .S. Nav~’ Enlisted Force Management System ,” was published in
June 1973 l 7 j  w i t h  further update of progress expected.
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The work attempts to model the complexities of practical personnel manage-
ment. A number of models were developed and combined into the overall ADSTAP
system. MAD-P. the optimization system, primaril y of interest here, is composed
of several of these models linked up to an optimization procedure. One model ,
ASTATIC, distinguishes the force by 31 different length-of-service (LOS) years and
7 different pay grades; it is currently used to help develop force structure objectives.
Input to ASTATIC consists of loss behavior , attrition and reenlistment behavior ,
promotion opportunity and promotion zone information , and a size limitation for
either the total enlisted Navy or for one particular specialty rating, or both. Recur-
sive equations are derived from steady-state analysis that require in-flows to equal
out-flows; these are solved numerically on the computer for the LOS and pay-grade
distribution that results from the given set of inputs. Several descriptive models
within the DoD (TOPCAP) are very similar to ASTATIC and will be discussed
individually later in this report.

To perform the optimization , the ASTATIC model is coupled with a costing
model and a utility model. The utility model is particularly interesting because it
demonstrates the difficulty of measuring military productivity. A Del phi experi-
ment was conducted under a contract to B-K Dynamics 1231 to develop estimates
of utility of an average enlisted man at a given grade and LOS within each of the
specialties.

An Elasticity Dependency Model is used to modify parameters representing
retention behavior for the ASTATIC force determination model as functions of the
decision variables. The basic policy variables are increases or decreases in continua-
tion rates from some historical norm. The changes may be thought of as being
stimulated by enactment of a Zone A or Zone B selective reenlistment bonus (SRB) ,
or by a reduction in force (RIF) policy that might require , for examp le, a separat ion
pay penalt y. Bonuses and severance pays are merely proxies for the cost of chang-
ing historical continuance rates. Other measures would serve equally well ; for’
examp le . the RIF penalty might represent the loss in human capital due to the
layoff of trained personnel. With the elasticity dependency model , th e costing
model, and the utility model , optimization can proceed. The cur’rent objective func-
tion to be minimized is the average cost per unit of uti l i t y ( $/uti le ) ,  tak ing the tota l
annual cost of a given manpower plan and dividing by the total utility of the
n ’esulting static force composition from ASTATIC. The basic control decision vari-
ables are continuation rates for personnel in each of the various grade and LOS
cells of the state description matrix. Currently , this consists of’ 12 variables: 6
continuation and 6 advancement rate variables. A nonlinear’ numerical search
techni que is being used to converge to a point where the 12 partial derivations are
eq ual to zero, representing a local optimum of the objective function. Cur ’n ’ent
imp lementation takes 35 CPU minutes per specialty to conven’ge.

The system encompasses several other important . models. The FAST model 5
(also discussed later in this report) can age the current force into the f u t u r e  in three
d imensions (pay grade, LOS. an d occupational specialty ) using ant ic ipa ted  po lic y
fbi’ promotion , access i ons, and enlistment. The outputs are used t o  project levels fur
procurement . budget , and t ra ining activities. The FAST sy stem pr’oject ions can be
eva lu ated wi th  respect to cost and uti l i ty measures of ’ ou tpu t  for s imulat ion of
policy alternatives. However , ASTATIC rath er t h a n  F’AST is used in the M A l ) i~
optimization of ADSTAP.
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The MAD-P optimization handles only one Navy specialty at a time, thereby
avoiding the complex issues of intraspecialty tradeoff in productivity or utility
measures. Each specialty is viewed as a closed manpower system; entrance and
progression up through the ranks are the only way to gain experience and a higher
pay grade. Manpower requirements in the specialty rigidly fix the total number of
personnel. This assumption essentially says that intraspecialty tradeoffs are not
productive or that the elasticity of substitution is zero.

Although the ADSTAP system of models demonstrates some excellent insights
into the complexities of personnel management problems, its limitations are impor-
tant to recognize. The authors consider as variable one of the many manpower
policies available to the Navy—chiefl y the SRB program , severance , or any other
policies for stimulating or reducing retention. This approach must accept many of
the constraints and traditions present in current manpower practices. For example ,
in setting requirements, “the number of’ men required to perform a given function
or man a given unit are considered to be the absolute purview of the work engineer-
ing standards process . . .  the rating required for a given amount of services is
determined through a process of combining the skills and knowledge required to
perform the services (work engineering) and the qualification for advancement in
rating - . - this determination is unequivocal” [17:11, p. 2]. As the remainder of this
survey indicates , ADSTAP is not the only system of models to contain such limita-
tions and , in fact , it permits more policy options than almost any other model.

The Navy has set numerous goals for their manpower management system; for
instance, “The Navy ’s goal is to attain a personnel management system based on
efficient management with individual equity ” [17:11, p. 1]. “The Navy opted for the
development of a set of goals for the enlisted force which were developed and
maintained by the line shops responsible for enlisted force management , for the
development of goals which incorporated the notion of an ideal force ” [17:1, p. 21.
“The essential element of goal setting for enlisted force management entails the
specification of some idealized distribution of the force along specified dimensions ”
[17:1, p. 2] . “The Nav y ’s policies will be directed to the extent possible to mani pu lat-
ing continuation behavior primaril y through the application or withholding of
incentives both pecuniary and nonpecuniary and by adjustment of the pay grade
dimension of the requirements process to achieve this idealized force ” 17:11, p. 4] .

These are all desirable but often conflicting goals. The ADSTAP system has
attempted to come to grips with all of them; it fails, however , because the con-
straints on operational personnel management policy limit many of the essential
options in optimization models that would make them useful for large-scale and
long-range force planning decisions.

The results of the per capita cost model and the utility model

will be combined with the elasticity dependency model and the optimization
model will be developed . . .  the primary objective function is to minimi ze
cost per utile per man-year. . . . The only fixed parameter will  be the number
of jobs to be done by rating. In other words the model will not attempt to
j u s t i f v  the validity of the number of radio men required but it will  be free
to var y  the pay grade structure in search of an optimal distribution. The
optimization model will be free to vary advancement parameters . input
mix , continuance rates as necessa ry to determine an optimal solution.
When varying continuance rates , an approximate penalty cost wil l  be at-
tributed based on pay elasticities 17:11 , p. 16]. 
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Consequently, ADSTAP takes as input the number of men required in each rating,
including supervisors , journeymen , and even personnel in the training pi peline.

The objective function in the ADSTAP model is to minimize cost per utile per
man-year. Problems should be anticipated , because without the constraints im-
posed by ADSTAP on requirements , the force wil l  contain only one extremely
productive man , since marg inal productivity per dollar is a decreasing function of
the size of the force. Research is under way on this problem and may lead to the
use of other objectives. The ADSTAP documentation states,

Conceptually a force structure of minimum cost and maximum ut i l i t y
would be termed optimal. Equivalently, an optimal force structure mini-
mizes the cost per utile. However , it can be demonstrated that minimizing
the cost per utile ratio does not guarantee that the overall Navy is optimal
referenced to the same ratio (cost per utility ) . To avoid such problems , an
alternative objective function based on marginal cost per utile is being
evaluated [17:111, p. 25].

This second proposition , made by Navy researchers to minimize the marginal ratio ,
is to minimize the slope of a generally convex increasing function. The earlier
criterion minimized the angle of the secant drawn through zero on a plot of total
cost versus total utility.

The field of operations research and economics , through decision theory and
economic efficiency, sheds some light on the question of the proper objective func-
tion. Theoretically, the proper procedure would be either to maximize the produc-
tivity rate subject to a constraint on the annual budget or to solve the dual problem
of minimizing the annual cost subject to a constraint requiring productivity to be
at least a specified amount. This problem can be coupled with the institutional
constraints imposed by Navy policies. The problems of using ratios of cost to benefit
as decision measures, such as cost per utile , are well known.

In fact , Hitch and McKean [25, pp. 166-167] discuss criterion errors of this form:
“To maximize the ratio of effectiveness to cost may seem a plausible criterion at
first glance but it allows the absolute magnitude of achievement or cost to roam at
will. Surely it would be a mistake to temp t the decisionmaker to ignore the absolute
a m o u n t . . . .  In fact the only way to know what such a ratio reall y means is to
tighten the constraint until either a budget or particular degree of effectiveness is
specified. And at this juncture the ratio reduces itself to the test of maximum
effectiveness for a given budget , or a specified effectiveness at minimum cost, and
might better have been put this way at the outset. ”

Its use in the MAD-P optimization results in a solution that is close to but not
exactl y optimal. The model developers have reported that the objective of cost/utile
speeds convergence of the optimization algorithm and this justifies its use.

We have discussed two approaches to the optimum force structure problem:
The ADSTAP approach minimizes the ratio of cost to uti l i ty for a given manning
level; the economic efficiency approach minimizes cost for a given minimum u t i l i t y
and a given manning level. In the latter approach , specifying different ut i l i ty  levels
enables us to trace out the efficient frontier: the locus for which cost is at a min imum
for an given ut i l i t y .  Figure 5.1 shows two such loci , drawn under the assumption
tha t  the marg inal cost ofadditional uti les is increasing throughout the entire range.
The loci represent the case (aa ’) where no manning constraints are imposed and the
case (bb’) where the number of men must equal M 0. In the unconstr’ain ed case, the
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Fig. 5.1—Loci of efficient points under manning e onstrai n ts
and no manning constraints

number of men is an increasing function of the utility level and the minimum cost
level , and where the number of men is M0, the two loci coincide. Under rather weak
conditions there will be onl y one such point (U’ , C’) . Note that the constrained case
can never have lower cost than the unconstrained case. In the constrained case, as
the uti l i ty level declines , there is some point at which costs begin to increase again.
But since ut i l i t y  is a minimum constraint , the efficient solution will have cost C0
and utility U 0 over the range of minimum utilities less than U0.

Figure 5.2 shows how the ADSTAP approach and the economic efficiency ap-
proach choose a level of util i ty and cost for the case where total manning must
equal M 0. Under the ADSTAP approach (Fig. 5.2a) of minimum cost per utile, a ray
from the origin is rotated clockwise until a point of tangency is reached with the
efficiency frontier. This is the minimum cost per utile which satisfies the manning
constraint. In the unconstrained case portrayed , minimum cost per utile would be
achieved near the origin. Hence , the manpower constraint is necessary to obtain
a meaningful solution under the ADSTAP formulation of the problem. The econom-
ic efficiency solution (Fi g. 5.2b) requires a bit more explanation. A poi nt on t he
efficient frontier has the property that the ratios ofmarginal cost to marg inal u t i l i ty
are equal for every class of labor input actuall y employed (true for points to the
rig ht of the minimum ut il ity ’t . This ratio is represented by ~~ , which can be interpret-
ed as a Lagrangian multi p lier. This interpretation comes from the formulation of
the problem as

minimize (‘(M O M~) + A [U O — [(M o M , )] M 0 M
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where the first-order conditions are

ac ~u
bM1 

—

and ~C ~M r’epresents the marginal  cost o f input  i and [‘SM represents marg inal
u t i l i t y  of ’ input i.

Lambda , A , may also be viewed as the price the Navy is willing to pay for an
additional utile. And since the model will be operated for ever~’ rating, one would
expect the price A to be the same in every app lication. Figure 5.2b shows how the
optimal point is chosen. A line with slope equal to the price A is moved in a
southeasterly direction (in the direction of increasing utility and decreasing cost)
to a point of tangency with the efficiency frontier. If the same A is specified for every
rat ing, the slope of the efficiency frontier will be the same in every rating at the
point chosen.

Applying the ADSTAP criterion to every rating produces a different ratio of
cost to ut i l i ty  in each field. This is less than desirable since it would be possible to
reduce costs over all ratings at the same total utility level by making the ratio of
marginal cost to marginal utility equal for every rating. This is the result achieved
through the economic efficiency approach.

In summary , we can h ighlig ht the consequences of differences between the
ADSTAP formulation of the problem and more traditional economic approaches.

1. By minimizing cost per utile , the modelers circumvent the problem of
specif\-ing a dollar cost per utile that the Navy would be willing to pay.
Nevertheless , this is done at the price of a somewhat haphazard solution ,
which is likel y to be inefficient when specialty ratings are done separately.
The optimal force of combined ratings should have equal marg inal cost
utile.

2. Limited experience with some simple examples reveals that minimizing
cost per utile is considerably more difficult to solve computationall y than
minimizing cost subject to a minimum constraint on ut i l i t y .  Hence , conver-
gence problems experienced with ADSTAP may be overcome with a
slightly different formulation of the problem.

3. The treatment of total manning as an equality constraint is somewhat
unusual  in view of the fact that different utility levels are associated with
different types of individuals. Normally one would expect that fewer more
productive individuals  could substitute for more less productive ones. But
it this  is not possible , the meaning of different utilities is not clear and it
is not obvious hv what process the Navy  benefits fro m higher u t i l i t y .  These
an ’ rather subtle issues , dealing with the relation of naval capability to
manpower inputs  of various kinds , and aside from adopting a different
approach in the Rand model we have no special insight s in this  area at this
time. In the more t r ’adi t i ona l  economic approach , the uti l i ty function is
rep laced by a production function tha t  includes all variable inputs.  The
quant i t ies  of each category of inputs can be chosen to produce a desired
level of output in t l i t  least costl y manner.  Constraints on the t o t a l  quan t i t y
of one category of inputs are not usual l y included. Hence in th i s  context
the to t  a I manning would be variabl e , just  as in the  unconstrained ~~~ in
Fig. 5.1.
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Standard criticism can be made of the linear character of the production func-
tion used in MAD-P. But another area of debate has arisen in the measurement of
productivi ty or u t i l i ty :  the method of estimating an individual ’s relative prod ’.ictiv-
its ’ . The Delphi questionnaire method used [23] resulted in extremel y large relative
differences in productivity.  For examp le , one 20-year man was worth five 3-year
men. The argument made in favor of this is that utile tradeoffs across specialties
ai’e not nor’ were ever intended to be made. The MAD-P system , t h en , is st r ict ly
viewed as an optimization of pay grade/LOS within a specialty rating. Instant
promotion for almost everyone on the force would automatically raise the produc-
tivi ty measure of a force with the same LOS distribution. Even with internal
constraints , the tendency of the model to promote as rap idl y as possib le to ra ise
pro ductivity wil l  always remain.

This critical anal ysis of the ADST~\ l°  sy stem is not meant to detract from the
value of the overall attempt. The effort m a , ’ prove extremely valuable and repr-e-
sents a significant improvement in DoD personnel modeling. It is a system that  has
recognized and challenged the major problems of combining practical implementa-
t ion and disaggregation (microscop ic decision ma king ) in the framework of an op-
timization model. The diff icult ies  mentioned here can be r ’emedied fairly simply ;
moreover , t he sponsor’s and developers of the model are in the process of rev iewing
their’ work to date. It is to be hoped that thi s review will take account of the points
r ’aised here.

GOAL 1~ROGRAMMING IN THE NAVY’S OFFICE OF
CIVILIAN MANPOWER MANAGEMENT

Goal programming is particularl y usefu l when the aim is to meet con dic t ing
goals as closely as possible. This techni que transforms a model with  nonl inear’
objectives and linear constraints into an ordinary linear program for solution pu t ’-
poses. Ma ny of the personnel models using goal pr ’ogramming minimize the sum
of absolute deviations from the goals. Other metrics could be used as long as the
transformation is amenable to a suitable solution pr ’ocedure.

The minimizat ion of the sum of ’ absolute deviat ions from con sti ’aints is a ty p ica l
goal programming formulat ion.  Convent iona l  L.P. codes can he used when t he
absolute value of the deviation is the penalty function and the cons t ra in t s  them-
selves are linear ’. Quadratic or’ nonlinear’ prog i-amming codes must be used w i t h
non linear constraints and a conventional weighted sum of squared deviations. The
problem when a simple sum ofsquared deviation is used for a set of ’l inear  equa l i t i es
is sol ved by the standard least squares regression codes. Once t h i s  is sec’ur -ed all the
power of e x i s t i n g  computer codes is at the disposal of the model bu i lder .  Since 1 967
the X avv ’s Office of ( ‘iv i l ian .Manpower ’  Management ( 1 8 ]  ha s been developing a
wide va r i e t y  of app lications to use goal programming for’ managing  ti l e N a v y ’s
c i v i l i a n  labor’ force. A pplications to mult i le vel  mi l i t  a r v - c i v i l i a n  p l a n n i n g  25], t~ i

officer dis t r ’ibut ion 2t~j, and t O )  dynamic  mul t i - a t t r ibu te  organiza t ion  design 2 7]
have also been suggested via a lgo r i t hmic  and prototype  developments .

The series of goal programming models is i m pr e s s i v e  because it i~~ d i r e c t e d
toward the user of the sy stem , who can be tota l l y ignorant of the theory ,  mat hemat-
k’s, or compu ta t  ion of the mode l . (See 2~ 1. In an i n t e r a c t i v e  comput er  mode of
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operat ion it can be used by any  analy st  at any level of management in plannin g.
policymaking, and evaluating alternatives while sitting at a desk-top terminal.
Current applications are aimed at Navywide civilian career p l an ning an d at loca l
installation planning. The batch processing mode is used for larger problems, such
as those occurring i n comp reh ensiv e stu d ies con du cted in response to questi ons
asked by the Office of the Secretary of Defense and by the Office of Management
an d Budget.

We cannot begin to cover all of this work in the present survey. Instead we shall
focus on the series called “OCMM Models ,” with which this work was begun. These
embed a Markov process descri pt ion of manpower flows within a goal-program-
ming fra mewor k to y ield a new kind of “Markov decision process” models. Here
the term “Markov decision process ” refers to recommended decisions designed to
produce certain expected states. For instance , recruitments and RIFs mig h t be
recommended to produce expected states in specified manpower-job categories in
each of a sequence of time periods. These recommendations are effected through
“goal progr amming” in order to come as close as possible to manpower ceilings
stipulated in each relevant category while allowing for transfers between catego-
ries that accord with specified Markov processes. Deviations above as well as below
“cei l ings” are tolerated in these goal constraints . Violation of other constraints ,
such as totals budgeted for salaries and work-related expenses in each relevant
ti me period , is not allowed.

The dynamic model describes the movement of persons through a system
where manpower is characterized by grade (GS- 1 to GS-18) and major occupational
group. Recursive equations relate the number on board in each descriptive cell for
next year wit h the number this year plus new hires minus fires. These relationships
hold in strict equality. Natural promotion rules , tra nsfers, and resi gnat ions are
included in the dynamic description of the force in the form of a year-to-year
Markov transition matrix.

Job requirements for manpower in each job category or cell are specified for
each year , and some penalty weight is assigned for excesses or deficiencies in the
number of personnel. The magn itude of the budget , the limits on personnel by
grade level , and particular Congressional , DoD , or Navy rules on force ni ikeup are
included as inequality constraints.

The penalty function is based on weights assigned for failure to meet manpower
requirements. If hires and fires are costly, additional wei ghts can be included to
penal ize this  ac t iv i t y .

In the aggregate planning models that are currently operational , the manpower
requireme nts are set as goals to be obtained , as shown in Fi g. 5.3. A penalty is paid
w henever the manpower requirement for a given category is not met. Relative
penalties are also paid for adding to or reducin g the work force. The fulfillment of
the manpower requirements is then subjected to a number of constraints. First , the
nu mber on hoard in each job category at the start is set equal to a constant. This
ensures tha t  the base-period populations are then submitted to a m a t r i x  of move-
nient , or transition rates , which distinguishes probabi hst icallv between those stay-
ing in a pa rticular job category, those moving to another job category , and those
leaving the organization. This process continues in a network fashion for the num-
ber of I)~’riods to be included in the model. In addition , constraints are set for
ma npower ceili r .gs ’an d manpower salary budget s for each of the periods. 
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Office of Civ Uian Manpower Management , Washington , D.C., 1972 , Fig. 3 , p. 1-1 3.

Exp lorations via sensitivity analyses , etc., make it possible to examine the
consequences that might attend alterations in one or more of these goal or budget-
arv constraints. Furt hermore , interactive computer capabilities are available in
conversational modes that make it very easy to conduct sensitivity anal ysis on t he
( Markov ) transition rates , the weights that might be assigned to deviations from
goa ls, or the alterations in expected salary scales and tota l budget amounts . Finall y,
the whole is tied into an extensive data base called CAMAS (Computer Assisted
Manpower System) from which studies may be essayed in “batch” as well as
“on-line ’ (cont inuous) modes.

Large problems of this type (i.e., 3000 equations or more) can require large
amounts of computer time , but probably much less than comparable models using
simulation languages such as GPSS, as in the case of the Air Force and parts of t he
ADSTAP system. Research is under way ]29 , 30] to find ways of using the special
struct ure of goal programs to obtain an exp licit solution or an advanced start to the
solution of the underly ing linear program. These computational extensions may
produce as much as a factor-of-ten reduction in computer time usage. Small prob-
lems (800 to 1000 equations ) can be solved in one to two minutes and are qui te
suitable to interactive conversational app lications.

The ()CMM models and similar variations assume that the operating require-
ments are inflexible. The penalty weights given for absolute deviation from these
manpower requirements are necessarily arbitrary . There is no theoretical basis at
p t & . ~k ’nt for estimating these values. Similarly, the inclusion of penalties for hiring
and firing cannot et be justified or estimated. While it is possible to estimate an
immediate dollar cos t for hiring and firing, longer-term effect.s are difficult  to mea~
sure. Moreover , the r e la t ive  weights between this penalty and the penalty f i r
fa i lure  to meet manpower requirement objectives , for insta n ce , are onl y h e u r i s t i c~u l .
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13’ and intuitively based. Experience has shown that these penalty weight s should
be set to establish general precedence relationships (e.g., release personnel only as
a last resort) . Detailed control of requirements can be included through establishing
upper’ or lower bounds on the goals themselves.

The approach of goal programming is well suited for governmental or military
program planning where manpower requirements should be evaluated within giv-
en manpower and budgetary constraints . This differs from industrial models where
profit maximization or cost minimization is paramount. In any case, app lication of
these or any other models requires careful consideration of the underlying assump-
tio ns.

It can be questioned , then , whether the optimization approach of goal program-
ming is at present suitable for large-scale high-level manpower management deci-
sions. Certainly, application requires careful study of the constraints and pena l ty
weights . It is valuable in its present use, however, beca use job requ irements, bud-
get, and staff limits are to some extent exogenous to the manager of a f’ac i l ity who
is forced to make the hire-fire decisions.

CO HORT PLANNING MODEL: COPLA N

Research sponsored by the Office of Nava l  Research is being conducted :ot the
Operations Research Center of l. ’niversity of California , Berkeley . on tho optimal
rate of initial accessions [22]. The approach used identifies individuals  by LOS onl y
and examines skill specialty categories one at a time , al though extensions of the
wor k a re planned to consider transfers and othet- interactions between skill  catego-
r ies.

The flow of manpower’ throug h the system is modeled in COPI.AN using a
concept quite diff erent f rom the rest of’ the DoD personnel model s . Because (‘0-
l ’LAN is a longitudinal  rather than cross-sect ional  anal  sis , it re ta ins  i n f o r m a t i o n
on the  LOS cohort. The cross-sectional view ofa manpower’ system dep i c t s  the  state ’
by the  number of pe rsonne l in eac h LOS cell. A disc i- er e  N1~o rk ov t r ans i t i on  I ) n i o ( vss
is the basi s for flow behavior of these models . Longi tudinal  model s describe ’ t lie ’
( ‘urr’ent sy stem st a tu s  b~’ a state descr ’iptor. a vector Of’~i cee.ssions ou ’c p ast s t a r s .
long enough hack to include tile size of the ent i r’e’ cohort of ’ the ’ oldest I° ~~~ In l i i i ’
fo rce . Retention behavior during the advancement of ’ eac h (‘ohO!’t is m a d  . r i o - po nd-
t n t  on each cohort as well as lengt h of se n’ vic e .

Fv i s l ence  exist s that  the cross—sectional data of t r a n s i t  ions liv I ,( )S i - i ’ l l  l ist  ii
i ’S t i n ) ~i t e  t h e  M ar -k ov  transition probabil i t ies of’ t r a d i t nona l  models Is n e  ~~IIII k i l t  \

stable over time for reliable pi ’ediction. In theory , l o n g i t u d i n a l  ana ly s i s  adds rim
impor ’t ant explanatory var iable  in pr’edicting the fu tu r e .  [sing t ~~~~~ ii Is . I i i

a u t h o r s  report significant impro veme ’nt in f i t t ing  the ’ d i i i  a and in e~ l n i l  h g  i s ,

r et ent ion.
The rate of accessions in to  the  first  \- ear of ’ ~er\ ice is I Ii un iv  v t ~ i I h l i  I l l i l o l

l ie control of manpower’ p lan ne’t-s . The’ numb er’  of ’ I i o 1 s t r i l n  1 r c a )  l, 1 l r ’  I i  i i  ‘I
i ’equireme ’n t s  in  any ve a l’ is equal to the  sum of s i i r ’ v n y n i s  i t  (‘ I ( -h of t h e  ‘ a l I b i

cnh or’ l s p l usth e ’  curr ent n r u m b e r ’  ot icc i . ’ssions Al l  i n d i v i i l i i i l ~ . no m i l i e U  \~ at t i n ’ ’  
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lengths of’ serv i ce , are assumed to be equally able to perform the job requirement
in the skill category.

Manpower requirements over the next T per iods are given exogenousl y along
with survivor fractions by length of ’service. Input data on past accessions are used
to calculate the legacy (those already in the job positions resulting from earlier
accessions) present or expected at each period of time. This forms the basis of the
requirements equations. Two basic simplifying assumptions are made. The survi-
vor’ fractions are time-stationary, and the requirements equalities can have slack
or excess per’sonnel.

The objective function is the total present worth of all f’uture accession costs.
If ’ the p lanning horizon is extended to infinity, the problem is what is called infinite
programming, a mathematical program with an infinite number of decision vari-
ables. In this case, under certain restricted conditions , t he comp u tat ion al effort can
be truncated at a finite time and the infinite solution approximated by the solution
to the finite problem. The model as presentl y formulated requires the solution to
a linear system of inequations and a linear objective function , wh ich are solved by
standard linear pr’ogramming codes.

Some pr’act ical methods are discussed to obtain estimates of’ the survivor frac-
t ions, which ar’e important inputs affecting the optimal rate of accessions. A
numerical example is presented where requirements become stationary after the
sixth year of’ service. This removes the necessity for and benefit of the longitudinal
cohort-following model. In this case , when the system reaches stationarity of input
parameters, the exact solution to the infinite programming is obtainable.

As the authors note, the model has limitations in considering accessions as the
on ly decision var ’iable. “It is misleading to state the problem as if the accessions are
the only variables which the decisionmaker can influence. The legacies , require-
men ts, and to some extent the survivor fraction can all be changed or exp licitl y
influenced by manpower policies ” [22. pp. 4-5]. The enlargement of this approa ch
to include several skill ratings or to include the grade structure leads to se’vere
computational difficulties. However , in groups of skill levels where there is not
significant lateral entry, the model has value in determining the accession p lan .
provided requirements do not change over time.

Lateral entry representing cross-training or dual training outside the pr ’imar~
skill r ’ating may be in fact an important fhctor that manpower planner’s can influ-
ence or’ may be a common phenomenon of personnel movement. The model itsel f ’
can be expanded without  difficulty to include several skill levels or at least the
major ones where su ch movement is comm on , hut the management decision options
of cross-tr aining cannot be optimized because of computational difficulties. One of ’
these d t l iu i i l t i e s  is that the  model become’s a nonlinear progr am when these su rv i -
vo r fr -actions nc ’ allowed to he control variables.

.- \net  he i conceptual pro bl em exists , one s imi la r  to that in goal progr’a mrning of ’
t h e  Nav ~ ‘s 0( ’\l M Moi d i ’l , in that  requirements are specified. Whi le  al l  model
bui lders  h o v e  r ’ecognize(l the pr ’ob le’ms ol es t imat ing  t h i t ’ s t ’  requirements and tire ’
illog ic of m~rk i ng t hem absolutel y in var - ia te , few modeler’s have  at tempted to  ove r --
i o n  0 ’ t hem s in r p lv hwcaus e it  is ext r ’emely d i f f i c u l t  t o )  do so. The concept of ’ m i l i t a r y
pr’O dLl ( ’ t ion has not si i e -co ’edi il in rep lae ’ing t ( 1 1 5 0 ’  m - i ’ i l b i b ! t ’ r I b o n l s .

. ~~ -- ,- . —~~~~~— -~~~~ - --- - .-



50

THE ENLISTED PERSONNEL PROJECTION AND
SJMULATION MODEL: CNA

The Center for Naval Analyses has two personnel modeling efforts under way.
The CNA Officer Projection Model (OPM) [9) is basicall y a descriptive model of force
aging and is discussed later in this report. The Enlisted Personnel Projection and
Simulation Model (EPPSM ) [21] has been developed to aid in projecting manpower
structures under various conditions. For instance , variation is permitted in ( 1)
continuation behavior; (2) training patterns; (3) concepts of measuring total force
productivity; (4 ) cost factors; (5) compensation policies; and (6) budgetary or force
level constraints. This model was developed with the enlisted Navy in mind but , as
with many models of military manpower , onl y modest modification is necessary for
application to any military service. The model has reached the development and
test stage and is programmed for use in APL. The final reports are not available
and are not expected to be, as development has ceased.

In its design , the EPPSM can be used in a simulation mode using base case
parameters and a specification of an input stream of accessions to estimate and
predict the time-dependent manpower flow. The state space description variable
breaks the military force down by length of service onl y; in fact , the author feels
t hat “pay grade is a poor and even perverse management tool , and it will remain
so until the functions of monetary compensation are separated from the functions
of rank , the latter considered primaril y as a measure of quality and experience ”
[21 , p. 25].

Linear equations and inequations (where excess personnel are permitted)
which are recursive in nature describe the flow of manpower by length of service
through real time. This is the same longitudinal approach used as the basis of
manpower flow in the COPLAN model. The decision variable in question is cohort
size specified as the yearly accession rate . Reenlistment behavior is assumed to be
a linear function of cohort size , where the larger the size of the cohort , the smaller
the retention rate. This specifies a linear set of recursive equations of the manpower
flow process.

Effectiveness , measuring a concept called military force productivity, is
modeled as a simple linear function of the length of service of each individual. The
user is free to assign any set of values to this vector of productivity weights.
Alternative parameters for this linear productivity function are suggested; for
example , two classes are defined , effectives and noneffectives, and given a weight
of one or zero, Students and other noneffectives are included with zero weight;
others are included with weights to indicate measures of effectiveness against some
standard. As a simplification , effectiveness is estimated by the “end strength ,” the
total number of personnel in the system, in which each person is equally productive.

Compensation by length of service includes retirement costs and certain train-
ing costs. Retirement costs are incorporated by finding the equivalent annual cost
of buying an annuity equivalent to the current lifetime pay in the retirement
system. These amounts are made constant fractions of pay and allowances in each
year , adjusted for the probability of reaching retirement.

The objective can be stated in primal or dual form of linear programming to
minimize tota l di scounted costs subject to a constraint on effectiveness or to maxi-
mize effectiveness subject to a budgetary constraint. The author notes that the
system of constraints or targets may be over-constrained and so have no feasible
solution. Goal programming is suggested as a way out of this di lemma. Since all
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equations are linear equalities , weighted least squares regression can also be used
to find the best accession pattern that gets as close as possible to all constraints.

This model is still in the development stage, and no practical results are avail-
able. The authors have addressed most of the important manpower planni n g issues
in the design concepts and partiall y implemented these in a model written in the
APL computer language. Key aspects of this general approach are ( 1) the idea of
productivit y and force effectiveness; (2) the use of discounting and inclusion of
retirement (modified by probability of receiving this pay) ; (3) the treatment of
compensation in earlier years; and (4) a modest attempt at including variability in
the law of motion through a modification of the continuance rates of the manpower
sy ste m -

The model attempts to find the optimal dynamic or immediate-term decision,
unl ike  steady-state approaches such as ADSTAP or the Rand model. It will per form
the optimization relying on linear programming or linear regression. These ap-
proaches require that a model be limited to certain linear relationshi ps between
pay. reenlistment , and productivity measures. It is not known how limit ing the
linearity requirement might be , nor are any numer ical results available at this time
for any substantive evaluation.

SELECTIVE REENLISTMENT BONUS , ENLISTED OBJECTIVE
FORCE MODEL

The Military Personnel Center , Department of the Army, has contracted with
Systems Automation Corporation to develop a model for managing incentive funds
such as the variable reenlistment bonus (VRB). This model has been called SRB/
Selective Reenlistment Bonus [19] and it is hoped that it will prove usefu l in
prescribing policies to achieve an objective force characterized by military occupa-
tional specialty (MOS) as well as the years or length of service (YOS). Input to this
model will be the projected force as determined from a Personnel Inventory Ana ly ’
sis System II model (PIA II) [32], which projects monthly the LOS distribution
within the Army by MOS, grade, and years of service , and the objective force as
determined by simulation runs of other steady-state static models available wi th in
DoD (such as DEMOS—discussed later). The projected force is compared with the
objective force and the annual reenlistment requirement and accessions are estab-
lished.

The manpower system is over-constrained; that is to say, there is no feasible
accession or reenlistment pattern that can be found to meet all the requirements
imposed on the system. This situation often arises because of the diversity of
decisionmaking and a large number of objectives and constraints that challenge
military manpower planners. A goal program is set up to try to minimize the
violation of certain sets of requirements. Linear programming can be used here
since the penalty function chosen is the weig hted sum of absolute deviations. The
model is still undergoing development. The approach is similar to the work of the
Navy ’s Office of Civilian Manpower Management. The size of the line or program
presents computational problems when the Army is subdivided into MOS. grade .
and LOS.

Neither documentation nor numerical results are available for th is model ,

. . ,- .- -  - .-



52

although documentation was promised in early 1975. Therefore, our evaluation and
presentation are necessarily sketchy. The model is subject to the same criticism
directed earlier at other goal programming models, since it treats manpower re-
quirements as exogenous. Generally speaking, this approach will aid in suboptimi-
zation , where requirements are specified. The objective function in such problems
is artificial , and it is purely a matter for speculation as to how such models ought
to be used for long-range or broad manpower planning. Whether the computational
expense justifies its use even as a suboptimization decisionmaking tool is still open
to question. 
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CHAPTER 6

NONOPTIMIZATION MODELS

The 20 nonoptimization models reviewed are discussed individually in this
chapter. The terminology and framework developed in Chap. 3 are used to describe
their features. (Refer to Table 3.2 for guidance.)

CLASSIC TOPLINE MODELS

Because these models were among the first to be operational in the Air Force
planning process and , more important , because they exemplify problems that have
to be . solved in personnel modeling, STATIC and DYNAMIC TOPLINE are dis-
cussed here to be used as a comparative reference point throughout the report. It
will be evident , especiall y in the discussion of STATIC DOPMS and DYNAMIC
DOPMS, how some of the limitations of these eariy TOPLINE models have been
dealt with in the evolution of newer models. It should be stressed , however , that
these TOPLINE models are now obsolete and that they are included in this state-of-
the-art survey for background information and illustrative purposes.

STATIC TOPLINE MODEL

Basically , the STATIC TOPLINE model [33] was designed as a grade manage-
ment model to assist in reaching an “optimal distribution of Air Force Officers ” by
years of service. It was intended to assist in anal yzing long-term personnel objec-
tives and in testing the long-term effects of personnel policies. Design of the model
facilitates this analysis by its input and what parameters it allows to be manipulat-
ed as decision or policy variables.

In terms of the structural attributes previousl y described in this repor ’t to
char’acterize models , TOPLINE is most illustrative in its ie’ve ’ l of aggregation , its
steady-state conditions , and its method of deriving the main computational array.

Because STATIC TOPLINE is an aggregate model , the total officer force is
distributed among cells or states with respect to classification factors. These factor -s
include component (Air Force Academy, contract , regul ar , reserve , other) : grade
(four categories: captain or less, major , lieutenant colonel , a nd colonel or ah ove l;
aeronautical r’ ating (pilot , navigator . nonrated) ; and years ofservice ’ (I 35) . These’
at tr ibutes corr’espond to dimensions that ident i f v  and index personnel as th ey move
through the model. The model is limited to analyzing only these charact erist ics of
the makeup or composition of the force. In a sense, then , STATIC TOPLI NE models
average behavior within the personnel system.

Like most models designed to study long-term objectives . TOPL INK is s teady -
state .  Equi l ibr ium conditions app ly, which require that  additions to a state are
equal to losses from a state .  Generically, TOPLI N E can be though t  ot~ is a M i r kovi-
an model insofl ir as progression to the ni.~xt s ta t e  is onl y a function of the  present
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st ate These changes of state result from policy variables (model inputs ) such as
accessions, t ra in in g rates , length of commitments , force-out years , retention rates ,
and promotion opportunities.

The mathematics is based on elementary probability theory and some basic
notions from operations research. Two computational algorithms are of general
interest. The first finds the dist -ibution of men over years of service; the second
finds the distribution of men over grades for an ’,’ given year of service.

The “smear technique ” solves the first problem: Given the total number of
officers required and a set of retention rates, where r 0 = 1, 0 ~ r 5 ~ 1,

N , = r , N m 0

where t = I 35, and
N, = number of men in t year of service,

find the distribution of numbers of officers over years of service.
To solve this problem it is necessary to know the number of men in the first

year . N 0. The yearl y number of accessions is referred to as the arrival rate. Next ,
the expected career length is computed so that the number of accessions, N 0, to the
system can be determined by use of a flow equation , M = N 0C, where C is mean
time in the system and M is the total number of men. From this equation N1’s can
be computed as N = c1 M/c = c1 N 0, where the survival rate c~ is defined as the
fraction of accessions who did not leave before the (j — l)r , year , and is computed
by

C. H r3 t=l t

where r , are retention rates.
To solve the second problem of finding the distribution of men over grades, a

recursive technique generates a distribution matrix X5g , which gives the proportion
of the total number of people for year of service t that are in grade g. By app ly ing
retention rates to X 5 g N0 , it is possible to determine the number of peop le who will
move to the next cell , so this matrix is the main computational array of the pro-
gram. The following conditions must be satisfied in generating this array:

For all X~~ ; t = 1 35 and

g = 3 ,4 ,5,6
o~~x ‘~~it ,g

6
where ~~X = 1 .

g=3 t ,g

The Xt g ’s are derived from probabilities called promotion opportunities , 0 .~.
which are numbers between zero and one that are supplied as input  to a model to
provide a basic parameter for the law of motion . For year of service t and grade
g, 0, is the probability that an officer will be promoted to grade g or higher  in year
t. The relationship X, 3  = 1 ~

. 0) 4  means that every officer .i h o  is not in grade four
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or more is in grade three. Because grade three is the lowest in this model , t h is
statement is true. The probability that an officer is in grade four or more (0 4 ) times
the probability that everyone is in grade five or less ( 1 — 0, 5 )  gives the probabili t y
of being in grade four.

The calculations proceed recursively to yield the distribution of men over years
of service and grade:

X , 4 = 0, 4 (1 — 0,~ ) = ( 1 — X, 3 ) ( l — 0, 5 )

and generally,

X 0 g = (I — X,g mr ,, . . .  — X .~.m 0)

for the hi ghest grade , an d , therefore ,

X~.. + X,g mo + ... + X ~~ = 1

and where n + 1 is the number of grades. To determine the number of people
retained , NR , in any given year for any given grade , ta ke

NR , + o .g = r ,4 0 X,g N , — P g( ± )A 1 ,g

where r is the retention rate , X is the proportionalit y factor , N is t h e nu mber of
men , P is the total promoted out , and A is the number trans ferring into or out of
regular status from or to reserve status. This equation is the law of motion of the
model , to use the terminology of this report.

This TOPLJNE model was designed to assist in anal yzing long-term objectives
and has been used through the trial-and-error procedures of vary ing input parame-
ters to establish a hypothetical objective force distributed over grade by year of
service. This utilization is the only form of” optimization ” the model offers. Several
hundred runs may be necessary to reach a successful combination of policy decision
variables. Fortunately, because of its aggregate nature , computer cost per run is
minimal and such heurist ically iterative usage is feasible.

As we have seen , input to STATIC TOPLINE consists of policy variables such
as accessions or promotion opportunities. Retention rates are not considered deci-
sion variables , although they are conditional on the source of commission and the
component. It is important to note also that retention rates are currently indepen-
dent of grade and are dependent on year of service only. ’ Promotion opportunities
are among model input variables and constitute a policy decision by personnel
planners. Promotion opportunities can be differentiated depending on the type of
promotion (e.g., captain to major) , the ~~~~~ (e.g., pi lot) , and year in promotion
zone (years from eligibility to force-out). The planner makes implicit behavioral
assumptions when he assigns values along these dimensions. Variable promotion
opportunity of a limited nature is made possible by constructing three main distri-
bution matrices and computing separate values for p i lots, n av i ga tors , and nonrat ed
personnel. No explicit assumptions about human behavior are made in the  model .
with perhaps one exception. If a man is bypassed on promotion , he is more l ike ly
to retire at 20 ~‘ears than is a man who is promoted . An allowance is made , there-
fore , to reduce the number of men forced out.

..\ I i rni t ; s t  Io n found in s it ps rsonnei modet s discu.s.Qt’d 0 this report Work Is in progress at Rand.
however , that w i ll p ’rm t r etention rates to vary with promotion o p p o r t u n it y  Seo ’ Scetion on 0 $  i..\
‘s lo E) m d  OFI’M
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DYNAMIC TOPLINE MODEL

DYNAMIC and STATIC TOPLINE were designed to assist with the same
p lanning problem. Accordingly , DYNAMIC TOPLINE [34] is a grade management
model employed to arrive at art optimal distribution of Air F’orce officers ovei’ years
of service. The models differ chiefly in the distinction between dynamic and static.
DYNAMIC TOPLINE is an unusual dynamic model , however , beca use most dy-
nam ic models are used for short-term planning and not for projecting the long-run
consequences of implementing proposed policy.

DYNAMIC TOPLINE is a simple deterministic transition model in which plan-
ning factors ar-c used to age the force yearl y ,  Unl ike  STATIC TOPLINE . time is a
major factor in projecting the force structure , allowing p lanning factor’s such as
number in a state to change from year to year. Like STATIC TOPLINE . t he dyna ru -
ic model aggregates the force into cells using the same characterist ics. Also like
STATIC TOPLINE , t he model does not attempt to incorporate behaviora l assump-
tions. The model is subject to limitations in two main areas: retention , which is
independent of grade in both TOPLINE models, and promotion. Promotion is as-
sumed to be equal for any member in given grade irrespective of specialty or other
requ irements. Because promotion is assumed to be uniform (sometimes called equi-
table ) . sensitivity anal ysis on this key policy issue is precluded.

Besides producing annual estimates of the force over grade by year of service
for each “cell” over the planning horizon , the model also estimates costs of the
force , consisting of base pay and allowances , incentive pay, retir ement pay, and
proc u rement , training, and initial accession costs. These are computed directl y
f’r’om average pay or cost rates for each category -

The exercise of the model begins with an inventory of officers from the Uniform
Officer Record and groups them into cells. The force is aged by apply ing retention
r-ates (empirical base for FY 1966 through FY 1968) along with other policies and
planning factor’s that may reflect peculiarities of the year in simulation. Regular ’
officer s twice passed over are forced out, according to policy. The model also calcu-
lates annual  losses due to separations and retirements. As the’ force is aged each
year’ . long-range pi’ojections are recomputed and updated. Allowance s a r c  made to
account for nonaugmentation (officers not changed fr om r eserve to regular ) and
suspension from flying status , as well as promotio ns, procureme nts , augn ’sen tat ions ,
and costing. The mathematics is simp le algebra.

MODELS IN OASD/M&RA

The ,\ i r Korce was an innovator in personnel modeling.  who .’h ha~ now lss ’c ’ n
taken  up by all  the se rvice ’s . As a result ot ’a direct ive f rom the  Sec r e t a r y  ot ’ P e t e i i s m

in l972 , more intensive  DoD efforts in long-range manpow er -  p lanning have b€ ’ m .’n
und ’ ’t’ t , ske n through the Office of the Assistant Secretar of I) e ft ’rist ’ . M~in p ( iwe r
,i ml Reserve .-~ t hu ir s  (O..\S I)~ M &R A . That office has been in terested in si i~t eflt a t i ( ’
personnel manag t ’nr ent  since at least l9fS , howev er I Ri . p . l I - l i .

The TOPLI N K models w er e  deve’loped to solve offi cer dist  r ihut  to r i  p i  i ih de n i s
spm ’s.- iht ’  to  the  ,\ or’ Force and to assist in an over a l l  e’ffort to r n t- orpo r ’a t e a s\ st t r i o s

ri mac h to _ ‘t i  r Force manpower  managt ’nr e ’nt . \l a n~ ut the modeling te - lonrq t im ’ s
t h a t  evolved dur ing  th i s  ‘ h art . ho owm ’ v m ’ r , c :rn he used iii models it ’v m ’lo p s ’d in di

~~~~~~~~~~ I — —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 
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ent management contexts. Models used in OASD/M&RA emp loy some of the basic
Air  Force modeling t .echni ques, but have somewhat different purposes. This section
descr ibes three models used by OASD/M&RA. Two of them grew out of the Air
For ce modeling effort. DOPMS [16] is similar to STATIC TOPLINE , whi le  DEMOS
[10[ is based on TOPCAP [11]. TOPCAP is the TOPLINE model designed by the Air
Force for enlisted force analysis. Because DEMOS incorporates most of TOPCAP’s
t~’atur’es , we have omitted discussion of TOPCAP in the TOPLINE section. A third
mode l, NRETIRE [6), originated in the Office of the Secretary of Defense.

DOPMS: Officer Force Simulation Model

Manpower management interests in the Office of Manpower and Resei’ve
Affairs (M&RA ) are servi ce -wide and financiall y oriented. Consequently , whi le
DOPMS (Defense Officer Personnel Management Sy stem) is basically an officer
grade management model , it has wider app licability than the TOPLINE models.
Unlike the TOPLINE steady-state model , DOPMS includes procedures that cost. the
force. The model is a long-term planning tool that produces h ypot het ica l force
profiles and costs of the total end strength. Furthermore , unlike the TOPLINE
model , it offers greater flexibility in the way retention rates and procurement
sources are defined.

The Officer Force Simulation Model is a deterministic steady-state aggregate
model. To facilitate service-wide app licability, a dimension that aggregates the
force is included in the cell characteristics. The service-specifi c attr ibute is called
a ma nagement category, so personnel are grouped by (1 ) year groups; ( 2 )  grade; (3)
component; (4) procurement source; and (5) management category. These last two
attr ibutes uni quely determine a substructure upon which all computations are
separately applied. Within the substructures , subsequent operations divide person-
nel into year groups , sepa rate them into components , and finally distribute them
into grades. To compute total force distribution and total force costs, the model
sums over all substructures.

While this substructuring techni que bear’s slight resemblance to STATiC TO-
PLIN E s method of dealing with aggregation , TOPLINE ’s tea l contribution to
DOPMS is the “smear technique. ” DOPMS uses a modified version that , in line with
its overall broad e r- app licability, permits a more flexibl e definit ion of procurement
source ’ .

The pr’oblem addressed is: Given ( I )  different sour ’ces of procur’ ement such as
service academy , ROTC. and officer candidate school , an d ( 2)  in i t ia l  t ra ining z-ates
that distribut e the total procured from any single source into differ ’ent categories ,
find the dis t r ibut ion of the ’ in i t ia l  procuren r cnt by categor ies ari d sour’t ’c ’s Infor ’ma-
ti on input to this routine cor,sists of (1) procurements , P ,. w i t h  sou rces given in
order oI incr ’eas ing f lexibi l i ty ;  (2 ~ t r a in ing  flow r-att ’s from different sources, ti’ , ; (3)
tota l requirements . MREQ ; and (-I ) retention rate s . Using ti r e’  flow equation , the
mea n system tim e is computed. Given p,  procurement for- source’ i , t i)e number at’
peop le, r i , procured from source i in ca te gorvj  is f’ound by mul t ip ly ing the t r a i n i n g

flow rate tr h~’ t he number procured from source it

n , t r  ‘ p, -

_ _  _ _
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To find the total number of men in the system , rn ,1, multiply the number in
ca t egory  j fr om source i by the mean system ti me, tJ:

m,~ = n~ .K t ,1 -

Now , it is possible that one of tIi ~ sources does not flow into one of the categories
= 0) vet the total requirements are not vet filled. Since sources are input  in

order of increasing flexibility, it is possible to alter the initial procurements , the
initial  t raining rates , and the initial distribution over source and category. The
procedure does this by redefining these values based on the difference between the
computed and the required total number of men in the system:

n~. (m..  — mREQ )/ t. .

j= k
p. = —

wher ’e K is the total number of categories. Rates are then redefined ,

t a ’.. = n~./p~ -

This procedur e is repea ted , each time using the difference between the current and
previo us computed values of total men in the system , e.g.,

(m~ 
— m.1) / t 1~.

unti l  total requirements are filled. This modification of the smear techni que avoi ds
an expen sive i teration procedu re.

.\ second area of interest is the way retention rates are obtained. The model
accounts for differences in retention rates by the following characteristics: ( 1)
source; ( 2) category (service or subservice) ; (3) augmentation status; and 4 pr ’omo-
t ion status.  The resulting rates are referred to as additive loss rate ’s ; they consist
of

1. Residual loss rate , set by category an d app lied over all year groups. It is
the only loss rate app lied during periods of commitment.

2. End of obligation loss rate , set by source and effected for three years at
the end of initial commitment.

3. Nonpromotion loss rate , set by grade (0 1-05) and applied during list eligi-
bi l i ty ~‘ear u nt i l  force-out ye ar - .

1 Nonaugmentation loss rate ’ , set on ly for reserve commission source.

.‘\t l er the additive loss rate ’s are summed for each cell , the total r e t en t ion  r a t e
is computed for each cell. Retention rate ’s are taken over d i s t r i b u t i o n s  in previous
years in the component dimension and in the grade dimension to get a net retent  ion
l a t e  b~- grade and by component. The’ ra t io  of’ the lower to  h i g h er va lue  fl-am the
two dimensions forms an ad lu stment  factor. used in recorl-t p u t r n g  r e t en t ion  ra te ’s.

“l ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— —~~‘..—‘.~~~~~~- ~~~~~~~~~~~~~ -~~.
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These recomputed Fd~ m ’5 are t~ np l oy m ’d to d etermine  the number retained from one
year to t ire next.

Although there are s i mola r i t ~.* ~“ c~s’en ST..~TlC TOPL1NE and DOPMS ,
DOPMS branches out into d i f f e r e n t  , i r s ’ .o ~ First of all , the DOPMS main computa-
tional array is not determin ed by promotion opportuni t ies . so no sing le decision
varia ble drive s the whole sy stem By means of the addit ive loss rates technique ,
augmentat ion , promotion , lengt h co mm itment , and residual losses variously
contribute in importance as decis ion variables.  Secondly, because of the DOPMS
varia ble procurement source algori thm , more decision variables are available to
the p lanner in accessions policies. And , t h i rd l y , the DOPMS treatment of retention
is more comprehensive because retention is dependent on grade as well as compo-
nent and procurement source.

Outpu t  of force pro fil es is disp layed by component (reserve or regular ) and
grade over years of service. Unlike STATIC TOPLIN E , DOPMS estimates costs of
the force. Costs are based upon procurement , trai ning, base pay, socia l security
matching, death benefits , retire men t , vo luntary or involuntar y separation , and
contract bonus. The costing part of this model is supp lemented by output from a
dynamic retirement model also used in OASD/M&RA.

Of course , several assumptions made in DOPMS limit its range of app licabi l i t y :
( 1) equitable augmentation (not service- specific) ; (2) equitable promotion ; (3) no
lateral flow; and ( 4 )  no lateral entr’y (closed personnel system).

NRETIRE AND DYNPCM: Dynamic Personnel Costing Model

NRET IRE is a modified version of DYNPCM [21), a dy na mi c personne l costing
model designed to assist in a study of the military retirement system published in
the First Quadrennial Review of Mi l i t a r y  Compensation in March 1966-January
1969. NRETIRE is used in M&RA to suppl y retirement cost figures used in DOPMS
and to compare the present retirement system with suggested alternatives. In
deriving retirement compensation costs, DYNPCM also projects the force , prod uces
annual disbursements , and breaks total comi ensation down into its components.
DYNP CM ‘s raison d ‘~ tre , t hen , is to serve as a cost p lanning model. NRg’I’IRE uses
the retire d pay factor and is specifically concerned with the cost of ’ nondisabi l ity
retireme nt.

NRET IRE is a dynamic projection model. Its output is more predictive than
ideal. Accuracy of its projection is of course limited by the repr ’esentativeness of the
input  variables. Besides the transition probabilities based on ( 1) attrition rate ’s and
(2 ) morta l i t y tables , the inputs include (3) an active duty force distribution; ( 4 )
average force size; and costing variables such as (5) basic pay table ’; (6) separation
and equity pay; (7) perip heral pay; (8) wage growth and Consumer Price End e ’x
factors; ( 9 ) retirement a n n u i t y :  and ( 10) Social Security data.

There are two facets to this dynamic procedure: ( 1 )  The active ’ du ty  force is
projected from a given known total force strength and a given distribution over
veal’s ofioc t ive service . A constraint on pro cur ement is set to ma int a in  tot al  average
strength equal to the in i t ia l  year level. ( 2 )  The force is aged by s imula t ing  losses ,
ret rre me ’nt s, a nd procur er itents and is up da ted ve ’ar l v.  I ,ossm’s and retention rate s
hav e ’ an e m p i r i c a l  base d rawn from t h e r e l a t i v e l y  s table ~m ’a i’s KY 1 963, KY 1964 ,
and FY 1965, prior to tire ’ Vi etnam War. The non di sa hi l r t  retired p opulat ion is
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projected. The cumulative retired population , fed out of retirements from the active
force , is also aged annually by app lying expected deat h rates. Fut ure salaries and
retirement contributions , and their appreciation , are ca lculated. Using the salary
in the year’ any given man retired , his retirement schedule is calculated to include
cost of living and , if necessary, the retirement Social Security offset.

Like DOPMS, NRETIRE offers special treatment of loss rates. For aging the
force the p lanner can alter the model by initiating one or two assumptions concern-
ing attrition.

In the first case, he can assume future attrition will  be stable , so the number’
of people on active duty, N~ , for any given fiscal year j in year of service t is
determined by the following relationshi ps:

If ’ K is the total number - of different kinds of attr ’ition and i is the number of
com p l eted ears of active service . A k ,  is a k-type loss rate in YOS i. The total
n umber of losses is the sum , XL .

k
N L . = ~~~ A N .tj k=1 kt

and the number surviving to the next year is

N. 0 , . N , . N L,

The lac ~ of motion is more comp lex under t he second optional assumption. In
th i s  case’, t h e p lanner  nr a~ assume attr i t ion r a t e s  wil l  var . Of the var’ious a t t r i t i o n
rate ’s , it was beli e ved that  separations and retirement for nondisabi l i t v  would be
most sens i t ive , i,e. , wou ld y ield the most information on alternatives in force st.r’uc-
t are  fbr t he p lanner . so on ly these ar’e allowed to vary. Relationshi ps are a l tered
to consi der a change of a t t r i t ion rates during specific years by introducing special
a t t r i t ion rates S..\~j ( , as a function of the fiscal ~‘ear u nder consideration , so in
add i t ion  to  t ire nonvariant  losses fi orn k = 3 to K , t here are special losses for’
a t t r i t ion  typ e ’s k = 1 and 2. Hence , the ’ survivors to the f’ollowing year are

N~+ r ~ +i = N~ 
- 

(k ~ 3 ~‘kt  ‘ N
tj 

+ 
k~~1 k i 0) Nt i)

The per’sonnel pla n ner can study,  1w calendar’ year , t l ie ’ d i s t r i b u t i o n  of the
act ive ’  force by ~‘ c ’ar s of comp lete ’d service ’ and separa t ion  fr - urn active ’ du ty .  \ table ’
can Ire ’ compiled showing a n n u a l  calendar- y ear dishur’ se ’rn e ’nts Ir ~ ve ’ar -s of e’ornp let-
e d  service ’ br ’oken down by the components of’ conrpe nsation: basic pay, equi ty pay.
r eadjust nre nt pay. re t i red  pay , Social S e c u r i t y  offset , e t c .

l)EM OS : Defense Enlisted Management Objectives Simulation
Model

The last M & R.\ model survey e d , I) l’ \l ( )S , is based on the ’ A i r  l’or’ce’ model for
en l is t  e’d men . 101 )( ,\ P. It  is :i s ‘rv ice-wide grade ’ nra ir age ’nr e ’ii t  model t hat  4 ( 1st s t l ie’
f o r c e  w i t h  special emp hasis on promotion policies. It i r i r s  t he  add i t i ona l  tl e ’x il ’r i l i t v
of ’he ’ing able to study ind iv idua l  spe c i a l t i e s or groups of special t i e s  w i t  hi r t  sr i -vi c e
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as well as the service as a whole. The planning purpose ot the ’ model was “to provide
the individual with an orderly career progression and a relat i vel y sta ble career
expectancy with the most successfu l achieving grade E-9 and ret i r ing upon complet-
ing 30 years of se-vice ” 110, p. 2].

DEMOS is a steady-state model that projects and estimates costs of a force
structure , with personnel distributed throughout 30 years of service. Basically, the
model creates hypothetical grade and promotion structures described by length of
service and pay grade. Additionall y, for each grade, it allows the planner the option
of solving for unknown policy variables , given combinations of known policy vari-
ables. Unlike DOPMS , DEMOS does not have a management category among its
cells—in fact , it aggregates personnel only by years of service and grade—so service
differences have to be reflected in input variables.

There are two kinds of input to this model: mandatory and optional. Mandatory
input consists of(1) continuation rates by grade and YOS; (2) first year a person is
allowed in a particular grade; (3) last year allowed in the grade; (4) percentage
distribution of promotions into each grade by years of service in a specified promo-
tion zone ~used to determine what percent of total annual promotions to a grade
are from each year group of the zone); and (5) retention year for each grade (year
in which user can alter retention rates) . Optional input consists of at least six
different sets of given variables. Among the six run options allowed are: Given
retention rate and promotion opportunity , solve for grade total and low year input
(number of promotions into grade during first year of promotion zone) . Another
combination might be: Given promotion opportunity and grade total , solve for low
year input and retention rate. With this policy flexibility, the planner can study the
effect of different policy variables on costs and trained man-years .

This flexibility stems from the structure of the model. The fundamental equa-
tion of the model is

X1,.1 = R g, > .. X 4 m 0 + Z,, , —

wher’e X~ is the number ’ of peop le in grade g in YOS i , R~, is the probabilit y of
remaining in service from YOS (i 1) to i and not being promoted , Zg, is number’
of promotions into grade g in YOS i , and Yg, is number of promotions out of grade
g in YOS i. The total number of people in a grade is

h

~ x .
~~~~ 

gi

where s is low ~‘ear and h is hi gh year in the grade.
The algorithm works backward , beg inning with the last gr’ade. to determine tire

num ber of ’people in cells of the grade by year ofservice distribut ion. This is feasible’
beca use, this model being steady -state , promotions Z out of one state  (g, i ) equa l
promotions into the next:

Zg, Y gm 1~, -

l’or t ir e ’ last state g, Yg, = 0 for all i and therefore promotions-out is a known
0 value , and then Z~., can arb i t ra r i l y  he expre’sse’d as a direct proportion of any one
of the  promotions-in for a YOS , i :

_ _ _ _ _ _
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Z. = k Z , , where when i = j, k =

and kj > j > 1 are ’  inputs.

Once the Z’s for tire last gr’ade ar’e known , \“s for the previous  grade ’ are known ,
And given retention r’ates , proporti onalit y cons t an t s  ( k )  p r -onr ot i or l- out . and t o t a l
in gr’ade , it is possible to derive pr’omoti ons into the grade by s o l v i n g  the  fo l lowing
sets of sir ’ ultaneous equations:

x = z y
gs gs — gs

Xgs+ i  = 
R gs+i  ~~~ + Z g s + i  

—

X ‘ = R  X + Z  - Y
gh gh g,h—1 gh gh

h
T = � Xg k s  gk

w hen -c Tg is tota l in grade g.
Given th is  basic framework , the f l ex ib i l i ty  of t ire  model is ev ident .  For ’ example ,

the equations ma ke it possible to derive th e  pr’ onr otion o p p o r t u n i t y  PO~. t he prob a-
l r r l i t v  t ha t  by the end of the zone an ind iv idua l  wi l l  he i n the ’ next  hig her grade. Let
oZ . be I ir - st- v e ’~rr  p romot ions  i n to a grade. Each o f ’ t ire equa t ions  e’an be’ r - e’ w r i t  te ’n
i t t  terms of ’Z , so a r e p r ’ e’se r r t s  the sunr of ’known r ’e ’t e ’nti on rate ’s and propor t iona l i ty
fbctor ’s . I f ’ X. is a number’ of’ people in a gr-ade fbi’ th c ’  last year  of’ the’ zone .

x
( 1 - P O  

~~~~~~~~~~g a, Z
ri gs

or ’ the  pr’o ba b i l i t y  ofnot being promoted isequa l  to the  r’at io of ’ the  numb er’  of peop le
le ’f I in tire grtrde to the number ’ of peop le who would have ’ k e r r  there ’ if some h a d
not bee’n pr’o rnoted . This n ’elat ionshi p can be res ta ted as 1~( )  = /3. a Z , whe ’ n-e’ ~
is t he  sum of all promotions-out and con’r’espor iding r e t en t ion  ra te ’ s .

ua fly, DE~1() S’s o v e r a l l  tr’eatrn ent of ’ promotions entails two n i e r di f ie - a t  ions
of’TOPCAP. One’ of ’ these i t e r a t i v e ’  pn’ocedure s or’ subr’outine s is called SEEK , whic i r
a t t e m p t s  to nrate’ h a pn-edetermined promotion oppor ’ttln ity to a promot ion  zonie
distr ibut ion t lrat  ge ne rate ’s  the given I’O - ‘ l ’ ire ’ other’ su l )n’ out i rie , ADAPT , if ’  give n
promotion opportun its ’ , PO~, trn ( 1 r ve rage Y( )S at pr’on not iou , f inds promotion zone
d i Stn’ I I ) U t  ions t h a t  generate a pn’on iotion oppor tun i ty  to  rr i atch those give ’n.

T h r e e  ki nds ut costs ar - c ’ computed: ( 1 )  st i~t ic nro de ’l cost s. ( 2 )  inv e ’stmer it nro de ’ i
c osts. and ( 3 (  full equ i l i b r ium costs. S t a t i c  m odel r e st s  ar’e ’ used to compar’e alt en ’na-

ye t o i  e s ;  the y r e p r e s e n t  t l ie ’  i nves tment  ne c essary to ease 2 a t o n ce ’  t ire ’ ( ‘u I ’r’er it
v e a l .  to cove r p rocurement , I r a i n i n g ,  and m a i n t e n a n c e  c r e s t s .  Re ’t ur’ e ’rn e ’nr t costs ar - c’
ion’ t i r o se who retire t h i s  ve i n , I ( i e ’ ~ ce r i r s i s t of t he  a m o u n t  n e ’ce ’ss ;irv te e  i n v e s t  to

‘l’tre ’  i t  F i t  ~ T I , ’ . I ~~’~ IS t ’ f l rp l t ,vt ’ d r , O ’ ’i l i e u  ii letr ~ 
- ‘ 

‘ i i  . ‘ ‘ i~~’ i . is i t l~ u n p I I , ’~ l i i i  ( i ~~i I I
i f  ! tn ’ ), ~~r . ., . r v l , i I , .  ( ‘ i r v ing  r n i r i e i i , . ~. ~~~r , n . , r , , . , a  , . ~ i t — h i ;
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cover retirement for every ~‘ear u n t i l  the retiree ’s dea th .  The to t a l  investment  is
therefore

I P . + AP , R , • FR ,

where  I = tota l investment
= pn ’ocurement costs

AP. = active pay costs
= re t i rement  costs for’ ye ’ar in quest u r n .

0

FR = ~~~~ 
m 

, future retirement cost-s

k=1 (1+0

where R are future :etirement costs discounted by i for life expectancy of retirees.
Various other costs are derived: multi ple year costs, delayed lease costs , transition
costs.

Depending upon the options specified , model output includes grade totals ,
promotions by grade, last and first year in grade , promotion opportunity ,  retention
rates, retirement , an d trained man-years. Among the costs disp layed are total force ,
train i ng, ret i remen t , procurement , and maintenance. Another important output for
M&RA policy analysis is cost per trained man-year. In evaluating the merit of
different personnel policies , t he planner uses these costs per tra ined man-year . so

that both costs and trained man-year are functions of the policy variable under
consideration.

TOP LINE MODELS

This section discusses models nonr igorously classi fied as TOPL 1NE- lrke models
and their adjuncts. The impetus for the development of TOPLINE models was  ii

desire for a systems approach to personnel management in the Air Force. Various
mode ls besi des t h e prev iously discussed STATIC TOPLINE were and are being
developed to assist in stud y ing the effects of centrally managed and controlled
conditions on the flow of Air Force personnel through the force structure. The final
plan is reported in Volume 2 of the USAF Personnel Plan , [Officer Structj re (TO-
PLINE ) 19711 24) . The specific models described here are DYNAMIC DOPMS 7 ) ;
two other models , OGLAMOD [13) and OFPM 114] , of Rand origin; and OSSM [4 ) .
designed by A i r  Force Mil i ta ry  Personnel Center (AFMPC ) . Briefly surveyed is the
sy stem of mode ls currently used by the airman planning section.

DOPMS

As mentioned previousl y, the or iginal  STATIC and l ) Y N A M I ( ’  TOPI , IXE
models h a v e ’  been superseded. At the present t ime , STATIC DOPMS . discussed in

~
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the OSD/M&RA section , is used by the Air Force in place of STATIC TOPLINE.
This utilization is possible because of the versatility of the basic DOPMS model—
the way management categories and procurement source uniquely define substruc-
tures. Additionally, a new dynamic model has been developed at Hq USAF called
DYNAMIC DOPMS. This mode! supersedes DYNAMIC TOPLINE. Both of the
DOPMS models are based on a better understanding of the officer personnel system
derived from the initial TOPLINE models and are updated to reflect a more com-
plete knowledge of the proposed Defense Officer Personnel Management Act [11].

DYNAMIC DOPMS

DYNAMIC DOPMS is the successor to DYNAMIC TOPLINE. Although it
incorporates many TOPLINE features , it is different enough , especially in the
treatment of promotion , to qualify as a separate model.

Like DYNAMIC TOPLINE , DYNAMIC DOPMS is a long-term grade manage-
ment projection model. The typical planning horizon is ten years, although it can
run for more or less than ten years. Unlike DYNAMIC TOPLINE , DYNAMIC
DOPMS does not yield a hypothetical force structure and , although it is more
predictive than the TOPLINE version , it must be stressed that it is a planning
model used to test different policies and not to assist in short-term management
decisions. Additionally, DYNAMIC DOPMS has costing routines that yield yearly
and cumulative costs. In accord with the planning purpose, these costing routines
do not produce budgets, but rather approximate periodic costs to allow planners
another comparative means to evaluate policy changes. The model has additional
flexibility: It can be used to plan under the current system or under the proposed
DOPMS system , or can account for transitional effects between the two systems,

Like all dynamic models, DYNAMIC DOPMS begins with a force inventory
taken from recent personnel (UOR) files. The (regular/reserve) force is aggregated
into cells by ( 1) source of commission , (2) grade/DOR (Date of Rating) , (3) rating,
and (4) year of service. Members of this inventory are augmented (reserve to
regular) , suspended (fro m flying status), attrited , promoted , and then aged one
year. New officers are procured and the cycle repeats itself until the terminal time
period is reached, All these actions correspond to the law of motion found in
DYNAMIC TOPLINE , but treatment of these policies differs in DYNAMIC
DOPMS, primaril y in modeling attrition and promotion.

With few exceptions , the augmentation and suspension routines are identical
to those in DYNAMIC TOPLINE. The exceptions are: ( 1) Allowance is made to
incorporate ’ Defense Officer Personnel Management Act (DOPMA ) augmentation
rates, and (2) if the cell size is too small , lots are drawn using a random number
gener’ator to determine if all or none in the cell is augmented (suspended) . o ther-
wise, the appropriate percentage of the cell population is augmented (suspended ) .
Augmentation rates that  determine the number are analy st-supplied inputs  to the
model.

Simulat ion of the other policies diverge ’s more from the TOPL IN E approach.
In the a t t r i t ion  routine , t hree basic losses arc ’ accounted for: ( 1 )  normal a t t r i t ion ,
(2 ) force-out of’ tw ice-passed-over captains , and (3) force-out of re ’se ’rve ’s as a result
of tire ’ requirements ofDOPMA augmenta t ion  po licy . Part ofthe reason D Y N A M I C

_ _ _ _  -- ,,
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DOPMS is more detailed than DYNAMIC TOPL INE is that the basic losses are
simulated monthl y . Furthermore, at present, the loss rates are derived from the
[OR tile using the Air Force version of AID [351, and ti r ey are distributed over the
months taking into account “seasonal adjustments . ” Loss calculations are per-
formed monthl y on a grade by grade basis , and once the number of vacancies in
a grade is thusly determined , promotion can take place. Vacancies are determined
by comparison of the current inventory with year-end requirements. These require-
ments are limitations set by grade based on the Officer Grade Limitation Act
(OGLA), and are input to the model as a constraint,

Promotion is the most complex policy simulation, This complexity results from
an ent i ty call ed a promotion l ist , which causes the addition of a dimension—promo-
tion cells—to the aggregation set of the main array. As mentioned before, one of
the attributes upon which the force is aggregated is the grade/DOR dimension. The
program has conversion arrays that allow DOR to be interpreted as rank and YGS
to be interpreted as a promotion cell. Thus , while the promotion list is indexed by
what appears to be a years of service dimension , they are actually years in the
promotion stream , which may not correspond to the cell members ’ actual yea rs of
service. The promotion list holds the numbers selected for promotion from one
grade to the next indexed by the year of service they will be in when promoted.
Vacancies in a rank are filled from this list , starting with the earliest fiscal year of
selection and the highest promotion cell from which the members were selected
(date of rank seniority) .

Members of the force are selected for promotion and entered in the promotion
list by simulating the promotion board. Depending on the degree of attrition and ,
hence , t he number of vacancies , the prom otion board can meet any num ber of t i mes
a year , although initiall y it is scheduled to meet once a year. Those eligible for
promotion are aggregated in promotion cells that correspond to years of service.
Some of these years of service , in turn , qua lify as years in the promotion zone. The
number of selectees is computed by multiplying the promotion factor h~- the num-
ber in the primary zone , and the selected number is entered on the promotion list.
The promotion cells are then aged one year. Those twice passed over for promotion
are discontinued.

The whole inventory is aged one year; then accessions are accounted for from
Academy , ROTC, and OTS sources. Some of these accessions are trained as pilots
and navigators. A minimum value is set on the number to be tra ined to assure
preparedness. This lower bound is another constraint on the system.

The costing routine [36 [ is detailed and accounts for costs derived from acce’s-
sions, various kinds of training and pays, and retirement. The cost computation
includes escalators to account for the rate of inflation. Retirement is treated as a
once-paid annui ty  and is discounted to t he year of retirement in the simulation , not
to present dollars. Critical inputs to this model are the loss rate s and requirements .
The loss rates are important because they drive the promot ion systeni-r . The require-
ment .s. the total force end strengt h , yea r-end grade requirements . ari d the lowen ’
bound on t ra ining are important constraints on the system. Given accurate loss
rates an d reasonable requirements , t he decision variables that consist of promo-
t io n , a ugme ’nta tion , and t ra in ing times and prohabi l it ie ’s can be varied to test the
vi ,u hi l i t ~ of a lter’n ative po licie ’s.

_ _ _ _ _  _ _   ~~~~~~~~~~~~~~~~~~~~~~~~~~
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OGLAMOD: Officer Grade Limitations Act Model

Most models designed to assist the Air  Force in carrying out the management
obje c t ives  established by its Personnel Plan (TOPI. INE ~ are computatio n a ll y inde-
pendent ut grade. OGLAMOD , however , treats gra de l imi ta t ions  as an input and
det ermi nes policies that  maintain riven numbers of men in each grade. It allows
t he manpower analy st to engage in long-term p lanning,  given that  a higher source
has imposed grade authorizations.

Like STATIC TOPLINE , OGLAMOD is a stead y-sta te determinist ic model. It
is a lso employed in long-term planning. and its results are h ypot hetical. Levels of
aggregation defining a state are those common to all TOPLINE models: ( 1) compo-
nent ;  12 ? grade; 3) rating; ( 4 )  source of commission; and ( 5) years of service.

This model is atypical among the TOPLINE officer models because computa-
tions are performed backward from the last state (colonels and above with 35 YOS)
‘ar id beca use output consists of policies that are usuall y input in the other models.
The r’ationa le behind this approach stems from the grade limitations imposed by
Congress and the imp lications of operating at or near the actual limit.  Inputs to the
model hesiJ , : grade authorizations are loss rates and flows. Because loss rates are
an input , the E - ackward calculation of force structure is possible. App lication of loss
rates y ields the number of empty positions in the last grade, which in turn deter-
mines the number of people moving into the last grade. Because steady-state equi-
l ibrium must hold , this process can be repeated recu rsive l y un t i l th e procu rements
for the first grade are determined. The flow inputs consist of”flow ratios ” and flow
distributions.

The flow ratios specify the branching ratios relating the flows out of each state.
After branching occurs , the distribution by YOS is specified by input flow distribu-
tions. Accordingly, the flow inputs set YOS distribution and ratios over combina-
tions of these kinds of branching or transfers: losses, augmentations , rati ng trans-
fers, promotions , and lateral movements through the officer structure. (Augmenta-
t ion denotes advancement from reserve to regular status.)

Because of the aggregate property of the model , t he fl ows a re app lied to a proxy
for grades i called categories. Categories C ( t )  are functions of years of service , t ,
where each category is a uni que set of the other attributes in the aggregation se’t.
For instance , the total number of men in a cell i at any given ~‘ear t is:

J
= ~ X. . ( t )  T. — Y .( t )

j = 1 j , r j I

where J is the total number of distinct kinds of transfers , including lateral move-
ments , promotions , augn-rentations/ promot ions, or augrnentat ions ; where X , are
different distributions of these tr an” (’i :~~~

- where T~ is the total number of men
affected by these transfers; and Y~ t ) is the outward movement for the grade catego-
ries by YOS t. The T’s are defined in relationship to flow ratio inputs and , along
with equations for the C’s, form a set of simultaneous e ’ q e i : r t i c u n s  to he solved. The
total grade authorization for an~’ category i is

3!,)
e ’, . = 

~~ 
( ‘ I t ?

I I
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Output from this model allows the planner to studs ’ projected inventories of
officers by year of service and grade sorted on any of the cell attributes. Detailed
officer flows are also given showing flows into and out of a state ’ along with the total
in the state. Other outputs which constitute a personnel polic- v in the TOPL 1NE
sense of the term are given: rating transfer , loss, augm entation , and promotion
rates

As mentioned previousl y , OGLAMOD is unusual in generating values of these
decision variables. This result is possible because OGLAMOD has a comp l ementary
model which assists in providing the rather complex input.  OGLAMOD ’s comple’-
mentarv model is COFPM , the Constrained Officer Force Progression Model.

These two models can be regarded as a sing le two-stage model in which the two
stages serve as testing grounds for each other in the personnel p lanning process.
There is still interaction between model and user that requires decisions based on
t h e planner ’s expertise , but more of the counterintuitive or complex calculations
are left to the interaction between the models. (Work in progress at Rand interfaces
these two models with a third mode! that  varies retention by promotion opportu-
n i ty . ?

COFPM: Constrained Officer Force Progression Model

Because of the two models interface , the Constrained Officer Force Progr ’ession
Model is similar to OGLAMOD in the degree of aggregation and the definitions and
identi fication of flows between states. They differ in the kind of input , the direction
in which calculations are made , and the treatment of promotion.

COFPM requires four manpower constraints: ( I )  size of total officer force’, (2 )
size of regular officer force , (3 and 4) number of rated personnel that hold the rank
of lieutenant colonel or below , along with several decision variables to control
career reservists (career promotion opportunity, number of career reserve selec-
tees, and to t a l  career reservists) . Additional inputs consist of(1)  annual  accessions;
2) loss rates and policies; (3) augmentation rates and policies; (4) training rates and

policies; (5) promotion phase points; and (6) promotion opportunities and policies.
These last inputs are especiall y important because COFPM’s detailed treatment of
promotion is based on the notion of a promotion phase point , the one year out of
the four years in the promotion zone when most promotions take place. While the
defini t ion ut p romot ion opportuni ty is s imilar  to that in STATIC TOPLINE , it is
more complex in COFPM . It specifies and solves a set of simultaneous equations to
allow f’or differences in promotion over the first (primary ) zone and the second
(secondary) zone. Beginning in y ea r ’  one , when the number in state one is ti -re
numb er  procured (promoted ) , t I l e ’  model compute ’s losses, rating transfers, augmen-
tations . and pror u -rc. tions per -ta m ing to eac h state.

This procedure is further’ complicated by the imposition of requirements. They
are met by se ’qu enti all y bui lding substructures determined by source of com mission
that  work th rough  the ’ differ -em policies appropriate ’ to a given level ofaggregation.
The order followed is ROTC, Academy , and OTS. In effect , the requirements are
satisfie ’d by ite ’r ativ c ’ lv adjusting (increasing ‘decr ’e’asi ng) end of obligation loss rate ’s
(which ma Y not. fall below an input  lower bound ) .

The value of (‘OFPM to a personnel i~lanner is its abi l i ty  to locate irre ’gula r
officer flows on a microforc e leve l . The’ cost of such de ta i l , o(~ course’ . lies in tire ’

_ _ _  __ --
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complexity of calculations and the input/output routines. The planner can stud y
the distribution of officers by component , rating, YOS, or source of commission , and
the flows into and out of each category. Additionally, COFPM displays losses, rating
transfe rs, augmentations , and promotion numbers and rates by YOS format over
all combinations of cell characteristics. Also, it gives the distribution of promotions
and augmentations necessary as basic data input for OGLAMOD.

OSSM: The Officer Structure Simulation Model

The Officer Structure Simulation Model is actually a family of three models
developed by the AFMPC. Unlike the other TOPLINE models , which are mainly
grade management models , the OSSM group is designed to look into other prob-
lems of career management and force composition such as Air Force Specialty Code
tAFSC) assignment and management, manning by AFSC, and training require-
m& ’rrts. Two of the component models are long-term planning tools employed to
a n a l y z e  trends in the officer force: Total Force Aggregate Model and the AFSC
Anal yzer .  The’ third , called the Entity Model , provides short-term projections. Be-
cause they can be used to estimate costs, these models are also useful in budget
p la nning.

The three models in OSSM are dynamic. Each is designed to meet specific needs
of a planner , and each illustrates how different objectives direct the design of
i n puts , structure , and outputs of a model. These submodels estimate the configura-
tion and cost of the existing force at some future point in time. They are predictive
models looking at personnel actions and policies such as accession , training, educa-
tion , integratio l (augmentation) (reserve to regular status), promotion , reassi gn-
ment , attr i t ion , end of obligation losses, separation of career officers , and retire-
ment. Two of the models are deterministic and aggregate, resembling DYNAMIC
TOPLINE , but they break down the officer force by AFSC as well as project the total
force. They are used for long-term trend analysis. The Entity Model is stochastic
and follows individuals through the system. It is designed to give greater accuracy
in short-term planning. Both kinds of models use the same data base, generated
from empirical cases, in the form of probabilistic transition matrices found in a
Prediction Factors Table. These elements include (1) loss rates (the only data used
from the table in the Entity Model); (2) promotion rates; (3) lateral transfer rates;
(4) integration rates (transfer from reserve to regular component) ; and (5) acces-
sion/distribution rates. The last four are used onl y by the aggregate models.

Entit y Model. As the name indicates , the Entity Model does not aggregate’
personnel into cells that are defined by characteristics. Instead , it works with the
individual  record of each officer in the system, and its predictions are therefore
more specific. It does not model an average behavior as other TOPLINE models do.
This model selects characteristics from the data file appropriate to the decision
being made and incorporates behavioral assumptions in a closer mapp ing with the
real world than that found in the other models.

To simulate real world actions , the model uses a random number generator
when selection or decisions appear to be out of the rational control of the planner
an d in tire ’ domain of real world contingencies and variance in choice’s or chance
happe ’nings. Because of this design element , the Entity Model is stochastic r a the r
than cle ’t e ’rmini stic. When decisions are within the ’ purview of the personnel s ste ’nr .
the model follows the logic and rules corresponding to give ’n policy actions.
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To allow for greater flexibility in use , this model has a modular construction .
Each module simulates a policy action or decision. Combinations of policies can be
studied by adding or deleting modules. The standard procedures are promotion ,
accession , and losses, but short-term drastic policies such as an RIF (Reduction in
Force) can be simulated , as well as two long-term processes—integration and as-
signment.

To illustrate the simulation process found in the Entity Model , the following
text briefly outlines the promot ion module ’s procedure: First , eligibles are selected.
If a record has proper grade , sufficient time in grade , and correct promotion catego-
r’y, it is tagged. All records are then sorted by Officer Efficiency Rating (OEF)
mean. 3

(The designers suggest that a regression analysis be incorporated here instead
of using the OER mean to predict who will be promoted.) At the predesignated time
interval , the “board” selects promotees. Second , the procedure sets quotas for each
year in the promotion zone. Third , promotions are set to correspond with quotas,
and fina l l . the actual change of rank is performed.

Outputs from the model include: (1) AFSC management and assignment ac-
tions; (2) the manning plan , a quarterl y report predicting assignment actions for
three years in the fucure ; (3) force profiles (similar to DYNAMIC TOPLINE); (4 )
OFFICER TPR (trained personnel requ i rements), an annual report matching force
requirements by career field against preiicted gains, losses, and other flows; and
(5) any user-supplied subroutine that calls upon output files written on tape by the
model.

Aggregate Models. The two aggregate models are the Total Force Aggregate
Model and the AFSC Anal yzer. Both are predictive , deterministic trans ition models
that use transition probab ilities to project from one state to the next. These models
also have modular construction so that one policy or any  combination of policies
can move personnel through the structure. The Total Force Model aggregates by
component , source of commission , gra de, ra ting, ra ted job category, and year of
commissioned service. The AFSC Analyzer has three optional levels of aggregation.
All three app ly to rated AFSC, an d one app li es to su pplement AFSC as well. All the
aggregation levels group by com pone n t , major command grade. a nd rated job
category, and variously use years of commissioned service, years of rated service ,
or total f ly ing hours as the last dimension.

The probability of being promoted depends on gr-ade and year’s ofcommissioned
serv ice. The values may be set by input or’ defaults from hi storical data . Additio n al
flexibility is achieved b~’ letting the planner fix one of the three var iables and study
the effect of va ry ing  the other two. One ’ may fix the promot ion phase point or grade’
totals or promotion opportunit ies. Force-outs are also set e’ither by input or default

The aggregate models estimate costs of the force in nin e major categoric ’s:
sa lary ; miscellaneous pay categories (medical pay, hostile fire .’ pay, etc.) ; l)ro(’ure-
ment ;  ini t ia l  fly ing t r a in ing 4 advanced fl y ing tr’ a ining; technical t ra ining;  education ;
and retire ment .

The Air Force Enlisted Ma nagement System

Although the kernel of the conrpute ’r-based airman p lann ing  system , DETh )~ .
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has already been discussed in the OSD/M&RA section , some attention is given here
to the specific application found in the Analysis Branch of Personnel Plans at Hq
LSAF ( I I  ~ . Like static DOPMS, the DEMOS Model is versatile in its applicability.
In fact , in the system of models used for the enlisted force , DEMOS has two
di fferent applications. In the one case, it is used for career field management and ,
in t he’ other , it is a grade management model.

The sy stem ’s ini t ia l  concern is to determine the skill mix within career fields.
These derived skill level4 requirements are then interfaced with total force grade
ma nagement objectives.

Input  to a skill projection model is the total force size. This model outputs
ski ll . leve l 7 and 9 authorizations. These requirements , in turn , are input to a
version of DEMOS modified to operate on career specialties rather than grades,
along with loss rates (given by AFSC and year group), and rates on the upward
movement of skill-levels 7 and 9. This DEMOS model gives the career force configu-
rat i on t h at , in turn , is input to another DEMOS model along with loss rates and
total force size. Outputs from this second DEMOS model are a grade by year of
service distribution and promotion opportunities.

Three other key models complete the system. The Topgrade model uses
DEMOS ’s distribution and promotion opportunities to separate the grade/YOS
distribution into Career Progression Groups. (This term refers to a class of AFSs
that have historically exhibited interaction. ) A linear program optimization model
minimizes the difference between output from this system of models and exogenous
manpower authorizations. And , lastl y, a dynamic program is used to age the cur-
rent inventory and test these policies in a more prescriptive vein.

ARMY MODELS

Manpower planning models for the Army have evolved rapidl y during the last
four years. Since 1972, several new models have been developed and manpower
planning has been intensified because of the advent of the All-Volunteer Force. To
establish requirements for the objective force, the Army has used the static model
DEMOS previously described. Of the many concerns in Army manpower planning,
both career field management and total force strengt h have been stressed. Because
of the interest in these areas, three models relevant to these issues are surveyed
here. The first is the Central Integrating Model—Officers (CIM-O) [3], an officer
grade management model designed to evaluate differing policies as they affect end
strength. The second is the Central Integrating Model—Enlisted (CIM-E ) 181, which
attempts to allow planners to study policies affecting total enlisted force strength
and career field management within a single model. The last is the Automatic
Interaction Detector (AID-E ) [37], which predicts loss rates. (Although there is a
complementary model for officers (AID-O ) , it is omitted from discussion here be-
cause of its basic similarity to the AID-E. ) Accurate derived loss rates are essential
because of the unreliability of historical rates. The Army faces a data problem ,
since the draft and the Vietnam War have rendered pre-1973 data meaning less.

The teve ~! of quali&ation in an Air  I’orce’ Specialty ..\FS), a group of u- e lated positIons . dean,’,) is
l i t  helper. (3) semi ski l led . 5) skilled. 7) advanced , (9 su pervi s or.
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CIM-O: Central Integrating Model—Officers

Along with the other two models surveyed in this section , the CIM-O was
comp leted (in 1974) as part of a two-year contract “to assist the Army in increasing
the reliabili ty of manpower strength and composition projection several years into
the future ” [3, p. 1]. This contract was granted by the Assistant Secretary of the
Army, Manpower and Reserve Affairs , and the Office of the Deputy Chief of Staff ,
Personne l , to GE-TEMPO , the Technical and Environmental Management Plan-
ning Operation of the General Electric Company.

CIM .O is a dynamic predictive model with a five-year or less plann i ng horizon.
It is not used for long-term planning. Its planning objective was to give short-term
accurate st rength configurations of the force that would allow planners to study
difFerent policies relating to end strength , losses and gains , and promotion. It does
not cost the force or provide budgetary information on retirement.

Because predictive power and accuracy were given priority in desig ~~uei ~i-

tio ns, CIM-O is an entity model that identifies each member of the officer force by
fifteen data characteristics. As a result , the model requires extensive data manage-
ment capa bilities to order and select the basic inventory, which is drawn from the
officer master tape records. An obvious disadvantage in these models is their exten-
sive processing of data files , which entails long run-times and the necessity of
h aving expert ly tra i ned personn el to maintain th e system.

In the policy simulations that constitute the model ’s law of motion , both deter-
minist ic  an d stochastic methods are utilized , so the model is categorized as stochas-
tic. In terms of this and the other classifying attributes previousl y mentioned , the
( ‘IM-O is most similar to the OSSM EntiL Model.

This s imilar i t y  also extends to modular construction. The CIM-O consists of
four  main procedures: (1 ) An editor controls data file management to generate the
begi n inventor y from master records. (2) The rates and constraints module holds
a ll inpu t , except t he begin inventory, to the policy simulator. This input module
a llows user in t er face  with the system and permits interactive submittal of decision
variabl e ’s as well as historical rates , authorizations , or other constraints. This phase
of the model is user-oriented and provides diagnostic messages before execution if
an input  error occurs )3) The simulation module actually applies the policies to the

4 officer inventory by first computing losse’s , t hen gains , then promotions. It finall y
ages t he force one year by incrementing the time-variant variables that identify
rorce members. ( 4 )  The report w r i t e r  is an output module that offers up to 130
options. Each of th e ’ s summaries is indexed by grade and other of the various
i dent if\ - ing variables. Gen eraUv . four classes of output exist: end strengt h , losses.
gains , an d promotion.

Input to the policy simulat ion includes loss rates (given by loss causes) that may
he derived from the Automatic Interaction Detector loss prediction model for the
officers . Also necessa ry for loss projection are’ anal yst-supplied data on reduction
in force . . -\c cessiens input consists of requirements—Authorized Branch End
Strengths  ~a nd ana ly st-designated “fenced branches .” those branch es~ w hose re-
quirements must be filled , a long wi th  desired and minimal  percentages of require-

Br~en c ) ie- ’ are’ o rg .Iu u i7a tion div isions o f t h e .-\ r un~ by occupational areas that  control .essignme’nts
and ot her pe rsonne l m a t t e r s .  Th i-i includ e , .\ l) Air Deti’nis ’ Art  i l le ’ rvr , CII (Chaplain) , TN . In fantr y) . W( ’
Wom en ’s Army Corps 
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ments acceptable in the other branches. Promotion and integration (reserve to
regu lar) selection rates are given by simulation year and grade for both reserves
and regular Army along with grade end strengths.

In the loss routine , the records are first eliminated on the basis of information
that absolutely determines losses (e.g., RIF) . Those records remaining are then
processed for probabilistic modeling of’ losses. For each loss cause (voluntary, ma n-
datory or disability ret irement , discharge , promotion passover , etc.) ‘t probability
exists in the loss rates file that is uni que ly determined for each officer by the set
of attributes (fifteen variables) peculiar to that officer.

Procurement is interesting because it is determined by branch , An iterative
procedure fills the branche s by priorities , yet maintains an ideal distribution of
procurements over the lower priority branches. The number to be procured is
determined by comparing the inventory after losses with the Authorized Branch
End Strengths.

The constraint operating on promotions is Authorized Grade End Strength.
Again , the inventory after losses and gains is compared with these requirements
to compute the number of vacancies. Promotions are computed by zones (primary,
above, below) by first computing the total to be promoted (given percentage for- the
zone t imes vacancies ), then adding numbers in a grade by monthl y increments
decreasing from the last month in the zone until the required number is met. This
procedu re is possible because members of the invento ry can be identified in a grade
by ti me (months ) in grade array.

CIM -E: Central Integrating Model—Enlisted

In 1974 . t he Central Integr ating Model for the enlisted force (CIM E) was
developed by GE-TEMPO under a two-year contract from the Office of the Assistant
Secr€ ’t an ’y of the Army, Manpower & Reserve Affairs. The model addresses the
integrat ion of two key problem areas in the Army manpower prediction system:
en listed strength and career field management p lanning. While the first is mainl y
concerned w i t h  total manpower in the force , regu lated within constraints imposed
by DoD and Congressional directives , the second is concerned with a balanced
composition of grade, skill level , and years of service within the force structure .
Re ’a l iz ation of these operational objectives independentl y can lead to con fl icting
policies. Accordingl y , (‘IM-E attempts to study the effects of total strengt h con-
st raints  on grade and years of service , as well as skill level , It also projects cost of
the fbrce so al ternat iv e policies can be evaluated in regard to budgetary con-
st r , i i f lt s

The manpowe n ’ planner  can manipulate several decision variables. To control
t he objective force , t h e p l anner su pp lies total strength and grade constraints dis-
tr ibuted by grade and y ears of service. The planner can also supp l y reen listment s ,
l osses , procur ements , returns to mili tary control . ot he ’r gains , demotion rate ’s , pro-
motion I -ales , and cost factors, To study the effects of al ternat ive value ’s for the ’se ’
decision variable ’s . several kinds of output  are ava i lab le  to the p lanner:  ( 1)  Sum-
mary of ’ losses. gains , promotions , demotions . and enl is ted st rengt h for the to ta l
force. These are broken clown by grades in the f i rs t - term f iun’ c e . 2 ) A distribution
of the total force’ by grade and time in se.’rvice. 31 The obje c t i v e  force’ d i s t r ibu t ions
by g r r i l l e ’  and time ’ in serv ice .  ( 1) Gr o u p  shortage ’s by grade. (5) Gross  cost per year
for the ’  total fon ’ce ’ . 6 Summary of’ all  l’ro.je cted promotions and demot ions .
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Another feature of the model allows this output to be for selected subsets of the
or iginal force inventory. These subsets are sorted by characteristic’s of’ eac h in-
dividual in the Enlisted Master File. Variables such as sex , mental group, race ,
civilian education , and career’ management field (CM F) can be excluded or m c ’ uded
in different combinations. Hence , if the career field management p lanner wants to
study members ofcertain CMF with a given educational level , he would specify this
requi rement. Polic y variables are then app lied to the force included in the selected
group.

In order to understand this capability, it is necessary to examine certain st ru e -
tur d properties of the model. CIM-E is mainl y a dynamic projection model that
ages a force anywhere  from one month to five years. It begin s w ith an extract from
the Enlisted Master File. This samp le provides the initial inventory and contains
s t at i c  and dynamic variables , The static variables are those that can be sorted to
give subgroups with specified characteristics (e.g., sex , race , CMF) . The dynamic
va riable ’s aggi-egate personnel and change over time; these include grade , time in
service . ti:’)e in grade , and time to expiration of time in service. In their’ role as
levL .ls of aggregation, these dynamic variab les are dimensions in the inventory
mat r ix. Each member of the force (or subset thereof ~ is indexed by these variables.
To account for’ differentiat ing between first-time personnel and r’eenlistees , the
ma t i i x  is divided into two sect i on s . Time units in the section for first-termers are
in mont hs. Units  for ’ i’eenlistee ’s are in years, All calculations involving reenlist-
ments , l osses, p rocurement , prc motion , or demotion are performed on this main
computational ari-av .

a supple m”r t  to the dynamic projection , th e comp lete model also projects
an objec tive or ideal force ’ . The init ial  distribution is given for each month by grade
and Jme in service , aH at t e mpts to incorporate future and current c o n s t r a i n t s  on
size and composition , beginning with the month ly authorization drawn from the
cent r a l  management file. I f  a suhgr ’ ..up option is employed in t he dynamic
pr’ojection , the ideal projection ’s pop ul:~t ion is scaled down by a percentage for each
sta tic variable. The planner specific ’s other values such as trainees , transients .
p a t i c n t s , prisoners , and students so the t~~al s t r e n g t h is comp lete. The analyst may
also supp ly additional constraints t a  total strength. The o b J e c t i v e  force information

used to de ’t c ’r ’m:ne shortages and procurements by cot i ipa r ’ison ~ ith the inventor -v
matr ix  at v~u’ious step~. in the dy namic  s imuk. t  ion process.

The simulation procedur e ’ ( ‘(insists of a set of steps in which numerical  values
fo r’ pers onnel are shifted mg the various dimensions of’ t he inventory m a t r i x
Reen l i s tn r e ’r r t s  ar e calculated by app ly ing rate ’s to eac h cc’ 1 of the ’ ,i r r -av , su mming.
and rrde l i r ’ g  th e ’ total to the i f l v ( ’ f l t  u ) r , l~Osse’s ar-e then computed and subtracted
f i’ u,m th~ inven toi ’~- , a nd procurements are computed by det e r -mining the dr fk ’r - e ’rre -e’
he’tween it ’ pi’o j e ’cte ’d obje ctive ’ force and the inven to ry  adjusted aft er losses , While
d€’riio ti ons ,i c’ornputed us ing  the  r a t e  file , promotions ar e ’  calculated by compar-
ing against tti e proje cted object ive ’  f’orce b~’ grades all e ’r demotions and losse’s have
been s t i h t  r :rc~ed (1-om the invent or ~ . Open cells ar e ’  filled by eligibles fr’oni the ’  next
Ii ‘~~~ ‘u ( a .tde. F ina l l y , t lie t i~r e,-e’ is aged one year by increm ent ing  all cell member ’s
by one. This total s imulat ion is for one month , so the proc edure ’ must  he r t e ’ r , e l e ’ d
i t s  m ii n~ t i n t ’S is nece ssary to fu l f i l l  t he  proj ecte ’d t ime period requirements .

r h .  i T t ’ s  ii ~e ’( l by ( I  \1 . E a i- c ’ creat e’d by ar a it her model developed h~ G
T~~~i ( ‘ I )  hr t h e ’  . \ rmv .  Bc’c..: t i s e ’  of i t s  r e l a t i o n s h i p to the Cl M -E and also because ’

- — i ’ ‘ . ‘~~t i r ~~ e ’xamp le of a st r ’ r c t l v  pr’edic ti v’ e mode l , a e l i s c i r ss i tc r i  ed i t  fo l l ows .
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AID-E : Automatic Interaction Detector—Enlisted

.\u t omatic  I nteraction Detector for the enlisted force AID-E ) was developed by
G E-TEMP o in 1973, It is part of a two-y ear  project that began in 1972 called the
A r m y  Manpower Prediction System (AMPS ) . The purpose of the study was to
develop “more usefu l and accurate projections of manpower strength and compost-
t i an ” ~37 , p. 11, It was found that the Army ’s modeling effort was varied and
decentra l ized.  In order to integr ate manpower p lanning, a model was needed tha t
wou ld produce a consistent and accurate prediction of loss rates in formats compati-
ble w i t h  all extant  operational models. AID-E was developed to meet that  need.

A ID-E is a strictl y predictive , s t a t i s t i ca l , enti ty model that uses emp irical data
consis t ing of extracts from the Enlisted Master File (EMF) records and an extract
from the Gain/Loss Transaction Files. These two sources are merged to form
in for ’mation needed to describe each enlisted man. The number of variables (43)
used by the model is limited only by the information found in the data file called
t il e ’ Enl is ted Historical File , By means of its statistical proc ed ure , the model se’lects
all predictive variables from the data file. While the variables usua ll y used are
d r a w n  from the EHF records , it is possible to add exogenous variables , if a change
in the state of the world should affect loss rates . For examp le , if the u n emp l oyment
rate in the civil ian sector’ should change or if war were declared , the model could
accommodate these changes as variables in its predictions.

The statistical procedure used is called the Automatic Interact ion Detector ,
which was developed by the Institute for’ Social Research at the I ’nivers r ty of
Mi chi gan [391. I t consi sts of iterat ions on a pr ocedure referr ed to as “b inary sp lits. ”
On the first iteration , t he population as a whole is considered. Pairwise sorts ar ’e
done on the variables to separate the population into two mutually exclusive sets.
Thereafter , the already formed subsets are in turn separated into subsets until  the
resulting subsets violate minimum values for variance and number within  a sub-
population. If the variance and population are too small for another subpopulation
to be formed , the whole procedure stops.

When population is sorted into two mutua l l y  exclusive sets , a sub popu lation
defined by this sort is a candidate for binary splitting if it has the larger of the two
populations ’ total sum of squares. This value , TSSk , is ex pr essed as

( N k
N ~~~ y . 1

TSS k 
~
:‘
~ ~

‘J 
— 

N k

where k is a suhpopulation , N , is the number’ of observations in the ’ suhpopu lat ion ,
and v , is the value of the loss rate for each observation in the subpopu lation.

In t e r m s  of the  varia ble ’~ emp loyed by the Army ’s AID- E . assume a split has
been made on ETS (the number of months before ’ term of se ’rv rc e ’ is comp lete ’el (  and
a n ot h er data ch aracte r ist i c, and the ETS subpo p u lat ion has the larger of the two
variances. At this  point the ETS suhpopu lation ma y  be split , on vet another ( ‘liar-
acte r ’i stic , number of months remaining.  For examp le , it may he found that  the
break m a x i m i z i n g  the sum of square ’s condit ion on the ETS group k is between 13

This ,ii’eelc ’ l is b~u~~’ t o’ ’ Iv on a loss pr oje- lion svst ”ni p,- ’v ious lv e h ’ v c ’ I o t ’ l  by thc ’  ,~ ir E’~, ,. 
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and 14 months. Accordingly, two new subpop u lations are formed’. N k ’  months re-
main in g ~ 13, and N k - ~, months remaining � 14. A subsequent i teration may
be on one of these newly formed subpopu lations where the split falls on different
va lues for grade. Of course , this procedure continues unti l  the min imum conditions
on varia nces an~ numbe rs of observations is violated.

As a result of this procedure , each person in the EHF falls into a unique
subpopulation and has a set of descri pto rs because the parti t ion consists of mutual-
ly exclusive sets. Every person , t h en , has a loss pro babi l ity assi gned to him.  For t h i s
reason , AID-E is an entity model.

It is clear , then , that unlike the CIM-E this model does not represent a theoreti-
ca l framework used to study the effects of policy changes, Instead , i t  is a predict ive
model used to give an accurate annual projection of loss rates. In te ’st runs , the
losses predicted by AID-E varied from actual FY 1973 losses by less than  1.5 percent
and from actual FY 1970 losses by less than 3.5 percent. Output from this  loss
projection model can be in an~’ format , so long as transformation from annual loss
rates to other time periods is accounted for. It was designed to be compatible w i t h
any other model used to study manpower po lic y .  The model also has anal ytica l
benefits , Because of the way AID-E groups personnel and because these subpopu la-
tions reflect changes in the composition and attributes of the force , it can locate
problem areas and pinpoint causes of losses. In fact, intermediat e output from the
model is a set of mu tu a ll y exc lusive descri ptors of individual  characteristics along
with probabilities of loss for each descriptor. With this information , t he ma n power
planner can more intelligentl y eva luate policy changes and place greater confld enc.-e’
in models which use the output to study the effects of’ po licy change.

One possible impediment to widespread application of the model is the comput-
er’ cost of exercising it for large data sets. A computer run for each loss category
requires knowledgeable personnel to assemble the data and 15 to 20 minutes of
(‘PU time ) IBM 360/50) for execution. The complete computer execution for all loss
categories and all Army models that are provided with loss rates requires 6 to 9
horn ’s of CPU time . The originators of the model argu e that such costs are feasible
wh en runs are infrequent (once or twice a year ) and when these costs are weighed
against benefits.

NAVY MO DELS

The Nav y has been a c t i v e  in personnel research and sy stematic p lanni ng for
a num ber of ye ’ars , Their most ambitious effort is the ADSTAP system , one of the
most important opt imizat ion  models undertaken by the services, This section aria-
l y ’i.es a compo nent of this system , FAST 15 1 ,  th e nonopti mization projection model
t hat  interface ’s with the curr e ’nt sy stem ’s procedures. EAST models the N a v y ’s
e ’n l i st e ’d force . , wh i l e  the second model surveyed , the CNA OPM 9~. or Officer
l’ r’oje’ction Model , is a repr esentative officer ’ str ucture ’ s imula t ion , deve loped b the
(‘ e’n icr’ for Naval  Ana ly ses .

FAST: Force Analysis Simulation Subsystem

1 ~nde ’r t l i e ’ cli rect ron of the (‘h id ’ of Nava l  Pe ’rsonne’l , t he’ \~t v’a l Pe ’i’s nin e l &
Train  i ri g R ’ s ’a rch (‘ente ’r I NVFR(’ was i n s t r u m e nt a l  in l ay i n g  t he  gre oin dwork e) f
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the ADSTAP System in 1971 [17 1- N~~~RC’s main client f’or this work was the Active
Enlisted Plans Branch (PER-A 12) of the Bureau of Naval  Personnel. This agency
has responsibility for’ managing policies related to recruit ing, training, promotion ,
l osses, ince nti ve syste ms, strength levels , and grade distribution of enlisted naval
personnel.

Like most personnel modeling discussed in this report , ADSTAP was initiated
to solve a specific problem and then led to the definition of other relevant research
areas. The orig inal problem was to optimize the ratios of various petty officers
between grades as well as ratios between petty officers and personnel within grades,
The study then grew to an analysis of the promotion system . and finall y resulted
in FAST, the more encompassing projection described in this section.

The management objective for FAST is “to initiate and control the flow of
personnel through the system to ensure sufficient personnel resources in the vari-
ous occupational specialties or ratings in each pa~ grade of these ratings and at
specific points in time” ( 39, p. 7]. FAST is fundamentall y a career field management
model that attempts to balance grade structure within an occupational area. Imp lic-
it in the desi gn and app lication of this model is the assumption that  requirements
and constrai n ts are im posed on p lanning and management decisionmaking from
higher - policymaking levels.

FAST is a dyna mic predictive model that simulate ’s gr’ade structure within
ratings or groups of occupational specialties in the U.S. Nav y .  Because it uses a
random number’ generator to distribute personnel over ye ’ars of service , it a lso has
stochastic features. Personnel are var’ iously aggr’egated by rating, grade, and
length of service at different stages in the simulation ,

The model simulates three procedur’es: losses , ga ins , an d advancements. Tire
rou ti ne pre d icts losses an d ga in s t ha t are app lied to the main  array or inventors ’
in the advancement r -outine , Interaction of’these variables with cells of the advance-
ment inventory constitutes the model’s law of motion.

FAST’s treatment of attr’i tion and accessions is detailed and specialized. Losses
are determined by empirically based rates , while gains can he derived from h istorr-
cal as well as analyst-supplied rates. Specific losses predicted are: ( I )  exp ira t ion  of
e’n l ist .merit ; ( 2) attrition ; (3) retirement ; ( 4 )  deser ’tron ; (5) USNR separatio n s~ (6)
demotions. Speci fic prior service gains predicted are: ) l ) c o n t r n u o u s  se ’ryrce re ’e ’n lr st -
ment (2 to 90 days) ; 12 ) broken service ’ reenlistment I-i 90 d~ty s l ;  ( 3) deserte r’s re-
turned; 1) USN R volunteer’s; (5) USN miscellaneous gains ; (6) U SNR miscellaneous
gains. Non-prior-service gains or recruits ar-c ’ dete ’rmined in the advancement mu-
tine ’  by subtracting the total net inventor’s ’ from end-year r equirements. Some of
t hese vacancies are filled by promotions , hut  those for the first year’ are acceSsions.
A ll  these kinds of ’ gains and losses are computed separa te l y fbi’ each cell in the
m a t r i x  with 7 pay grades and 31 s-ear’s of ’ service tha t  define ’ a ra t ing .

This se parat ion means that  each  k i nd  of gain or loss has a t r a n s i t i o n  m a t r i x
con t a in ing  appr ’opr’ iat e ’ rate ’s t h a t  are app l ied to tile ind iv idua l  grade ’ . ’ YOS for’ all
popu lations of ’th e given ratin g. These ’ h i sto r i ca l  rate ’s are der ived f’r’om the N a v y ’s
conr pr ’eli e ’ns i vt pers On nel fi le ,  which  d i r t  C’s hack t e n  ve~er’ s . To find the total N :iv’ v
ga ins and losses , the value ’s f t - nm (‘:1( 11 of ’ these r a t i n g  force subst r ’uctu r ’e s mu st he
sunrn ie ( l  - After’ losse s end gains are predicted , t h e y  are ’ app lied to the basic cci v ’ento-
rv’ to g e t  the n e t  populat io n ;  vacancies a r e .’ then the di ff ’et’ ence’ bet wee’n tii( ’ net
populat io n and t Ir e ’  de s i red  e n d  popula t io n  as given by t i r e ’  p lanner .  ,- \ d d r t  t on a l
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comp lexities in the promotion system iir ’e simulated by FAST. For instance , Nav y
pei-sonnel must pass exa mi nations to be el ig ib le f’or promotion wi th in  a rating. The
model predicts the number’ of peop le likel y to l) :lss these exams. In this was’ , both
candidates for’ promotion and vacanc ie s w i t h i n  a grade are accounted for. The
lesser of the two values is the number  promoted. The model also incorporates
career ladders by branching wi th in  rat ing groups. The number of promotions in
each pay grade are stochasticall y distributed over year’s of service w ithin a grade
to simulate the new distribution b~’ grade lengt h of service.

Output from this model is varied and gives the p lanner many options , inc l uding
item-by-item specification of 75 diut ’er’ent kinds of information necessary to evaluate
po licy alternatives. There is a var ’iety of output options in exercising the model .
Besides all the pi ~dic t ions from the att ri tion rout ine , t he model gives strengt h by
LOS, gra de and rating, an d the configuration of the force by rating and pay grade.
The p lanner’ can determine if requirements wet-c met by study ing a!l information
re lating to ratings. More important , the planner can study th e feasibilit y of ’ a lterr ra -
tiVe ’ policies affecting requirements , promotions , and retention. It is impor t an t  to
note tha t  FAST is part of’ the large MAD sy stem and is desi gned to inter t ~ice w i t h
.\DSTAP data bases as well as other ADSTAP modules.

OPM: The Officer Projection Model

Or ’igina ll y conceived its part  of the Ae’ce’ssion and Retention Ini t ia t ives St udy .
OP.\1, the Office:’ Projection Model in i t s  present form ( 197 fl , is a N a v y  Resource
Study  designe .’(i and developed by tire Inst i tute  of Nava l  Studie’s at the Cente r for ’
Nava l  Analy ses.

“The model provide ’s managem ent  w i t h  a tool for e ’v i i l ua t inga it .e r ’natr v e  promo-
tion policies and r’etirement proposals. and for’ s tudy ing the interact ions of ’ oflice ’r ’s
end-strengt h , promotions , and accessions , and the cost of ’ changes in l o n g e v i t y  and
grade ~tr ’uctur’ e ” (9 , p . i~. Special emphasis is given to mode ling the c o m p l e x i t i e s
of ’ t h e ’  N a v y  officer promotion sy stem. in our terms , OPM is a gr ade manage ’nle ’tit
model operating w i t h i n  budgetary constraints and the legal framework fo r ’ ~~~~
tion specifically outl ined in Title 10 of the U.S. Code.

Theoreticall y , OPM can project the officer’ force for an extended t ime period , but
it  is best app lied ov’e’r 3-to-5-year planning periods , because dur ing  this  t r i c e’  f ’r’ame ’
the  hud ge ’tar ’v p lann ing  ne’eds at-c best met.

Ol’M is a d e t e r m i n i s t i c ’  dynamic model that  aggregate ’s tire officer force. \ V i t h i
the e xcept ion of’ i t s  t rea tment  of pr ’omotion . the  aging p i’oce ’eltrre ’ is s t r a i g h t f o r w a r d
and simp le’. Two k inds  of ’ data a r c  ne’ce.’ssar ’v to oper-ate the m ode l .  Requrr ’ed data
consist of the i n i t i a l  i n v e n t o r y , cont inuat ion rates , and pay da ta .  Polic y v’ar ’iabk ’s
consist of accessions , end stre’n gt h . and promotion- r ela ted pan ’anieter s

.-\ r e s i d u a l  i n v e n t  ~er ’ v is gen e ’r’~nt e ’ ( l  by app ly ing  cont inua t ion  r a te ’ s  to the  m i t  ni l
in ve ’rc to r’ v .  The i n v e n t o r - v  a g g r e g a t e ’ s  t~ ’i’seen r re ’ l  b value ’s alo n g t h r e e ’  d imensions ;
I I I  r ank (en sign to capta in ) ;  ( 2 1 length c~f se rv i ce  e r r’  year gi’ou ~ 11 t o 30 or colic ’ i t
\ e ’ar ) : and ( 3 )  p r o m o t i o n  s t a t u s  ( e a r l y , no rmal , fo iled ) ,  (‘o n r t i n u a t i o n  i- ate ’s i r e ’  I C ’

qu i r ’ e ’ cl data tha t  are u s u a l l y  set ;r u t o m a t i c a l l v .  h r  t I re ’  m u t o n u i r t i c  c isc’ . i n i t i a l  cci i i
t i n u r m t i o n  r’ate ’s 1111. 1st be supplied for norma l , foil-select . and force—out i i ( r h i ( ’ i e ’ s . h u t
cc iv  f’un’ t h ’r ’ ne ce ’ss inr’ v a d j u s t r i r e n t s  to  account for’ changes it t  pr’o motto n thte w
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points 7 and fail-select force-out points are done automatically. Additionall y , any or
all parameter values can be changed by supplying other data manually or by
changing values through the interactive systems available.

An intermediate inventory results from app lying continuation rates to the
initial inventory. At this stage, accessions are determined by comparing the cells
in the intermediate inventory (by grades) with year-end strength requirements.
Accessions to the force are either the difference between the intermediate and end
strength values or some minimum accession set by policy, whichever is larger.

Along with minimum accessions and end strength requirements , pro motion
parameters are part of the policy variable set, Policy analysis in promotion is
carried out for normal , early, and late promotions. For normal promotions , the
planner sets values for ( 1)  the promotion rate (ratio of number promoted to number
in the zone); (2) percent of’end strengt h in each rank; (3) number in each promotion
zone; 4) minimum promotions to each rank. If the planner overconstrains the
system in establishing these values, a set of built-in priorities takes over to preclude
infeasibih ities. Earl y (late ) promotion , “below (above) the zone ,” is determined by
assi gn ing ( 1) e a r l y  ( la te  se’le ’ction rate (the ratio of the number promoted below
(above) the ’ zone to total .~um ber promoted ), and (2) year groups in which early
I lat e ’ selective ’s are to he made ,

The final invent ors ’ is costed using inp ut data on base pay and compensation.
The model can produce estimated costs of active duty, seve rance , an d retirement
pay. The output consists of ( 1)  final inventory disp layed by grades, LOS, an d promo-
t ion status . 2) survival  rates , (3) average basic pay, (4) retirees and separatee’s . and
(5) costs incur’red by retirees and separatees.

OPM ’s outstanding feature is its user orientation , as is evidenced in the auto-
matic se’tting of continuation rates and in the procedure for overriding in feasible
const rai nts on promotion policy variables , M a n y  of the subroutines are interactiv - e’
and conversational , allowing the p l an ner many opt ions in app lication and modifica-
tion.

In many way s ,  the OPM is comparable to the  OFPM developed for the Air
Force, Both study officer promotion policy , wit h emp h asi s on sett i ng pro motio n
zone’s, flow points . etc., but their treatment is different , The OPM’s treatment of
in f e ’crs i l ) i l i t  is to pr-event it . while the OFPM gives detailed output so infe a s ib i l i t r es
can he located within the system where they occur ’ . Although both are grade
management models , the OPM is dynamic , desi gned for’ short-term planning  w i t h
b u d g e t a r y  in formation output. The OFPM is a long-ter’m steady-state model yield-
ing hypothetical results without  any cost-estimating options. Both , however - , put
specia l emp hasis on promotion decision var iables  and attempt to wor’k wi th in
con s t r a i n t s  imposed l)y a given promotion sy stem ,

‘l ’t ie I c i s t  t i  )i’ (‘or ’ nm -mee t ott ic er s in I 1ev r ank .
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Appendix A

A REVIEW OF TECHNICAL ASPECTS OF DOD
OPTIMIZATION MODELS

This appendix provides a brief technical descri ption of tire six optimization
mode ls discussed earlier. The notation their  authors used for each of these models
is simplified here to arrive at a common notation , Doing so unavoidabl y loses some
of the refinements that the individual  models have incorporated , but wil l  not affect
t he descri pt ion of the basic structure and optimization techni ques.

THE COMMON NOTATION

Let vector variable x describe the state space , the number of men in eac h
category (whether or not it be broken down as far as MOS , grade , skill , LOS. e tc .) ,
This variable may be a function of time t , so in dynamic models this would be
expresse d as x ( t ) .

Let A be a transition matrix indicating the fraction of men in any cell mov ing
to each other cell. The ith row containing the jth element , a/3 , would be the propor-
tion of men in cell i moving to cell j in the next period. M a t r i x  A may be a function
of time and a function of decisions made that affect retention and the like.  in
genera l , th e law of motion is specified by

x (t ) = A(t ) “~ x(t — 1)

w here ini t ia l  conditions prespecify x(0) . Accessi ons. x ) t . must also be specified.
This is known as a Markov model.

(‘o n s t r a in t s  on the number of men with certain characterist ics—called requ ire-
ment constra ints— take the form of C . x ? R . w here R is a vector of requireme n t:;
and each row of C specifies with zeros and ones how the requirement is fulfi l led.
Similar  constn’aints may be defined as equa l . others as less-than-or-e qual-to. A bud-
get co nstraint  is such an examp le.

Productivit y is measured by a function S of x. 11’ the model uses a l inear
production (‘unct i on , S(x) = s x x = ~.s. x , where s is a vector of product ivi ty
weig hts,

THE RAND MOD E L

The s ta te  space descri ptor vector x is defined to be the ’ ~nm ber of men in eacir
of f ive ’  d ifferent  te ’r r i r s -o t ’-se ’ rv i ce ’  c-lasses , each being four veal ’s long. The time ’
v- t r i a b l e  t is r e m o v e d  from the notation s in e - c ’  t h e mode l assume ’s a s t e a d y  st i l e ’ .

Aggregation was done for simp lif icat ion and for deve ’lop in g the mode ’l for r l lus t  ra~
y e ’ purposes Ac ce ssions are a functio n of perceived pay as specified by a non l inea r

supp ly re ’ l ; it  ionsh i p. Similar  relat ionshi ps e ’ xi st  to me’asure r e t e ’nt m on behav ior at
‘acir r e ’ e r i l i s t n u e ’n t  point. I ’i ’r ce ’ ve il a n n u a l  pa is it comp osi t e ’  c l i  In ’  fu tu n’ e ’ expected
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wages and retirement properly discounted; it is used as the basic ’ detern r i nant  of
accession and retention in develop ing x 0 and the state transfer’ matr ix A. This s e t

of pay variables constitutes the basic decision variables of tire model and is cal le d
the policy ,

The limited size of the state space and the simp le flow among state’s nuak e it
possible to solve for the limiti n g states resulting from a ny  policy:

x0 = x 1dp 0) , and x , — r I p . )  . x.m 0

where r , is the r ’etention fraction determined by the perceived pay p for term i .
Productivity is measured using either a Cobb-Doug las or a linear p r oduction

function , S(x) . The total annual sum of wage’s and retirement is subject to a corr-
straint of the form w .. x ~ B, called a budget constraint , Wage’s and re t i r ement
pays are included in w , w hich is functionall related to perceived pay.

Th e objectiv e is to choose a po l icy for perceived pay that  wil l  elicit  accession
and retention be iuavior as specified by the nonl inear  suppl y relationshi ps , so cs to
ma ximize the pr ’oduct iv ity rate S(x) subject to a - 

~rg le ’ budget constraint wx < B.
A nonlinear optimization problem results that is solved nunrer ica l l y by a sear ’ch
techni que called gr adient search , which moves up along the maximum slope fi’onr
any good starting point. The optimization calculations are pr ’ogrammed in Fortran
and several sets of input data and parameters are tested and reported. Tire al-
gorithm converges quickly with the five decision variables currently use ’d . and
expansion of the approach to larger manpower syste ’ms is conjectured to i)e
straightforward.

The average annual produc tivity rate chosen as the objective is sirown to be a
good approx imation for the correct objective , w h ic h consi ders t h e tota l pr ’esent
value  of the system. The model is p laced in its decision theory context and shown
to sat is f ’v conditions that  make the average product ivi t y  and cost r ite’s relevant
object ives,

THE ADSTAP SYSTEM

The state descri ption vector in ASTATIC denotes men by LOS and pay grade
in t i r e ’  s teady -s ta te  environment. Historical statistics on loss behavior , a t t r i t ion .
etc.. for each LOS-pay-grade cell ar’e known and available as input in terms of a
tn-ans fen’ matr ’ix A. Movement fr’om each cell is out of the N a v y , to nex t- Iri gh er LOS
at same pay grade, on’ to next-hi gher LOS and higher  pay gr’ade, Input  or acce ssions
in the fir -s t  LOS cell require special consider ’at ions, Decisions made affect continua-
t ion lutes  m d  pr ’omot ion rates dim ’ect lv in modif y ing tire transfer’ matr ’ix A. Tirese
polic y decisions a re  coupled wi ;  hr a VRB or separat ion pay w h i e’n  I liese ’ c ’ont inuance
r i t e s  ire ’ r aised or’ dropped fronr t h ose’ norn ’r a l l v  e’xp ecte ’d histon ’ica lly. This cost is
noted and added in to  a total cost dete ,-n iina tion model.

l”nr cmi v g i v e n  set of ’ decisions , t i re .’ solut ion to x = Ax . tIre ’ stead st i l e , can ire ’
found recum ’sivelv . ,- \ d i u r u c t  cost ing nrode ls calculate tire ’ base ’ case costs . a nd tire ’ cost
of ( lev ’i c t r ng  fr on fl base ’ case ’ e d i t  i r i i : ; c i r c e ’  i ’ t t e s  is calculated.  TIre Pen’ Capi ta  Cost
“.11 s I c ‘I develops the u n i t  cost e ct pe ’r’s ein nie’I m n c lud in g  n’etr rern c ’nt by pay grade’ ar id
IA )S. Tire ’ El , is t  c i t y  Dep enr dencv \l c u e  ‘ I c ;i cci l i t  c’s tire ’ pen a lty  pr ’e ’nl r mu m paid for
ch a n g i n g  cont inuance r e t  c ’s e ’ r t  ii ‘r upward  or downward.  -\ of i l i t ~ mode’l r e p r e s e n t s

_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  ~~~~~~~~~~~~~~~~
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a linear production function which simp ly sums the utility of each man as deter-
mined f’r’om the Delphi questionnaire. Utility S(x) = S x x. Various constraints of
the requirements type are included.

The objective of cost/ produ ctivity in units of dollar per utile is calculated for
the current force in steady state. A nonlinear gradient search techni que is used
emp loying numerically calculated derivatives , Currently, during the test runs be-
ing made , the decision variables are limited to six continuance rates plus six pay
grade pn ’omotion rates .  Development of the model based on these test runs has not
been comp leted and the model descri pt ion is not yet available as a written publica-
t ion.

GOAL PROGRAMMING IN THE NAVY’S OFF i -..E OF
CIVILIAN MANPOWER MANAGEMENT

Requirements fixing the maximum and mini m um number of men are specified
oven’ a planning horizon of around five years , taking the for-ni of specifications on
necessar y manpower in each cell in each ~‘ear distinguished by GS number’ and skill
spec ialty ar’ea. N a t u r a l  movement of population among cells is estimated and char-
acter i zed by a transfer matrix A. Promotion rates and quotas also affect the tr cns-
tion matrix A. The motion is modeled as

x ( t  + 1) = A - . x ( t )  + LIt )

w here L t  represents the decisions to hire (recruitment ) or f i re  (RIF ) men in each
cell at the end of year’ t ,

Special staffing constraints (t raining l imitatio ns, etc. ) on the system also app ly .
These originate from Congress or Nav y  Regulations. Budgetary and total-numben ’-
on-board constraints may  also be app lied. These may take the form of a constraint
for each year.

Once ini t ia l  conditions , x(0), are specified it becomes apparent immediately that
no feasible solution exists to this set of linear equalities and ine.,iualities , At th i s
point no set of hiring or’ firing decisions can be found to satisfy the constraints
starting from x(0) . Penalt y weights are then given for any absolute deviation fi-orn
goals and operational constraints. Hir ing and firing costs are estimated as well , and
when combined .vr t h  absolute deviations on user and insti tutional manpower’ ne ’ -
qu irem€ ,ts . make up a total linear’ objective function. This objective is nr in irnized
subject to the e n t i r e ’  set of original constraints and law of’ motion. Tire decision
variable is tire hir ing and firing variable L I t )  for c ’ i ch i  cell i and t ime t.

By ignoring the integer ’ requi rement on manpower , con vent ional  l irrean ’ pro-
gn ’anrn r ing codes can be used to solve for- tire t ime-depender ,t decisions on staff ing
le ’v e ’ls to he’ m ade ove’ r the planning h or i zon.

INFINITE PRO GRAMMIN G WITH APP UCAT 1ON TO NAVY
ENLISTED FORCE MANA G EMENT

,‘\cce ’ssuins in y e a r  t i r e ’  to he ’ determined so as to mininr ize ’  t h e e ’  pr ’c’sc’nt won’t ii
of fut un-c ’ :rcce ’ssr or i c osts . Because only one sk i l l  (‘ c t e’gon ’v is e’onside’n’ed at a ( inn ’ ,

L _ _ _ _ _  ~~.
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stat e ’  descriptor variable x (t ) is univariate and is the number of level men at year

t ’ Requirements  for each year are speci fied , w hich must be met or exceeded. This
takes the form of x ( t )  ? R ( t )  for all t. Accessions in year t can be indicated by x 0( t ) ,
Assuming tha t  the surviving f’raction of men from year to year  is t ime-st ationary
dur ing  the whole p lanning horizon , we ca n w r ite

x(t)  = 

j=O 
a1 j x( l) +

where a .rn is the fraction of men entering in y e a r  j that  survive to y ear  t .
When costs are c to hire an individual  in any ye’ar. and the discount factor is

~ (~ 
-

~ 1/1 + i) . the objective is

~ x~~( t )  ~~~~

t=o

All constraints and the objective function are linear in the decision variables and
are coup led with the infinite planning horizon ; tin s pn ’oblem is callc ’d an inf in i te
linear program. In certain cases where stationary long-run requirements app ly,
conventional l inear progm’amming can be used to find the opt imal accessions pat-
tern, The authors work throug h several examples.

THE ENLISTED PERSONNEL PROJEC TION AND
SIMULATIO N MODEL

State description vector x(t ) breaks the force down only by lengt h of service ’ .

Deterministic movement among these cells is characterized by the Marko v transi-
tion matr ’ix A , which contains reenl istment or continuance fr’actions. These linear’
equations are recursive and can be solved easil y - The primar ’y decision variable is
cohon ’t size , that is, the accession rate , x 0(t) , th e entering cl ass for eac h time t .

Again , x(t -
~~

- 1) = Ax (t ) with manpower’ decisions specify in g accessions x 1~)t ) to
he made.

Transition fractions within the A matrix are known to be functions of pay; for
model simplicity , they are made functions of cohort size. Tire larger the size , the
lower the retention rate. For example ,

a 1 o K + ( 1  — X ) x * ~! x 0 ( t )

w here x~0 is the natural number of accessions , and K is a c o n s t a n t  - In this w a y

reen listment beha vior is made a function of a system decision variable . co irort size.
Although mil i tar y  wage , c ivi l ian  unemplo yment , and e ’an ’nrng s nrr : i v  also he deemed
useful for incorporat ion into the n ’een l istm e ’nt rate , this p laces too l:ccg c ’ a demand

en computer time . and furthermore ’, the paran i( ’te ’r s of such a model cannot be
accurately estimated because of lack of data. This attempt here’ doe’s incorporate
reen lis tment  behavior matr ix A as a (‘unction of’ coh on’t siz e ’ . and t bus s t i l l  mnr ~ci n i t  a i r is
t he l inear i t y  nece’ssar-s- in models to solve for’ I b i t ’ op t ima l  a cc c ’s s inns using lmn ea n’

~)rogn ’~t r n m i ng. 
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Productivit y , SIx) , is measured by a total effective ’nr e ’ss funct ion t irat  is l inear;
it is found by weighting men of different LOS categories and adding. One examp le
is to give a weight of zero to noneffect mves (students , pri soners , p at ients , t hose on
vacation ) and a weight of one to effectives.

Costs are similar l y a l inear function of the s tate  descri pt ion x. Retirement is
included in cur ’rent costs by proportioning this pay over tire earlier ye ’ars .

The EPPSM can be used in a simulation mode , projecting the force age struc-
ture , productivi ty,  and cost over time. In its optimization mode , not set implement-
ed , the accession pattern can be (bond to maximize effectiveness subject to a cost
constraint .  Current l y, the constraints on the system are in vector f’orm ,

C x x (t ) = R ,,

represent ing  y ear l y  budget both during transient and steady-state ~‘ears and other’
side conditions. They dominate the solution. It would be only accidental if C, = R
had a se’t of accessions satisfy ing the constraints of the sy s tem.  A weighted sum of
squared devra t ions  from these equalities is used as a penalty fonction and can be
solved din ’ect lv using matrix theory and weighted least squares.

SELECTIVE REENLISTMENT BONUS

The Objective Force Model is a mathematical procedure for determining the
optimal size and composition of the force. The model distingu ishes the state of’ the
sy st€ ’nr by a vector x(t ) with military occupational specialty , grade , and lengt h of
servic e char’acteristics. Entire groups of specialties , ca ll ed career management
fields , are handled collectively since a certain amount of cross-movement exists
with these fields. Promotion , staffing, and grade limitation requirements are spe-
cified and linear programming is used to minimize the deviation of the modeled
from the objective force. No detailed mathematics of the model were available in
time to be reviewed in any detail here. 

. - .-- ~~~~~~ ~~~~~ .



- .- . --~~~~~~~~~ -- - . . ,——-- ~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Appendix B

DISCOUNTING IN MANPOWER PLANNING

The calculation of total present worth (P.W. ) has long been held to be the correct
vvay to anal yze a time sequence of paymen ts. This criterion is actuall y a funct ion
that collapses the multidimensional revenue and cost vector into a sing le variate
so that decisions can be based on its magnitude , Ranking projects or alternative
policies without  the P .W. criterion is the same as the classical problem of choosing
the best basket of mixed fruit.

When the payments in a time stream are all prec isel y equal i,wh ic h common ly
occurs in certain deterministic steady-state situations), the average cost (or reve-
nue) criterion can be used to order alternatives. To demonstrate that fact , let A 1 be
the payment in the t~ year of project A. Then

P. W. A = ~ i~~~i 
) A~

Now when A , = A ,

P. W. A = A [ 1 + ~~- )

Thus under - constant series of payments, any ordering of projec ts based on present
worth will be the same as ordering based on annual cost A , independent of the
inter-est rate. Under these conditions the average rate , sometimes called the aver-
age ann ua l cost crit er ion , becomes a valid sur’rogate criterion for judging alterna-
tives.

Any measure of performance to be used as a sum’rogate for’ the total present
wort h criterion must rank policy alternatives in the proper order- to be judged val id .
Thi s a l te rn a ti ve measu re of per formance may be easier to ca l cul ate or may be more
fbm i l ia r  in the environment of the decisionmakers.

A measure symbolized by G and named , for want o f a n v t l n i n g  betten’ , tire “total
expected pm’esent worth of all future mi l i tan ’y pay, ” has been used in decisionniaking
by manpower planners. It is used as a measure of per’formance for -judging gover’n-
mental  manpower’ decision alten ’natives with regan’d to retirement . pay . conti nr u-
ance an d reenlistment rate ’s , etc. If p is pay an enlisted man r ’eceive ’s in y ea m t , i’

is con tin u a n ce rate from year 0 to t , and X~ is the number of annual  n ’ecruits . t h en

t

G X
0 

‘ 

~ 
r
~ ~~~~~

G is t h erefore  an appr oxin na t .ion o f t  lie ’ expected p r e s e nt w o r t h  of the total of the
in d iv idua l ’s n - e ’venue from the mi l i tan ’v .

To he a va l id  pen’forrnance measure for governmenta l  ele ’c ’is ionm aking, G must
oni rnic t ire ’ r anking of a l te ’n ’nat i v - e s nnic dc ’ by the ’ prc ’senrt worth cn’it en ’ion. Conside’r
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two manpower ’ plans , A and B. Plan A attracts 100 recruits per year at $1,000 per
year. At the end of four years , plan A proceeds to reenlist 50 per year in the career
force at a salary of $2,000 per year. The career force retires at 20 years, each ret i ree
receiving annual retirement pay of $1000 per year for 25 years. Plan B ma in tains
the same total number t f  men on the force (1200) by recruiting 150 per year and
retaining 25 percent , or 37.5 men per year , in the career force under the same pay
schedule. The resulting figures for cost and present worth are therefore as follows:

A B

Average Annual Cost 3 , 250 ,000 2 , 740 ,000
Total P. W . @ 10% 32 ,500 ,000 27 ,400 ,000

G 919 ,000 927 ,000

Criterion G incorrectly prefers A over B. The conclusion is that G is not a valid
measure of performance.

Another criter ’ion , H , termed the individual ’s expected total present worth
equal to G divided by X ,, would properl y rank plans A and B. Under A , H is $9190
and under B, $6180. However , this is not a valid measure either , as ca n be seen by
using the following plan C, which reduces accession requirements and achieves 100
percent continuance rates by increasing expected total present pa~’, H , to $13, 170.
First-term pay is increased to $1200 and second-term pay decreased to $1500. Total
manpower’ is maintained at 1200 men or 60 in each year of service. Under H ,
ma npower planners would choose A, while under the valid total present worth , p lan
C is preferred.

A C

Average Annual Cost 3 ,250 ,000 3 , 230 ,000
Total P . W , @ 10% 32 ,500 ,000 32 ,300 ,000

H 9 , 190 13 ,170

Under  transient conditions and under natural randomness , a sy stenr ’s costs
vary ye’ar by year. In this case the total expected present wor ’th of mi lr tar - y man-
power costs must be used to jud ge or compan ’e alternatives rather than average
annual  costs.

Another area ofdebate when using discounting lies in calculation of the pr’oper ’
inte ’r ’est ra te to be used. It is well known that this is a critical determinant of opt inral
policy when ve’~c r l y  costs are changing. If costs are rising at 4 percent a yea r beca use
of inflation , and the true interest rate is 6 perce nt a y ear . the total present won-t in
is calculated using 10 percent interest. In constant dollan’s , however - . only 6 pen ’cent
should be used, Since retirement and care ’e’r pay are rising w i t h  inflat ion , t hy
magnitude when actually received will be hi gh er be’c~ctr se ’ of inflat ion.  The proper’
i nterest rate for compan’ ing alternative plans in terms of 1974 constant dollars is
onl y 6 pen -cent based on today ’s pay schedules. An altern -r ative would be to use’ 10
percent per year based on extrapolated inflated p a y s  re ceived in subsequent vt ’ars
from now. Substantial literature exists in the field of economics on thi s  top ic.

Ifa constant string of payments—say. a bridge toll of$ 1.00—is to he ’ made ove ’r
smir e ’ l i f e  of a bridge , then discounting to present worth in con s tan t  dollars should
include  inf la t ion p lus true i n t e r e st - This would be about 10 pe ’n’c ’ent. Executive 
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Order .-\ -94 , March 1972 , from 0MB directs the use of a 10 percent interest rate for
c ost anal y s is  of this type. However , if that toll were somehow rising wit h the
consume r pri ce in dex , then the proper discount would be at a six percent rate. This
lat ter  is the case wi th  mili tary pay and retirement , w hich rises by law.

Criterion H , the individual’ s expected discou nted presen t wort h of futu re pay
or the individual’ s maximum present worth (assuming 100 percent continuance
rates) from the mil i tary,  might be relevant to individual decisionmaking . In elect-
ing to enlist , a nd at each reenlistment point , t his present worth is considered. In
a simplistic model , th e in d ivi dua l we i ghs the discounted return in mil i tary versus
c iv i l i an  service and chooses the greater. Manpower policy p lanners need to esti-
mate functional relationships between some form of pay such as this and reenlist-
ment  behavior. This is the so-called manpower supp ly function. The individual ’ s
present worth of military pay should be found for every alternative personnel p lan
in orde r to verify that accessions and reen listments can be maintained at desired
levels , given the perceptions of pay under each alternative.

Unfortunately,  studies have determined that even economics professors at the
A i r  Force Academy do not have a correct estimate of the value of their military
pas’ pac kage. Manpower modelers , in assuming that the ordinary ind ividua l uses
some way  of discounting the future approximated by the calculus of discounting,
are not accurately modeling the economic behavior of individuals .  On the average ,
per haps the use of d iscounti n g is more valid. Another well-known factor in econom-
ic behavior is the fact that most individuals are averse to risk. Here , risk is variabil-
i ty  i n pay. For example , while the expected present value of retirement from the
organization ’s point of view may be $5000. it never proves to be exactly $5000. It
may be, say, either $10,000 or zero because fifty percent make it through to retire-
ment and the other fifty percent receive nothing. Large corporations and the U.S.
Government should be and are nearly risk-neutral . Some corporations are risk-
preferring. And the individual who gambles at Las Vegas is demonstrating risk
preference, but he enjoys the game and pays for his pleasure.

To achieve the same utility of a series of payments to an individual , a higher
mean is required if the variance of that return is higher. In most manpower models
to date , expectation of pay has been used in functional relationships with retention.
Criterion H or its equivalent can be used as the expected pay in this regard but
eventua ll y should be supp lemented by a utility measure including the variance of
mili tary pay as well. It is thought that individuals  with low-risk preferences prefe r
mili tary service as opposed to civ i l ian life even though they forgo some expectation
of earnings. Thus the 1.’ .~~~ Government , by providing a more cer ’tain won ’king
environment , can reap the benefits I paying lower salaries.

In the area of ’ ret t - e ’n i ~ r i~ pay , howe ver , effectively the opposite is true. Because
of the lack of vesting , t r rd  u n c - e - t ’ t a i n r t v  throug hout the career until the last day of
the twentieth year , the individual ’ s risk-aversion depreciates the expected value of
retirement. The U.S . G overnment  nrus t . pay a higher average annual retirement
bill to retired mi l i t a ry  people as a result of the variance of r’et irement p aYn r e ’nt s .

These individual  present-value calculations can at 1)est be used properly on ly
to predict individual en l istnrent  and reenlistment behavior. Using tirc ’nr for govern.
ment p lanning, as we have shown , can cause more ex p e ’n n siv c ’  manpower plans t e e
be adopted.

_ _ _ _ _ _ _  - --- -- - ~~~~~~~~~~~-- ---
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Appendix C

QUESTIONS FROM THE ~‘MODEL EVALUATION
WORKSHE E1~,” BY NAVAL PERSONNEL

RES EARCH DEVELOPMENT LABORA TORY ,
APRIL 19731

INPUT TO MODEL

1. Is the input required so voluminous and/or difficult to obtain as to pose a
major factor to consider before using the model? If yes, consider the feasibility of
running the model with incomplete input data and , if feasible, the effect on the
model’s validity and output . Also discuss the feasibility of modifying the model so
as to require less data .

2. Is an adequate source of appropriate input data known to be available for
which the accuracy, consistency, and timeliness have been well established?

3. Does the model presently receive data from other computer models? If yes,
give an indication of the nature and physical form of the data and supply sufficient
information on these models as to permit their location for possible evaluation.

PROCESSING BY THE MOD EL

4. Has a sound basis been laid by the model builders for any nonstandard
modeling techniques used or any innovative application of standard ones (e.g., if
a model uses an iterative computational technique, have the necessary and suffi-
cient conditions for convergence been established)?

5. Is the level of sophistication of the technique unnecessarily high or too low
for the needs of the application area?

6. Is the modeling technique appropriate to the application area (e.g., if linear
programming is used do the elements being modeled really behave sufficiently
linearly)?

7. Is the model known to be deterministic or, if it is stochastic, is it known to
be reliable?

8. Do the modeled system elements (e.g., blocks in the flow diagram) accurate-
ly reflect what actually exists in the application area?

9. Do the modeled system processes (e.g., connecting lines between blocks in
the flow diagram) accurately reflect what actually happens in the application area?

10. Is the level of detail appropriate for the app lication?
11. Are all the values assigned to parameters such as work rates, fatigue

factors, storage capacities, etc., correct?
12. If certain parameters are approximated , has an error analysis ever been

performed to determine the cumulative error throughout the model caused by
these approximations?

13. Is it known for what parameter and input values the model is valid and
for which values (possibly extreme) it is not?

Source: Refs. I and 2.
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OUTPUT OF THE MODEL

14. Does the model presently feed data to other computer models? If yes, give
an indication of the nature and physical form of the data and supply sufficient
information on these models so as to permit their location for possible evaluation.

15. Is the output presented in such a way that a noncomputer oriented
manager can with little or no training use it?

GENERAL

16. Are there readily available results from sensitivity studies showing the
reaction of the model’s major outputs to changes in at least the major parameters
wihin the reasonable ranges of values for these parameters?

17. Has the model been adequately validated by a comparison of is results
with events in the actual situation it attempts to model?

18. Has the model ever been subjected to rigorous tests or analyses such as
might be performed by a technical person uncertain about or even opposed to the
model?

19. Were the objections or questions raised resolved in such a way as to give
credibility to the model?

20. Is the model capable of and worth being expanded or otherwise improved
so as to be of greater benefit?

21. In view of the time, effort , and money expended in the use of the mode]
and the benefits actually derived in the application area , is the continued use of the
model warranted?

L 
_________  

____________  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _L -- —

~~~~ 
-
~~~~~~~



REFERENCES

1. Hutchins, E. S., Jr., et al., Computer Models for Manpower and Personnel
Management: State of Current Technology, WTR 73-25, Naval Personnel
Research and Development Laboratory , Washington , D.C., April 1973.

2. , Computer Models for  Ma npower and Personnel Management: State
of Current Technology, Appendix A—Compendium of Models and Related
Ma npower/Personnel Programs and Studies, WTR 73-25A, Naval Person-
nel Research and Development Laboratory , Washington, D.C., April 1973.

3. Powell , Ken R., and Terry L. Schilling, Central Integrating Model—Offic-
ers , Vol. I , Executive Summary, Report 73-2-A, General Electric TEMPO,
October 1974.

4. Cragin , Colonel John R., et al., Officer Structure Simulation Model: A
Design Report , AMPC, Randolph Air Force Base, San Antonio, Texas,
November 1972.

5. Boller , Robert L., Desig n of a Force Structure Model for  the Simulation
of Personnel Po lrcy, Manpower Systems Directorate , Navy Personnel Re-
search and Development Center, San Diego, Calif., June 1974.

6. Mimeographed material from Retirement Studies, C ~RA), re-
ceived in informal communications with Major Jacob , Washing-
ton , D.C., March 1974.

7. Personal communication with Sidney H. Miller and Herbert J. Shukiar of
The Rand Corporation , and Major Jackie Wilkins , Analysis Branch , Direc-
torate of Personnel Plans, Headquarters, U.S. Air Force, June 1975.

8. Schilling, Terry L., Central Integrating Model-Enlisted (CIM-E), Vol. I ,
Executive Summay, General Electric TEMPO, Washington, D.C., Jan-
uary 1974.

9. Stephan , Robert S., Commander, USN, Lt. Commander Albert A. Arcuni ,
and Richard A. Kusmack, The CNA Office r Projection Model , Vol. 1, Guide
for  Users, Center for Naval Analyses, Research Contribution 249, Institute
of Naval Studies, University of Rochester, New York , February 1974.

10. Mimeographed material from Enlisted Management Systems, OSD
(M&RA) , received in informal communication with Vincent A. DiCarlo ,
Washington , D.C., March and May 1974.

11. Hq USAF, The USA F Personnel Plan , Vol. 3, Airmen Structure (TOP-
CAP) , Washington , D.C., September 1973.

12. Personal communication with Lt Col Richard W. Elder and Major Larry
Rice, Analysis Branch , Directorate of Personnel Plans, Hq USAF, May
1975.

89

-

~

----

~

—-

~ 

-.--~~~~~~~~~~~~~~~~~~~~~ -- -~~~~~~~~ . ~~~~ -~~~~~~~~~~~~~~~~~ - - -~ ~~~~~~--~~~~~~-



90

13. Sammis , L. C., S. H. Miller , and H. J. Shukiar , The Officer Grade Limita-
t ions Model: A Steady-State Mathematical Model of the U.S. Air Force
Officer Structure, The Rand Corporation , R-1632-PR , July 1975.

14. Miller , S. H., L. C. Sammis , and H. J. Shukiar , The Officer Force Progres-
s ion Model: A Stead y-State Mathematica l Model of the U.S. Air Force
Off is er Structure , The Rand Corporation, R-1602-PR , November 1974.

15. Shukiar , H. J., S. H. Miller , and L. C. Sammis, The Constrained Offi cer
Force Projection Model: A Steady-State Mathematica l Model of the U.S.
Air Force Office r Structure , The Rand Corporation , R-1982-PR , September
1976.

16. Mimeographed material from the Officer Management Systems, OSD
(M &RA), received in informal communication with Colonel Richard W.
Hagauer , Washington , D.C., February 1974.

17. Lehto , Robert , et al., The U.S. Na vy Enlisted Fo rce Ma nagement System:
The ADSTAP Master System (Second Interim Report), Bureau of Naval
Personnel , Washington , D.C., June 1973.

18. A. Charnes, W. W. Cooper , and R. J. Niehaus , Studies in Manpower Plan .
ning, U.S. Navy Office of Civilian Manpower Management , Washington ,
D.C., 1972; idem , “Multi-Level Models for Career Management and Re-
source Planning, ” in D. J. Clough , C. C. Lewis, and A. L. Oliver (eds.),
Manpower Planning Models , English Universities Press, London , 1974;
and idem , Dynamic Multi-Attribute Models fo r  Mixed Ma npower Systems,
Office of Civilian Manpower Management , Report No. 14, Washington ,
D.C., March 1973.

19. Systems Automation Corporation, Objective Force Model and In t ’en tory
Forecast Model for  Selective Reenlistment Bonus Management Concep t
Design , October 1973.

20. Jaquette, D. L., and G. R. Nelson, The Implications of Manpower Supply
and Productivity for  the Pay and Composition of the Milita ry Force: An
Optimization Model , The Rand Corporation, R-1451-ARPA , July 1974.

21. Personal communication with Dr. Burton Gray, and Working Paper , “En-
listed Personnel Projection and Simulation Model ,” Center for Naval
Analyses, Arlington, Virginia , June 1973.

22. Personal communication with Dr. Kneale T. Marshall , Naval Post Gradu-
ate School, Monterey, Calif.; and R. C. Grinold , K. T. Marshall , and R. M.
Oliver, Longitudinal Manpower Planning Models, Operations Research
Center, University of California, Berkeley, ORC 73- 15, August 1973.

23. B-K Dynamics, Inc., Development of Utility Meas ures for  Manpower Plan-
ning, TR-3-177, February 1973.

24. Hq USAF, The USAF Personnel Plan , Vol. Two, Officer Structure (TO.
PLINE) , Washington , D.C., May 1971. 

~~~~-.~~~-- -~~—-. - - - - .. -- ~~~~~~~~~~ -~~~ -—-.-



F

91

25. Hitch , Charles J., and Roland McKean , The Economics of Defense in the
Nuclear Age, Harvard University Press, Cambridge , Mass., 1960.

26. Charnes, A., W. W. Cooper, and R. J. Niehaus , “Dynamic Multi-Attribute
Models for Mixed Manpower Systems,” Naval Research Logistics Quar-
terly, Vol. 22, No. 3, June 1975.

27. Cass, D., et al., “Goal Programming Models and Algorithms for Navy
Officer Distribution ,” Management Science (to be published) .

28. Charnes, A., et a!., “Static and Dynamic Assignment Models with Multip le
Objectives, and Some Remarks on Organization Design ,” Ma nagement
Science, Vol. 15, No. 8, April 1959, pp. 356-376.

29. Niehaus , R. J., D. Sholtz , and G. L. Thompson, Managerial Tests of Con-
versational Manpo wer Planning Models, Research Report No. 22, U.S.
Navy Office of Civilian Manpower Management, Washington , D.C., April
1975.

30. Charnes, A., et al., “Explicit Solutions in Convex Goal Programming,”
Management Science (to be published).

31. —
‘ 

Some Advanced Start Procedures for Manp ower Planning in Goal
Programming Models, Research Report CS 174, Center for Cybernetic
Studios, University of Texas, Austin , March 1974.

32. Systems Automation Corporation , Personnel inventory Analysis, 3 vols.:
Concept Design , TP121, December 1970; Computer Program Design,
TP13O, June 1971; and User ’s Guide , TP154, July 1973.

33. Mil1’~r, L. W., and L. C. Sammis, Planning in Large Person nel Systems: A
Reexamination of the TOPLINE Static Planning Model, The Rand Cor-
poration, R-1274-PR , July 1973.

34. Communication with Sidney H. Miller , The Rand Corporation , Fall 1974 .

35. Powell, Ken R., Kwan H. Kim, and Terry L. Schilling, AID Loss Pro babili-
ty System for  Off ice rs , Report 73-2-A, General Electric TEMPO, September
1974.

36. Shukiar , H. J., and Ronald Hess, “Dynamic DOPMS Cost Methodology,”
The Rand Corporation, unpublished report, 1976.

37. Kim , Kwan H., and Ken R. Powell , AID Loss Probabilit y System for  Enlist-
ed (AID-E) , Volume I , Executive Summary, Genera l Electric TEMPO,
Washington, D.C., January 1974.

38. Maybee, John D., Captain USAF, Forecasting Airmen Losses and Reen-
listment—the Methodology and its Applications , Personnel Research and
Analysis Division , Directorate of Personnel Plans, USAF, Washington,
D.C., May 1972.



92

39. Sonquist, John A., and James N. Morgan, The Detection of interactive
Effects , Monograph No. 35, Survey Research Center, Institute for Social
Research, Universi ty of Michigan , Ann Arbor, April 1969.

40. Silverman, Joe, New Concepts in Enlisted Personnel Planning: introduc-
tion to the ADSTAP System, Naval Personnel and Training Research
Laboratory, SRR 71.28, San Diego, Calif ., May 1971.

I 
_ _ _  

_ _ _ _  ____________________________________________ - - -- -~~~~~~~~~~~ .—~~~~~~~~~~~~~~~



-

U?~C1 AS S IF  III)
- SE C e’~~T V Ct .. A~. F ’~~~A T ~ ’~ ,~ .~ I ~~~~~~~~~~~~~~~~ ~~~~~~~~ ,,•~~ 

,,,,..,

REPOR I DOCW~~~~’ 1 ’ U I ’ ~GE 
_ _ _ _  ~ ~~n__

Ln~~rL~~~~~ r :(
I. P L P O U  WQMiJ .1 

— 1L GOVT ACC~~~~ l()P’ NO. .~ . KECIp.~~P 1 T S  CATAL(,~, NuMbER

R-l920~ ARPA I _____________________________
4. T I T I E (~~ d Subtiti.) ( 

~~. TYP E OF REPORT & PERIOD COVERED

An 1~nalytic Rev i ew of Personnel Models in the Interim
Department of Defense —________

6. PERFORMiNG ORG. REPORT NUM8ER

7. A UTPjOR(.1 
— 

S. C O N T R A C T O R G°~~N T N U M 8ER(.)

0. L. Jaquette , G. R. Nelson , R. J. Smith DAHC15-73-C-0181 -

9. PERFORMING O R G A N IZ A T I O N  NA M E AND AOOR E5S 10. PROGRAM E L E M E N T . PR Oj E C T . TA SK

The Rand Corporation A REA &~~~ORK UNIT NUU6ERS

1700 Main Street
Santa Monica , Ca. 90406

11. COJ~TROLLI J 4~~ OFF~ Cr N.~ME AN D ~~~~~~~~~~ 12. REPORT DA T E
Det ense ~ civanced ~esearc .~ rrojects Agency September 1977
Depart nent of Defense 

~ NUMBER OF PACES
Arlin9ton , V a .  22209 92

14 . MONITO RING AGENCY NA ME a ADDr,rSS(iI dJif~,cn s :rcm Co.flr.,iIi. ~~ Ot Ac .) IS. S~~Cu HiTY CLASS. ( of  thi. t .p ef l j

UNCLASSIF I ED
IS.. t,ECI A S S F I r A T I O N ,c , , D G P A C d N G

SCHECUL E

IS. DISTRIB UTION S T A T E M E N T  (0! tht’, Report)

Approved for Public Release ; Distribution Un 1ir~i ted 0

17. DISTR ~~~~~ ION S T A T E h ~ENT (o lb. aba!,aci .~~~~~d in c,.,ck 20. If ditI~~~~ f Ire~. Repo~ )

- No restrictions

ii: S U P P L E M E N T A R Y  NOTES

19. K EY WO RDS (C~~.1)n.~. ~J’ t~~~~ tai~ .id. ,‘ ,.ec .. - ~~
) ... ~d i.!r ~’ISlr ~y l,Io,.~ ~~~~~

Perso nnel
~

M i l i t a r y  1’ersor.nt~i -

20. A DSTR A C I (CntIllflU• r.~~.,aa .14. II n.c~’*.ety ~ 1d f,Ie. tify ~y . lock ,~umb..)

see reverse sid e

DD ~~~~~~~ 

.— ___

Y (I. ~~~~~~~ l( A l C ’~ C~~ 1 p .,fS.’A(~ ~ • ‘,., ~~~~~~~~~~~~~~~~~~~



- ---- —.. ——— .- -..

H~ ’ ~_ 1. ~S I F !  L I )
SFCu I: T, . . .c r  Al ~~i4 )I T i ; ~. ~~~~~~~~~~ ~~~~~~ ~~~~~~~~ . 

_______ __________________ — _______, 1’

/
.,Zi~itically examines 26 military manpower models
in light of their ability to aid planners in

managing an efficient military force. This
subset w~s selected From the more than 200
extant military manpower models. The report
surveys the state of the art and describes the
decision environment of model s of thi’~ type.

-An overv iew of the individual models is followed
by criticisms and recommendations for the future.
The last two chapters contain a more classical
survey of each of the 26 models , their theory ,
objectives , and operating characteristics.
The appendixes examine specific ideas in grcat~r
deta il. (Author)

Src u ni ~v C..t. ~~~~~~~ A T R-i. or ~.ic l’ A (.,: 1~~ fl ~~~~~ 
.;:~ , .,


