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U.S. ARMY OPERATIONS RESEARCH SYMPOSIUM

22 - 24 May 1968

FOREWORD

The 1968 U.S. Army Operations Research Symposium is the seventh
annual symposium in the Army series, which is sponsored by the Office
of the Chief of Research and Development, Department of the Army.
This symposium was planned, managed, and hosted by the U.S. Army
Reaearch Office-Durham in Durham, North Carolina.

This volume, Part I, is unclassified and contains all invited
and contributed papers as well as the major addresses which were
presented in the unclassified sessions. A second volume, Part II,
contains the papers and addresses which were presented in the
:lassified sessions.
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OVAN F. BURTON
Colonel, GS
Commanding
U.S. Army Research Office-Durham
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OPENING REMARKS

Colonel Nils M. Bengtson
U.S. Army Missile Command
Redstone Arsenal, Alabama

The Foreword in the Program mentions that this is the Seventh Annual
Operations Research Symposium. Those who have been associated with these
symposia over the years recall that actually there were a few symposia
attended by a large segment of the Army prior to the first in the series
of seven, which started in 1962. The record of the Durham offices in
these conferences extends back some 11 or 12 years. Over the years it has
been the purpose of these meetings to stress the importance of operations
research and systems analysis in the activities of the Army and to serve
as a showcase to the Army for operations research being performed by mili-
tary and civil service engineers and analysts. The Proceedings of the
conferences are valuable documents and serve as the actual showcase for
the papers of Army personnel. Preprints of the Unclassified Contributed

Papers for this meeting are available.







WELCOME

Colonel Donovan F. Burton
Commanding Officer
U.S. Army Research Office-Durham

Good morning, Gentlemen:

This is the 7th Army Operations Research Symposium. Traditionally, there
have been several objectives to be secured by these symposia held annually
thus far. Very briefly those objectives are to:

a. Emphasize the role of operations research in the improvement of
military operations.

b. Acquaint key personnel of the Army with in-house capabilities.

c. Provide a forum for presentation and discussion of Army problems.
d. Inform participants of new technological developments.

e. Increase applicability of results obtained in O.R. studies.

f. Further personal acquaintances of operations analysts.

Broadly speaking, the objectives might be summed up by saying that the symposia
are attempts to spread the word on operations research and systems analysis to
Army people as a way of thinking about problems. Appropriately, this way of
thinking should have behind it quantification of facts and perhaps probabilistic
statements about relevant but incomplete information, such that the appropriate
methodology can be brought with strength against the problem itself. Even if
the facts and relevant information are not quantified, the logical way of
thinking employed by the analyst i1s an end in itself. Thus it is that we hope
to talk about operations research and systems analysis during this symposium
with view to obtaining their broad practice throughout the Army.

It is interesting to note the growth of military participation in these
symposia. In 1962 there were three military speakers and twenty-four civilians.
The ratio varied during the intervening years to the point that in this symposium
20 speakers are military and 28 are civilians. The percent military is 41.7 in
1968, versus 11.1X% in 1962, Fitting a straight line by least squares to all
points one finds the mean increase per year is 3.8%. The increase is significant
to the .05 level!

I should like to offer some explanation about the agenda. We tried to
design it with some logic so that plenary sessions would provide some basis
for the more detailed presentations in simultaneous sessions. Force planning
seemed to us to be almost all encompassing so we started with it. The
intelligence base for force planning could then be looked at along with
weapons consideration. A look at the Vietnam situation could provide some




intuitive assessment of previous force planning for that contingency. We
then felt it might be useful to discuss the meaning of operations research
and systems analysis, followed by papers representing one or the other.

Last, we wanted to take some look into the future, and for this purpose
established a working group to discuss areas in which the military can profit
by further research.

I must say the response for participation has been overwhelming. We
received some 60 contributed papers of great variety. This in itself attests
to the growth of operations research interest in the Army. Unfortunately,
we could use only 15 of them in the limited time available but there was
the advantage of more selectivity for those to be presented. It might also
interest you to know that approximately 35% of those assembled here are
participants in one way or another in the proceedings.

Now 1f I may make a few personal remarks. I believe very strongly that
progress is made through people working together to integrate their various
talents and energies. To the extent that OR and SA studies provide order
and rationality in this direction the more effective people will be. OR
and SA studies do not provide action but merely indicate direction of action.
The proof of their value lies in the accomplishments by people not as planners
but as operators. Consequently, there must be a preponderance of belief in
the values of such studies by those who execute if their committed effort is
to be obtained. It seems to me that OR and SA analysts must keep one eye
turned toward those who will implement the required actions. This may be
asking too much of the analyst but certainly somewhere in the decision, the
propensities of the action agencies must be examined. TFX may be a notable
example of such a need. Secondly, a lesson learned by the British during
World War II days may have been forgotten. Many of you will recall the
"Sunday Soviets" which were successful meetings to achieve problem definition.
You will recall perhaps the tremendous variety of talent brought together in
the Soviets extending from the user of military systems to representatives
of diverse disciplines. The product of their discussion was a scientific
and meaningful statement of the problem. Crowther and Whiddington in their
book "Science at War" im talking about the Sunday Soviets considered the
statement of the problem as half the solution. Perhaps we need to give more
attention to problem formulation.

Gentlemen, I hope you have a stimulating and meaningful experience at this
symposium. Perhaps the ideas expressed here will contribute to your efforts in
your organization. We could ask no more. Let me extend to each of you a
sincere welcome.




OPERATIONS RESEARCH AND SYSTEMS ANALYSIS
ITS USE BY THE ARMY

Brigadier General C.D.Y. Ostrom, Jr.
Director of Army Research

At the charm course for new stars, the students were reminded that
a remark by a senior colonel was an expression of opinion while the same
words spoken by a junior BG were a statement of policy. You had better
consider the speaker a senior colonel for the next several minutes.

First, I consider that systems analysis 1s either what was called
engineering economics or else is intelligent and methodical design. Such
a definition makes systems analysis a specialized fraction of operations
research, so I'll just talk about operations research and the Army. If
the thoughts expressed conflict with the panel discussion tomorrow morning
of "Operations Research/Systems Analysis - What Are They," lay it to the
hazard of not presenting the speaker with his text.

Second, the Army as a whole does not make maximum use of the art
and maybe doesn't understand what operations research is.

Third, the Army used operations research long before the phrase was
coined and is a massive user of many facets of the art. The formal staff
study and the estimate of the situation were widely used prior to 1940 and
are both classic examples of operations research. The Army Air Forces and
the antiaircraft artillery used the methodology as presently defined
extensively in WW II. The Ordnance Corps was applying it to weapons systems
analysis prior to 1948, and its use is all-pervasive in the Army General
Staff, the Army Materiel Command, and the Combat Developments Command today.

Troubles seem to surround its use despite its age and presumed
familiarity. I will discuss some of these apparent difficulties at the
risk of repetition and oversimplification.

What 1is operations research? It is a staff action to support the
commander and aid him in his decision-making. An ideal staff study needs
only an initial in the Approved or Disapproved box. If the guidance was
imcomplete or incorrect, then See Me 1s checked. Guidance generally applies
to the Assumptions, less often to Facts Bearing on the Problem. And See Me
is most likely to deal with Assumptions. Another possible reason for that
See Me is that the methodology or Discussion is obscure. The end result is
that the commander is dubious about the conclusions and recommendations.

Let's expand on these ideas a little to examine implicatioms. First,
let's look at an organizational relationship. The decision-maker is
responsible for guidance, particularly on policy. If it is too vague
initially, he should expect some discussion with his action officers to




refine it, the See Me. Guidance or assumptions have another idiosyncrasy.
The implications of a change in assumptions may not be clear to anyone
concerned. Thus the staff officer should make occasional sensitivity
analyses in the course of the study to determine the relationship of
assumptions and conclusions. If he finds a great deal of sensitivity,
then he should actively seek the See Me in order to have the guidance
refined. A definitive study can hardly be expected if there are no bounds
placed on ite scope. The effort becomes a talking paper, an item of value
in itself, but hardly operations research.

The next man or group in the act is the staff. They are the executors
of the study. Their role with respect to the Assumptions has been outlined.
They also are responsible for digging up that other body of data, Facts.

And facts need to be vigorously examined initially; often they too are
assumptions once their pedigree is exposed. And a questionable fact needs
a sensitivity analysis. The staff can do this without consulting the
decision-maker where detail is concerned: engineering, costs, or other
presumably quantifiable data. Next comes methodology or discussion. This
is a job of the staff. Conclusions are independent of methodology unless
your staff is inept, to phrase it kindly.

Leaving people, next comes the organization of the paper. The staff
study and estimate of the situation have a prescribed format. It would
be a major advance in operations research if OR study papers were organized
80 that the reader could find the facts, could find the assumptions, and
could get some idea of the various sensitivities without redoing the study.
Too often there is a statement of the problem, a discussion with facts,
assumptions, and methodology inextricably mixed and undefined, no sensitivity
anslysis, and then conclusions. Such a paper does not breed confidence.
Admittedly, assumptions occasionally influence methodology and these two
become intertwined, but this is not the normal occurrence.

These brief comments should answer the question of: "What is operations
research?" As one industrialist defined it: "Operationms research is one of
several staff tools to aid the manager in reaching a decision.'" He went on
to say: '"If you are going to get maximum advantage from the prpcess, you
(the manager) must become involved." Commander can be substituted for
manager without altering the ideas expressed.

Next, who are the practitioners of operations research? These days
their name is legion. I am not talking about military OR/SA specialists,
I refer to the total community. Their journals are called Operations
Research, Management Science, and Econometrica. They are primarily physical
scientists, engineers, mathematicians, econometricians and statisticians.
On the other hand, philosophic logic and Greek literature have been commended
by certain outstanding practitioners as ideal academic preparation. The
coursework currently given in American universities is heavily oriented
toward certain kinds of mathematics and business administration. This




emphasis on methodology may obscure the overwhelming importance of the input.
The philosophy major is less likely to forget this fact and will remember

the precepts of Ecclesiastes, lst Chapter, 15th Verse, 'That which 1s crooked
cannot be made straight; and that which is wanting cannot be numbered." Or
as Sergeant Friday of Dragnet said repeatedly, '"Give me the facts, Ma'am,
just give me the facts." The statement of the problem, the facts, and the
assumptions predetermine the conclusions. The methodology 1s an orderly
discussion. If sufficiently mathematical and detailed, it will expose a

fine grained structure in the conclusions. But the only way methodology

can alter conclusions is to change good input to bad conclusions by mis-
interpretation.

Having scooped up the whole universe of practitioners, 1'll try to
narrow them down to the fraction apparent in the Army. This has two parts,
a uniformed segment and a civilian segment. The civilian group is further
subdivided into civil gervice and contractor personnel.

For the officer, there now is the OR/SA Officer Program. MOS 8700
is established to describe a class of assignments. The Summary and the
first paragraph of Duties are worth reading:

"Summary: Conducts qualitative and quantitative analyses of complex
military and military-related problems and studies by application of the
analytical methodology of operations research/systems analysis (OR/SA).
Identifies and clarifies major factors of the problems and studies, and
as an aid in decision making, provides to the decision maker qualitative
and quantitative bases for assessment, and the derivation therefrom of
the relative desirability of various alternative choices.

"Duties: Employs the techniques of OR/SA such as analytical mathema-
tical models, statistical analysis, network analysis, stochastic processes,
queuing theory, servo theory, game theory, Monte Carlo techniques, and
linear, non-linear, and dynamic programming for the solution of assigned
problems and studies. Conducts detailed analytical studies and original
analyses of complex military and military-related problems in highly signifi-
cant, comprehensive, and often controversial areas of interest such as
strategy and tactics, logistical systems, surveillance and target acquisition
systems, weapon systems, resources utilization, force structures, manpower
requirements, cost effectiveness, intelligence, management, engineering and
technical, political, and economic developments."

Both paragraphs appall me. I was taught that the star of the general
staff was defined by the summary definition except for the phrase "... by
applications of the analytical methodology of operations research/systems
analysis.'" The duties paragraph emphasizes the methodology aspect, by
inference overlaps the logistical officer program, the ADPS cfficer program,
and others; and makes one wonder if we are not going the route openlv
announced in some colleges of education: "You don't have to know what you




are teaching; all you need to know is how to teach." If you read to the
end of the job description, some perspective returns as I will quote
Qualificatione and Examples of duty positions for which qualified:

"Qualifications: Must be able to perform duties described above and
possess the following special qualifications:

"Must have academic background and/or experience equivalent to that
obtained through post graduate study in operations research, systems
analysls, mathematics, statistics, economics, logic, management, or in
other fields related to OR/SA.

"Must have ability to direct OR/SA contracts, and to work with inter-
disciplinary groups.

"Should have comprehensive working knowledge of data processing methods
and techniques, to include model building and linear programming.

"Must be able to communicate ideas effectively, both orally and in
writing.

"Must have mature judgement and positive objectivity in the analysis
of problems where controversial interests must be considered.

"Must have the faculty for orderly thinking conducive to analytical
solutions of problems.

"Examples of duty positions for which qualified:

"Operations Research Officer
"Systems Analyst

"Staff Officer

"Project Officer

"Force Structure Analyst
"Operations Research Analyst'

I am not deprecating the requirement for officers trained in the
methodologies cited. I would suggest they also know what they are manipulating.
Manpower management is different from operating a tactical operations center,
and both are different from spare parts supply. You can apply the techniques
to all three. But an 8700 having successive assignments in such diverse
operations would have trouble verifying his data banks.

0ddly enough, the Army Educational Requirements Board recognizes three
kinds of training: Operations Research (Business); Operations Research
(Engineering); and Systems Analysies. With one MOS I am not sure how you
keep the educational products sorted out for ugse. Some such sorting secms
desirable. There is a very real split between two of these types.of back-
ground. The man with the physlcal science and engineering background has




faith in effectiveness indices; the product of the business administration
route has faith in his costs and none in effectiveness figures. Both have
blind faith more often than not. Engineering performance is not necessarily
military effectiveness. Nor is a speculative tally of dollars a reflection
of national costs, under mobilization conditions at least. With ACSFOR the
protagonist for the OR/SA Specialist program, some of these personnel problems
should be resolved in conjunction with DCSPER and OPO.

It may be more illuminating to see where the civilian component
operates. DCSPER and OPO are supported by both in-house and contractor
effortas. Policies are studied and operational personnel distribution systems
are designed.

ACSI, DCSOPS, and other general staff sections obtain policy study
support from contractors.

ACSFOR and the Combat Developments Command use in-house and contractor
support in all phases of materiel and force development. Paralleling this
pair are CRD and the R&D portion of the Army Materiel Command.

Move on in the materiel cycle and you find DCSLOG and the Army Materiel
Command using both in-house and contractor support. Applications are many --
transportation, scheduling of overhaul, spare parts procurement and supply,
depot operations, to name a few.

The Chief of Engineers has in-house groups.
USARV and Seventh Army have contractor support.

The Comptroller of the Army has his in-house capability. I'll not
1list the highly visible groups at very senior echelons. But one can see
that practitioners of the techniques of OR are widespread throughout the Army
system. Moreover, they are in short supply. This latter fact should suggest
preferential attention to their use.

Considering the definition of operations research given earlier in the
talk, how do you use the scarce talent? First, consider that quality of staff
output is a function of time available to work. Overload the OR/SA people
and you get degraded results. A priority system for studies is as important
as an allocation system for major items of equipment in short supply. Under
current conditions, not too facetiously, I would propose two classes of OR/SA
effort in any command: One to respond regardless of quality, and the other
to do well the work vital to the command. The latter effort will need some
insulation from time pressures and free access to raw data. Remember that
validation of data is an important part of any analysis. This leads to the
desirability of the OR/SA group having within it people who have gathered
gsome of the types of data being used. Very little data can be separated
entirely from an understanding of the enviromment in which it was gathered.
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staff man needs to consider if he is really doing a competent job or whether
he is behaving as an artist entitled to support by a patron. The commander
should consider whether he is giving honest guidance to the staff. When

both have clear consciences, then the joint effort to resolve misunderstandings
is worthwhile. Thus the real evaluation of an OR/SA effort is, "Was it used;
and if not, why not?" Negative decisions reached are useful, resources are
not infinite; but a mathematically elegant solution to the routing problem

of the military tanker fleet wasn't of much use since the boundary condition
that the ships touch at home ports periodically was omitted. Another founding
father tells this on himself and also swears he will never again touch a
practical problem.

Having gone through history, philosophy, operations, personnel, and
review and analysis of operations research and systems analysis as currently
found in the Army, it is time to summarize a personal viewpoint. The
existence of this symposium and your presence at it prove that the Army
recognizes the fact of OR/SA and also its importance to some degree. It is
a technique for studying problems and it will not go away. Thus, the whole
organization had better become comfortable with it and learn how and where
it is appropriate to use the art. It is questionable if it i1s a science
although it may use fractions of many hard and soft sciences.

"Deutsche Gesellschaft fuer Unternehmensforschung' is the name of the
German Operations Research Society. '"Unternehmensforschung', a coined word,
roughly translates into ''Undertaking Research'" or '"Understanding.'" Under-
standing can use the scientific method but is hardly science. It needs no
sophistication at all. The Canadian National Railways (whose president was
an OR practitioner) installed a course pitched to the academic level of every
gang foreman. Every foreman went through it. As a result, many operating
practices were improved by the application of observation, common sense, and
imagination. The foremen started looking at their operations as problems, not
practices. So I maintain we are talking about an action, a function, when
we speak of OR!

This function manipulates or considers facts and assumptions. The
study is the whole of the facts, assumptions, and manipulation. If the OR
practitioner is to be a whole man, he must be as familiar with the scenario,
the data, and the assumptions as with his matrices. Otherwise he can only
be a fraction of an interdisciplinary team. In this complex age, there are
very few whole men. The interdisciplinary team is more likely to turn out
the valid studies. This fact is implicitly recognized throughout a good many
parts of the CONUS establishment, certainly in the Army General Staff, the
Army Materiel Command, and the Combat Developments Command.

The Army will probably not be comfortable with the notion of OR/SA,
however, until it can rewrite the 8700 MOS to look more like a specialist or,
rather, as the several specialists recognized by the Army Educational Require—.

ments Board. It will be really comfortable when you find S-1/G-1, S-3/G-3, and
S-4/G-4 listed as examples of duty positions for which the 8700 or- his several

successors, 1s qualified. There is no reason why this should not occur some day.
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AN AUTOMATED FORCE PLANNING SYSTEM

Brigadier General Paul D. Phillips (Ret.)
Acting Deputy Assistant Secretary of the Army
for Manpower and Reserve Affairs

INTRODUCTION
Mr. Chairman, Gentlemen,

We are delighted to be here to discuss with you the subject of
force planning.

This first slide (Slide 1 on) shows our schedule (Slide 1 off).

Whereas force planning is not new in the Army, having always been
a G3 function, the heavy emphasis on it in the Army is new, stemming from
the establishment of ACSFOR in 1963 through the establishment of large force
planning analysis staffs in the Chief of Staff's immediate office in 1966 and
1967, to the creation of an Assistant Secretaryship
now holds.

The new emphasis simply reflects the necessity of making force
structure decisions right the first time in a world where potential Army
missions are profuse, and where manpower and weapon systems are incredibly
expensive. Complicating the decision-maker's problem are the great uncertainities
which face him; uncertainities which range from enemy capabilities and intentions
down to how many soldiers in a critical MUS are going to re-enlist.

So that we start on the same basis, here (Slide 2 on) in the absence of a
definition in the Army Dictionary, is a definition of force planning on which we
three, at least, have agreed.

Finally, as part of the background for the discussion, I would like to
explain the dynamics of force planning as depicted on this slide (Slide 3 on).
As shown here, and admittedly this is a highly simplified portrayal of the
system, the planning consists of five processes shown across the top and four
forces, shown on the next line. The process beings with missions as determined
from authoritative sources. In earlier times these were spelled out in National
Security Council Memorandums. More recently they are derived by the JCS in
a less formal manner. The JCS and services then, through a series of studies,
analyses, and war games, and in a process here called estimation derive the
objective force. This is the force which the JCS and services believe is required
to carry out the mission.




Next, the systems analysis side of SECDEF's Office, introduces the
economic and political aspects of life in analyzing the objective force to
produce the approved force. This force is communicated to the services by
SECDEF in a Draft Presidential Memorandum. There are a number of these.
We are interested primarily in two: that for General Purpose Forces and that
for Land Forces.

Next the SECDEF's budget people enter the process. Together with
the service comptrollers and in a process called development, they introduce
technical and budgetary aspects to produce the authorized force.

In a process called management, the services attempt to make the
actual force the same as the authorized force and, except for human error
and friction in the system, they do.

Employment of the actual force through plans - as we're doing in
Vietnam provides a check (Slide 3 off).
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AN AUTOMATED FORCE PLANNING SYSTEM

Brigadier General Paul D, Phillips (Ret.)
Acting Deputy Assistant Secretary of the Army
for Manpower and Reserve Affairs

(Slide 1 on) - The Automated Force Planning System I will be discussing
is being developed at Research Analysis Corporation under a Project called
FOREWON (Slide 1 off).

An ideal force planning system must (Slide 2 on) operate in 3 modes,
requirements, capabilities, and design. In the requirements mode, the
mission to be performed is the input, forces required is the output, and resources
are to be minimized. In the capabilities mode, the approved forces are the input
and the degree to which the mission can be accomplished is the output, Since
we would presume adequate resources would be made available for approved
forces, they are not part of this problem. In the design mode, various levels
of dollar and manpower resources are input and the force structure which will
maximize accomplishment of the mission is the output (Slide 2 off),

Those parts of force planning covered by FOREWON are highlighted on
this slide (Slide 3 on - flip down). We will be dealing with missions, with the
Army, in studies and war games, and with the aim and hope of improving oun
the word ""Estimation.' We will be dealing with providing the decision-maker
a set of objective forces from which to choose, which you will recognize is
the output of the requirements mode. Finally, we will be dealing with the
approved force, testing it against mission, which represents the c apabilities
mode (Slide 3 off). .

The features which the model would seem to require are shown here
(Slide 4 on). The model must be dynamic, that is, able to handle time-phased
troop requirements; for without this feature, there is no way of handling
readiness requirements, no way of apportioning the total force among active
army and reserve components, and hence no way to determine peacetime costs.

The model must be able to handle major forces (divisions and brigades),
roundout forces, logistics, strategic movement, and costs,

The model must have a fast cyclic rate. Here the aim must be to handle .
one alternative in not more than 24-hours; because the only advantage of an
automated system is that it permits the decision-maker to examine man
alternatives, )




Finally, the model must be useful--useful now and for the future,
This means, it must be helpful in solving the kinds of problems faced by
the force planner and decision maker (Slide 4 off).

With this as background, let me show you how we put together a
rudimentary force planning system using models which were developed over
a loug period of time for a variety of customers to help solve a wide range of
problems (slide 5 on).

~

We started with the RAC Computerized Theater Level Quick Game which
has four internal models as shown. Force resolution is the division or brigade;
time resolution is one day. The output is time phased major combat force require-
ments, and their combat postures, by which is meant defending, fighting a meeting
engagement, in reserve and the like; and a day-to-day trace of the FEBA (Slide 5 off).

Next, SIGMALOG, (Slide 6 on) a Theater Logistic Simulation was added,
with the Building Block Model of Strategy Tactics Analysis Group incorporated
in it. The Building Block Model provides time phased combat support and
service support unit requirements to support the combat force; and SIGMALOG
proper, using the two models shown, can compute time phased tonnage require-
ments and a peak force troop list by standard requirements code (Slide 6 off).

Next, ADROIT, (Slide 7 on) a Linear Programming Model for determining
Sea and Airlift requirements, was added. Using time phased theater tounage
requirements from SIGMALOG and technical and cost data on candidate vehicles,
ADROIT can design and cost a least-cost transportation fleet (slide 7 off).

Finally, two Cost Models (Slide 8 on) were added. The Dual-State Cost
Model (the two states are peace and war) which accepts time phased deployments
and produces the recurring costs of a force for both states and the non-recurring
cost of going from one state to another, This model costs the world wide Army
force structure.

The ISOC (Individual or System Organization) Cost I\JIodel which accepts
the peak force in a given theater and computes the peacetime burden of owning
such a force,

This then is what we call the Prototype System. We applied it last
summer to seven alternative scenarios developed by the Army for Northeast
and Southeast Asia, It has a number of shortcomings which are being corrected :
now. Since January, the General Staff has used an improved version of the
prototype in this year's Army Force Development Plan (Slide 8 off).

You recognize, of course, that what I have described thus far is useful
only for looking at a single theater. The force planner is interested in the whole
Army structure. My next slide depicts a concept for determining the total combat
force requirements to handle multiple contingencies (Slide 9 on)."
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Starting with mission, and here we are assuming that it is to be able
to handle two major and one minor contingencies, we develop scenarios for
whatever places these contingencies might occur. These are being developed
now by the Engineer Special Study Group in a study called "SPECTRUM."

Using these, or any scenarios, and a theater force designer along the
lines of the Quick Game and SIGMALOG Models of the prototype, we produce
a force capable of doing whatever is desired on the ground in each of the
contingency areas and the logistic requirements for each such force.

Next, the Army combines the various individual scenarios into composite
contingencies, each one of which represents a feasible refinement and more
specific statement of the very general starting mission. For example, composite
contingency 1 might be, defend Europe on the Iron Curtain, maintain a foothold
in Southeast Asia, and be prepared to react to a situation in South America
with one brigade force.

Now we come to a very important point. We must agree that the ability
to carry out all of the composite contingencies one at a time, in a sct of
composite contingencies which we have defined, represents satisfactory
mission accomplishment.,

We next design a force to carry out each of the composite contingeuncies.
As you see, this is a simple combination of the theater forces previously
determined. At the same time, we determine the strategic transportation
requirements for each composite contingency. Now we have say 1 to M
composite contingency forces and corresponding transportation requirements.

There remain two steps. We find the union of all elements of the
composite contingency forces--and this we call Objective Force #1--and cost
it, and we determine the least cost deployment fleet. In finding the union, we
are determining the smallest force capable of handling all composite contingencies
(CC) one at a time. For example, if CC, requires 4 infantry divisions by D+30
and 7 by D+90, whereas CC, requires 5 xlnfantry divisions by D+30 and 6 by D+30,
we must have 5 by D+30 and7 by D+90 to be able to carry out both CC's one at
a time.

You have probably already noted that the way alternative objective forces,
transport fleets, and costs might be generated is simply to alter the elements
making up the CC's. For example, if the enemy threat differs, or if one decides
to hold at a different place in any one theater, a different objective force emerges.
This, then, is a concept for broadening the theater force planning system into a
world wide system (Slide 9 off).

A similar concept exists for the capabilities mode which we will not
have time to show.




However, I do want to give you an idea of the kind of output we will
get from the system just described and the sort of things we could do with it.
(Slide 10 on) Imagine that this is one objective force, that is, the union of all
the units by type and time phasing required by one set of composite countingencies.
We have units down the left column by SRC and time across the top. Numbers
in the body of the chart are, therefore, time phasedrequirements. Now I want to
determine what part of this objective force must be in the active Army, what
in the reserves, and what unmanned. All I need is a set of rules which tells
me the readiness dates of reserve and unmanned units by type. In the example
here, reserve infantry divisions cannot be ready until D+40; therefore, the 6
required before D+40 must be in the active Army, but the 7th, 8th, and Sth can
be reserve. And, since, the 10th, and 11th infantry divisions are not required
until D+360, they can be unmanned units in peacetime. Similar cut-offs for
all of about 600 SRC's will permit apportioning the force among active, reserve,
and unmanned units. Schematically, the '""Green" units are active, the "Orange"
units are reserve, and the '""Blue'" units are unmanned (Slide 10 off). A refine-
ment of this concept would permit examining the implications of variable manning
levels for active Army units,

Finally, we see (Slide 11 on) the kind of decision matrix we can construct.
This slide represents a summary of what can be looked at in any detail desired.
For each of 1 to say 20 objective forces we have a brief description of the force,
its capabilities on the ground, its initial investment and annual operating costs,
its manpower requirements for active, reserve, and unmanuned units, and the
make-up and cost of its strategic deployment fleet. Comparisons, then, between
and among alternative objective forces is made easy (Slide 11 off).

Gentlemen, this has been a hasty overview of the RAC councept of an
automated force planning system, a tool we expect to be of use to Army force
planners and decision makers by permitting them to examine a relatively large
number of force alternatives.

We are now ready for your comments, questions, and discussion.
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Decision Matrix (FICTIONAL)
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STRATEGIES AND VALUES IN NOISY DUELS
Dr. Martin FoxT and Dr. George S. Kimeldorfi
Mathematics Research Center, U. S. Army

University of Wisconsin
Madison, Wisconsin 53706

1. Noisy Duels

At high noon two gun slingers, Gary Cooper and John Wayne, stand
at opposite ends of the main street in Laredo. The first duelist, Gary
Cooper, has a gun loaded with m bullets (an m-shooter) while the second
duelist, John Wayne, has an n-shooter. Slowly and steadily they advance
toward one another with pistols drawn so that, if both live that long, they
will eventually be face-to-face. Initially (corresponding to time t = 0)
the duelists are far enough apart so that the probability of either hitting
his opponent is zero, while when they are face-to-face (corresponding to
time t = 1) the probability of hitting is of course 1 . Either combatant
can fire his shots at any times between t=0 and t=1 inclusive. If he
fires too soon he might waste some shots when the probability of hitting is
small; if he delays shooting, however, he risks being hit before he has an
opportunity to fire. Our problem is to determine the "best" times for each
duelist to fire his shots. The meaning of "best" is explained below.

At any time t, let P(t) denote the probability that Gary Cooper will
hit his opponent if he fires a shot at time t . Thus P(t) is a function t,
and will be called Gary's accuracy function. Similarly let Q(t) denote
John's accuracy functions. We assume that the accuracy functions are
continuous and increasing and that each duelist knows how many bullets
he and his opponent have to start out with as well as how accurate each
duelist is. A duel is said to be noisy if each combatant hears his oppo-
nent's shots. Henceina noisy duel, which we are considering here, each
duelist knows at any time exactly how many bullets his opponent has left
and can act accordingly. For example, if one duelist has no bullets left,
then his opponent will not fire his last bullet until t =1 when he is sure

to hit.

t On leave from Michigan State University
t On leave from California State College at Hayvrard

e e— R —

Sponzored by the Mathemntics Research Center, United States Army, Madi-
son, Wisconsin,; under Contract No. : DA-3]1-124-ARO-D-462.
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In order to define what is meant by ''best' shooting times, we must
state what each duelist's stake in the matter is. Let us assume that a
duelist wins one point if he is the sole survivor; he loses one point if his
opponent is the sole survivor; he neither wins nor loses if both survive or
if neither survives. (Since the duel terminates as soon as either duelist
is hit, the only case in which neither survives is when both shoot and hit
simultaneously.) By '"best" shooting times we mean those which maximize
a duelist's average or expected payoff assuming his opponent behaves
rationally. This maximum expected payoff is called his value of the duel.

Analyzed mathematically, the noisy duel is a zero-sum two-person
game. In reference [1] the present authors prove that this game has a
value and discuss in detail the structure of reasonable strategies. We
summarize our results and outline our methods in Section 2 below. A very
elementary introduction to game theory appears in [ 4], while [ 3] contains
a mathematical treatment of general games as well as certain duels and
other games of timing.

2. The Mathematical Analysis

Let the accuracy functions for John and Gary be P and Q respec-
tively and consider first the noisy duel in which each duelist has only one
bullet. Let th be a time for which P(tu) + Q(t);) =1, so that

(1) P(t,) - [1-P(t, )] = -Q(t,)) + [1-Q(t,)]

Let vy, denote the quantity defined by either side of equation (1) and
consider the following strategy Ap e

Plan to fire at time t;; but if the opponent
fires earlier then do not fire until time
t=1.

Suppose Gary follows strategy All . Let t denote John's planned
firing time. If t < t;;» then with probability Q(t) John will hit Gary, in
which case Gary's payoff is -1, or with probability 1-Q(t) John will
miss, in which case Gary will fire at time 1 and win 1. Hence if t <ty1,
Gary's expected payoff is -Q(t) + [1-Q(t)], which, since Q is an
increasing function of time, is not less than the right side of equation (1).
If t> tj;» then John will wait until time 1 if Gary misses at time t;; ,
so that Gary's expected payoff is P(t};) - [l -P(tu)], which equals the
left side of (1). Furthermore, if t =t,,, then Gary's expected payoff is
P(t))[! —Q(t“)] = Q(tn‘)[l—P(t“)], which equals Vi1

Hence we conclude that if Gary follows strategy A his expected
payoff is never less. than v, ho matter what John does. A symmetry




argument shows that if John follows strategy All’ then Gary's expected
payoff is never greater than v); no matter what Gary does. Therefore,
strategy A); is an optimal strategy for both duelists and the value of the
duel to Gary is Vi

We now outline a recursive procedure for solving a noisy duel in
which Gary and John have arbitrary numbers of bullets. Let t denote
the optimal firing time for the first bullet in the duel in which Gary has i
bullets and John has j bullets and let vy denote the value to Gary of
this duel. In order-to solve the duel in wguch Gary has m bullets and
John has n bullets, we assume that all "'smaller' duels with the same
pair of accuracy functions have been solved. In particular, we assume
that t;; and v;; are known whenever i < m and j <n except whenboth

1=m and j=n . Itcan then be shown that there exists some t = tmn
for which
P(tmn) - [I-P(tmn)]vm—l,n ) -Q(tmn) n -Q(tmn)lvm,n-l

and that tan satisfies the inequality

<
(2) I"mn min(tm-l,n’ tm,n-l

Consider the following strategy Amn

If the opponent fires before time t__, follow

a rational strategy in the resulting smaller duel.
Otherwise, fire at time t__ and then follow a
rational strategy in the resulting smaller duel.

By ''the resulting smaller duel' we mean the duel involving the numbers
of bullets the duelists have left at any time. Inequality (2) implies that
at time thn it will not be too late to follow a rational strategy in the re-
sulting smaller duel, so that A 1is well defined .

We can show, as was shown for the duel with 1 bullet for each
duelist, that strategy Ann works well against an opponent who fires his
first bullet earlier than time t.,, and that A, works well against an
opponent who fires his first bullet after time t,, . Unlike the duel with
1 bullet each, however, it is not always true that A~ works well against
an opponent who fires his first bullet exactly at time ton - What usually
happens is that simultaneous firing is advantageous to one of the duelists,
but dlsadvantageous to the other. We say that LY is a good first-shot
time for a duelist for whom A~ is a rational strategy, namely one for
" whom simultaneous firing is not disadvantageous. A duelist for whom.
simultaneous firing is disadvantageous should'follow “trategy B ¢

29




1f the opponent fires and misses at time t., ,
then follow a rational strategy in the resulting
smaller duel. If the opponent fails to fire at
time t,,, then selecta time t o randomly
(according to a continuous proban{)ility distri-
bution) in a very short interval following time
tmn and fire at time , (unless the opponent
fires and misses earlier). Afterwards, follow a
rational strategy in the resulting smaller duel.

The mathematical relation which determines whether t. . 1s a good first-
shot time for Gary, for John, or for both is given in references [1] and

[2].
3. An Example

Let us consider an example of a noisy duel. Gary has 3 bullets
while John has 7 bullets. The accuracy function for Gary is P(t) =2 y
while for John it is Q(t) = t¥ . Hence Gary is always (except for t = 0
and t =1 ) more accurate than John, although John has more bullets. The
course of the duel, assuming both duelists behave rationally, is repre-
gsented by Figure 1. The solid lines indicate John's firing, the dotted lines
indicate Gary's firing, and the line at time t ='.786 represents the simul-
taneous firing of their last bullets. The abscissa of each line is the time
at which a bullet is planned to be fired, while the length of a line repre-
sents the probability that the bullet if fired will hit the opponent. (Note
that although we have indicated the firing times for all 10 bullets, it is
quite likely that one duelist will be hit while he still has some bullets re-
maining.) The figure shows, for example, that John has a good first-shot
time in this duel, but that Gary would have a good first-shot time in the
resulting duel if John missed with his first 3 shots.

The value of this duel to Gary is computed to be 0.130 . If in many
repetitions of this duel both duelists (or their respective ghosts) behave
rationally, then Gary will be the sole survivor 50.8% of the time, John
will be the sole survivor 37.8% of the time, both will survive 5.7% of
the time, and they both will be killed (as a result of their simultaneous
firing of their last bullets) 5.7% of the time.

Tables of shooting times and values for some noisy duels as well as
formulas for computing the value and shooting times for ary noisy duel are
found in [2].
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4. The Price of Inaccuracy

A tabulation of best shooting times tells a duelist how to behave
when faced with a given dueling situation. Another question we might
raise is how best to prepare for a duel. (A more basic question which we
won't discuss is how to have avoided the duel in the first place.) Clearly
one should prepare for a duel by arming oneself with as accurate a weapon
as possible and with as many bullets as possible. But suppose the weight
of additional ammunition causes a decrease in accuracy, or suppose a
fixed amount of money must be allocated between buying ammunition and
taking shooting lessons. The problem of optimal preparation for battle is
clearly an important but complex problem in military operations research.
Perhaps the noisy duel can shed some light on one aspect of the problem.

The duel previously considered gave Gary a small advantage (since
his value is positive) eventhough John has more than twice as many
bullets. Clearly Gary's advantage is due to his superior accuracy. Com-
putations show, in fact, that we would have to give John a total of 11
bullets versus the 3 for Gary in order to compensate him for Gary's su-
perior accuracy.

Table | presents several examples of the price of inaccuracy. We
fix the accuracy function of Gary to be P(t) =t . For a given number of
bullets for Gary and several inferior accuracy functions Q(t) for John,
Table 1 shows the number of bullets John must have to overcome the effects

~of his inferior accuracy. For example, if P(t) =t, Q(t) = tz, and Gary
has 4 bullets, then John would need 17 bullets to overcome the effects
of his inferior accuracy; if P(t) =t and Q(t) = t4, and Gary has 6
bullets, then John would need 1482 bullets.

For the noisy duel one conclusion seems clear: the price of inac-
curacy is high and an enormous arsenal may be needed to overcome the
effects of a decrease in accuracy.
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John's Accuracy Function
Number of > 3 4
Bullets for Gary Q(t) =t Q(t) =t Q(t) =t
1 2 3 5
2 6 13 32
3 11 34 122
4 17 TE 335
5 25 130 754
6 35 [ W 1482
7 46 331
8 59 482
2 74
10 90
11 108
12 128
13 149
14 172
15 196
Table ]l — The number of bullets John needs to overcome

the effects of Gary's superior accuracy function
P(t) =t .
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"PERSONNEL INVENTORY ANALYSIS"

by

Mr. Alfred Rubin
RESEARCH ANALYSIS CORPORATION
MclLean, Virginia, 22101

Cognizant Agency: Deputy Chief of Staff for Personnel, Office of
Personnel Operations, D/A

INTRODUCTION

The advent of "limited, small"” wars, with the country officially at
peace, has increased the rigors of Army mission accomplishment. Along
with the simple mandate for all-out victory, gone are the virtually
limitless supplies of money and manpower. Army management must work
within the constraint of limited supplies, under close fiscal scrutiny,
and in an environment which changes with relative frequency. Further,
political considerations make manpower procurement a most delicate area.
Consequently it is imperative that a means be devised for evaluating
Army manpower reqyirements as accurately as possible; guantitatively,
qualitatively, and’timewise. The scope of this military management
problem is enormous when one considers that Army manpower strength is
approximately one and one-half million with an annual turnover of almost
one-third that strength.

The initial requirement for efficient management is to determine
within the framework of current plans and policies what the future demand
for personnel will be and what future supply may be expected. If it
appears that a shortage will develop, plans can be made to increase the
supply or decrease the demand.

Army manpower requirements are generated by determining the number
and types of military units needed to accomplish the Army's mission. The
units then are translated into manpower requirements by branch/grade MOS
for Officers; MOS for enlisted men; time; and, location. To compare these
requirements to the expected future supply, present assets are projected
to determine how many assets will be retained and the time period of this
retention. Gains are projected by considering the possible output from
the Army's training establishment, and the resulting projected assets are
distributed by means of a simulation model to locations world-wide.
Simultaneously, necessary draft calls are determined. The results are
then analyzed to determine whether manpower requirements are filled to
an acceptable level to permit the Army to accomplish its mission. This
analysis is not only quantitative but qualitative as well; the level of
training and experience of the force is taken into account. If the analy-
sis uncovers future problems, plans and policies can be changed to solve
them. For instance, training schedules or the size of the training
establishment can be modified, as well as draft calls and distribution
policies.’




The type of analysis outlined is performed periodically by the
US Army. When a contingency situation forces a change in the Army's
mission a new plan must be devised and analyzed, even though the change
may deal with only a segment of the total Army force. Naturally, quick
response is desirable especially if problems discovered in analysis are
to influence alternative plans. The Personnel Inventory Analysis System
(P.I1.A.) was designed for the purpose of providing this analysis quickly,
accurately, and to a level of detail formerly impossible. The Personnel
Inventory Analysis System was initiated at the Research Analysis Corpor-
ation (RAC) in July 1967, as a part of an ongoing effort sponsored by the
Office of Personnel Operations (OPO), Department of the Army. Specifically,
P.I.A. evolved from the RAC study conducted for the "Development of
Techniques for Personnel Inventory Analysis." This study was initiated
in September 1965, and ds intended as a segment of the overall Army Person-
nel Management Informetion System.

Work performed on the P.I.A. System by the Economics and Costing
Department of RAC resulted in the methodology reported in this document.
The methodology has been employed in special applications for the current
prime user, the Capabilities and Analysis Division, Office of the Deputy
Chief of Staff for Personnel, Department of Army, with demonstrated success.

The P.I.A. System provides Army planners with a means of analyzing
the manpower implications of proposed Army plans and will serve as a
central part of the proposed Army Personnel Management Information System.
A unique and versatile tool for Army manpover management, the system is
of particular use in the solving of problems peculiar to the management
and control of a large personnel force. While a multiplicity of appli-
cations are envisioned for P.I.A. only one application of the RAC developed
methodology is reported in detail here. The application is concerned with
personnel requirements for a proposed military force structure.

Under current Army planning procedures a mission is decided and a
force structure for the mission is generated. The force structure lists
the Army units, with implicit materiel and personnel requirements neces-
sary for mission accomplishment. Army manpower managers must determine
if the personnel requirements of a proposed force structure can, in fact,
be met with present programmed assets. If it is found that requirements
cannot be filled to a satisfactory level, alternative manpower plans and
policies must be devised that offer solutions to the problems.

How the P.I.A. System aids in the procedures designed to ascertain
and ensure an adequate personnel inventory is shown in Fig 1. First, the
stated Army mission implies the number and location of required units and
specifies the time frame for unit deployment. This information is combined
to form materiel and manpower requirements dimensioned by time and place.
The sutomated P.I.A. System then accepts and uses this information in con-
Junction with a data base of current Army records, rates, and policies.
Four reports (data outpute) are produced, i.e., the projected assets report;
the projected unit deployment report; the unit capability to meet goals
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report; and, the alternative plan generation and evaluation report. In
this manner the manpower manager quickly receives detailled information for
an entire Army or any segment thereof. In Army management this entire
procedure is called a "Capability and Analysis Study."

In a capability and analysis study personnel requirements of the force
structure are analyzed in light of the projected personnel status and
policies. Reenlistment rules, promotion rules, draft calls, and other
relevant factors affecting the future force are considered. With the
advent of P.I.A., capability and analysis studies have undergone significant
improvement. The procedure is accomplished with greater speed, and depth
of detail, accuracy, and scope than was heretofore possible. 7Past analyses,
based on manually generated data, were time consuming in the extreme. These
analyses were inaccurate and lacking in detail owing to the huge volume of
complex data. Further, the two-month minimum "turn around" time allocated
for the analyses function precluded any look at alternative plans. Feed-
back from plan evaluation to plan regeneration was prevented.

OBJECTIVES

The primary objective of the P.I.A. System was the development of a
methodology for incorporation in a comprehensive, automated system to
permit rapid analysis of force structure plans from both the qualitative
and quantitative personnel aspects. The results desired of this and other
study objectives is a computer analysis system having the capabllity of
considering planning changes and the capability of projecting the degree
of plan modifications that require a reaction by personnel.

Manpower computer models were to be developed and the data base neces-
sary to compute and evaluate rates essential to manpower/personnel projections
were to be established.

The study objJectives were scheduled for accomplishment within the time
frame allocated the four major project phases. 'In Phase I a series of
integrated models were to be developed. These models were to start with
the personnel inventory existing at a known point in time and project the
status of that inventory for a two-year period. The asset projection,
considering all sources of loss and gains, was to stratify personnel by
branch/grade and/or MOS as appropriate and display the inventory status
each month over the projection period.

In Phase II the distribution models were to be developed with the
capablility of using the output from Phase I as input. 1In addition the
distribution system is to be capable of employing force structure personnel
requirements as input, and allocating the personnel inventory to the various
commands/groupings of the requirements in accordance with a prescribed
schedule of priorities. 1In Phase II sufficient flexibility is required to
permit distribution of personnel assets to the requirements of any force
structure, assuming the force structure is adequately specific by branch/
grade and MOS totals. i
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The results of Phases I and II are to be used for staff analysis
as needed.

In Phase III a computer system is to be developed that will aid the
analyst in flagging deficits and overages in various skill categories.
Also the computer system is to be able to make suitable substitutions
according to programmed routines and display alternative solutions to the
problem areas both in quantities and in time.

In Phase IV the concept is to be able to employ the system derived
in Phases I through III as a simulation model to derive quantifiable
predictions of the personnel impacts of various policy decisions. Such
policies as expansion of thé training base, new additions to force
structures, and changing Army end strengths are to be evaluated in part
according to the effect of these factors on the personnel system. In
addition, the P.I.A. System i1s to be integrated with other developing
computer models as needed.

THE SYSTEM

The P.I.A. System utilizes a series of computerized models. A great
part of the input data are drawn directly from current Army records,
recorded on electronic processing media, and can be "fed" directly to the
P.I.A. System. Some data such as personnel reenlistment and retirement
rates, are not presently stored in the Army's data banks. In such cases
data are acquired from various Army Agencies. The data then are keypunched
and fed to the System. Specifications for automating the development of
these data have been written. It is hoped that eventually all necessary
data will be available in Army personnel data banks.

Policies affecting personnel are a variable input to the P.I.A. System
and are controlled by the user. Printed forms for use in recording personnel
policies are available to the user. System coantrol cards may be punched
directly from these forms. Some of the policies subject to variation are:
training MOS priority; the training capacity of the MOS; officer retirement
policies; enlisted personnel career flow; command priorities for personnel
f111 (worldwide); and, the minimum acceptable levels of fill. The list
of variable policies 1s rather long but not all policles required as input
need be changed for each operation of the system.

For use as a capability and analysis tool, as degcribed above, the
P.I.A. System will be run periodically, perhaps quarterly, for the entire
Army. The System may be run occasionally for contingency plan revisions
that affect only a part of the Army, as for instance any change in one or
several MOS categories. _ ’ . :

The P.I.A. System is modular to accommodate uses other than capability
and analysis studies. The need for a personnel for~~ projecti n or distri-
bution simulation can be satisfied by zimply runrinz the anpropriate mo lule

of the P.I.A. System. Modules c¢an be ~lesaijicd ss peraoun Luvent vy
projections, simulated projected Alstrihubtir " personnel, analysis and
evaluation of preciectjons and dirtributious, and an ¢ renarat i ’4
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alternatives (solutions to problems uncovered). The projection and distri-
bution modules are described in detail in this paper. These modules have
been completed and are now being used by the Army. Users, other than the
Capability and Analysis Division of DCSPER, include the Enlisted Personnel
Directorate of OPO for projected training requirements; the Director of
Installations, Deputy Chief of Staff for Logistics, for the Stationing
Capability System; the Army Behavioral Science Research Laboratory for the
Simulation Model of Personnel Operations (SIMPO); the Officer Personnel
Directorate of OPO for the Computer Assisted Assignment of Personnel (CAAP II);
and the US Army Management System Support Agency for the Contingency Readi-
ness System (CONREDS). In the last three cases, modules of P.I.A. have
actually been incorporated in the systems.

The analysis and alternative plan modules are in various stages of
development and are described only as plans. When the entire System is
operational the manpower manager will be able to identify problems and
propose alternative plans as solutions in a matter of several days for the
entire Army. When only segments of the Army are under consideration, results
will be possible in hours or minutes depending on the size of the segment
and the complexity of the situation.

There are plans for two major revisions to the now operational portions
of the P.I.,A. System.

1. The consideration of "deployability" policy constraints in personnel
distribution (1.e., not everyone is available to be sent on any tour of duty)
and,

2. the inclusion of Warrant Officer personnel data.

Both modifications will enhance the System but will not change those portions
now in existence.

Although the P.I.A. System was designed specifically to perform the
capability and analysis function, the System has found use in other areas.
As more Army Agencies become aware of the System and its capabilities, calls
for System application increase with a frequency proportionate to potential
user knowledge and awareness of the System.

Certain other systems that interact with the P.I.A. System are shown
in Fig 2. The form of interaction also is depicted.

Four comprehensive reports are produced by the P.I.A. System. Esach
report furnishes data essential to the manpower management function.

The following reports are produced:

1. An asset projection, providing the manéger with & representat!
of the manpower inventory under the new plan. .

2. A projected asset distrilbuticn, providing t manager with figures
that state the numbers of men that wil avalleble to Cor receiving
activated units. :




Contributing Systems

PERSONNEL INVENTORY ANALYSIS SYSTEM

Receiving Systems

Trend Evaluator System —e— Historical
Rates

Programming Quota
System

MOC Data Bank

Projected

Gross Projected
Training Requirements

t—e Stationing Capability System

Officer Inventory Projection
and Distribution Modules

-;—-Computer Assisted Assignment

of Personnel II (CAAP II)

Short Term Army Training
Schedules

Manpower Inventory
Projection and Distribution
Modules

+—= Contingency Readiness System

(CONREDS)

MOS Task Descriptions

t—= Cost Factors System (COFACTS)

Projected Training Require-
ments
Modified by Accessions

—= Army "WHITE BOOK" for
Army School Schedules

Fig. 2—Personnel System Interacting with

P-I.Ab
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. An analysis of the data (of items 1 and 2 above ).~ Thi

lysis identifies problem areas and ranks the areas in order of
X o ‘.yO
b, An evaluation of the capability of meeting the goals of the
lai nd possible alternatives that could be used as a means of

al achlievement.

The four data output reports are analyzed by Army Staff Members
he policy making level where decisions are made and alternative
jevised.
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DATA DEVELOPMENT

The P.I.A. System data development phase consists of a series of
computer models now complete and operational.

In this phase, data necessary for subsequent phases is developed.
Two reports are produced. One report presents the asset projections;
the second furnishes the projected asset distribution.

The Enlisted Force Inventory Projection (an asset projection)

A report of the enlisted-force inventory projection for military
occupational specialty (MOS) 17B2, Field Artillery Radar Crewman is an
actual example of an output of this projection model. Figure 3 is an
excerpt of the report. This Enlisted Force Inventory Projection is for
two years, by month, covering the period from 1 July 1967 to 30 June 1969.
The actual monthly figures and yearly totals are shown beneath the graph
of this report. The values on the y-axis range from the minimum to the maximum

values of the numbers graphed.

At the beginning of the period 17B2 is over-manned by 15 percent and
2 months later by 1l percent. However, because of the activation of new
units in December 1967 the authorization suddenly climbs. Since the down-
ward trend in inventory continues, the rate of availability drops to 85
percent. This rate figure appears in the report only if the difference
between inventory and authorization is at least 10 percent.

The second page of this report (see Fig 4) describes the most important
projected gains and losses affecting the inventory of the MOS.

The projection algorithm producinz this report is essentially determ-
inistic. The probability of a man's remaining in the service for the
duration of the proJection period is calculated based’ on historical rates
that vary by a b-character MOS, the Army component, and the individual's
length of service. Every enlisted man's active Army record is reviewed.
On the month during which an ETS or retirement is due the inventory is
decremented by the probability of an enlisted man leaving the Army.

Future casualty losses by MOS are calculated by a combination of
historical data and total-Army-casualty predictions. The historical data
is used to determine what percent of the projected total Army casualties
will fall to each b-character MOS. Only casualties which are a total loss
to the Army, i.e., those killed in action (KIA) and 4O percent of seriously
wounded, are considered. A normal monthly attrition 1oss is subtracted
which is measured as a percent of the average monthly inventcry. This’

rate is either based on historical data thst ©¢an vary by M35 or is one-half
percent.

The monthly lnveutiiry is incrensed or decreased by & percent of inventory
known as a se~pige Tactor. nrepare factoy 18 a term used to designate the
uncontrollaehle and patternlens Tlew aof peratnnel from the less favored to
the nic popular M3 categorle:s
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The factors responsible for the transfer of an enlisted man from I

one MOS to another are numerous. Such transfers occur at random and

without clear cut explanation, be the transfer one requested by the

soldier; one accomplished for the convenience of the Service; or, one
resulting from a curious concurrence of circumstances. The facts of

life are that certain MOS categories attract personnel while other categories
in effect lose enlisted men. The amount of gain and loss to an MOS can

be predicted based on historical findings, but the flow between any two

MOSs varies unpredictably. The net change to the total Army inventory
resulting from seepage should be zero, but the effect on an individual MOS
can be significant.

For selected MOSs a monthly loss to Officer Candidate School (ocs)
is subtracted.

Feeder loss refers to men leaving one MOS and moving to another
according to programmed career patterns. On-the-job training (0JT) or
formal Army school-training, (both scheduled and computer generated)
account for such movement. Computer generated training is governed by
requirements in the receiving MOS, availability within the losing MOS, and
Army career patterns. (Army career patterns are networks of paths connecting
MOSs along which an enlisted man is moved as his career in the Army progresses.)
The system user has the option to control this flow by restricting movement
to or from any MOS, by eliminating this movement entirely, or by specifying
a desired percent of fill other than 100 percent for any MOS.

Scheduled training refers to formal or on-the-job training (OJT)
that 1s scheduled during the early part of the projection period and cannot
be changed. The system begins generating training requirements at a point
when changes to the training schedule are possible. As shown in Figs 3 and
L, although the inventory fell below authorization early in December 1967,
training-output requirements did not begin until February when rescheduling
results were possible. Throughout February and March, training output was
at the maximum monthly training capacity of TO men for MOS 17B2. For the
remainder of the period Just enough training output was generated to keep
the inventory at the level of authorization. Tralning output then generally
coincides with fluctuations in losses. All training referred to in this
report is in numbers of graduates awarded the MOS.

Under yearly totals are values for beginning inventory, which includes
operational assets at the beginning of the period; scheduled and computer
generated training gains (formal or on-the-job training prescribed by the
MOS criteria); Expiration of Term of Service (ETS) losses; casualties;
retirements; feeder losses; the inventory of transients, patients, and students
at the beginning of the period; and, rates. Personnel in a tranmsients,
patients, and students (TPS) status are nonoperational assets and not,
therefore, included in the beginning inventory figure. A TPS rate calculation
is based on the number of men in TPS status on the Enlisted Master Tape
Record (EMIR) at the beginning of the projection period. This rate, modified
by eeasonal fluctuations, is applied as a draw-down on the inventory through-
out the period with the result that the inventory figures reflect operational
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assets only. Authorizations also refer only to operational strength,
making a comparison meaningful. In generating training requirements,

TPS fill is taken into consideration. In other words, to reach an opera-
tional level more men must be trained than are called for in operational
strength requirements.

The second entry under "rates" represents an optional rate of fill
that the user may specify at any value from O to 900 percent. This number
affects computer generated training. The rate is applied to authorized
strength, producing a required strength figure the model attempts to meet
by moving men into the MOS. 1In addition, only strength in excess of this
figure will be fed forward to any other MOS. If rate of fill is not
specified, an attempt will be made to meet authorizations at 100 percent.
However, men will be fed forward from the MOS as long as the inventory does
not fall below the rate of fill of the prior month.

All entry level (apprentice)MOS's are entered from MOS 09B0O (trainees).
A minimum number of men is specified below which 09BO inventory cannot fall.
If O9BO strength is insufficient to feed the necessary training requirements
of the proposed force structure, assets are allocated to the entry level
MOS on a priority basis. There are four priority levels specified on the
Priority of Input into Training (PIT) list. The system user having designated
the highest priority entry level, then can specify minimum rates of fill
for the three lower priorities. If entry level training cannot be met under
specified constraints the user has several options: priority rates or the
minimum required O9BO fill may be changed; a request may be made that the
best training possible under the circumstances be generated; or, the user
may specify the training go forward disregarding draw-down on 09BO. With
the latter two options a report of additional 0O9BO requirements by month
is produced.

For an MOS awarded only through formal training a report is generated
that contains projected formal-training requirements, as shown in Fig 5.
As mentioned earlier, the system calculates the number of formal-training
graduates necessary to bring each MOS up to required strength. These
graduation requirements (by MOS) are simply phased back by the course length
and increased by a factor to account for failures-in-training and other
anticipated, normal attrition, to achieve the school-input requirement.

Figure 5 shows the report for MOS 17B2, which is an entry-level MOS.
The shape of the curve looks very much like that of training output shown
in Fig b. However, the steep increase occurs during the last week of
October 1967 and the first week in November 1967 rather than during February
1968. The cowrse takes nine weeks. Since the projection begins 1 July 1967,
rescheduling of training is possible by 1 November 1967.

A concise description of this module appears in Appendix A.
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The Enlisted Distribution Report

As shown in Table 1, a computer printout from the Enlisted Distribution
Report, projected assets are distributed to commands or segments of commands
called command elements. Ordinarily, the data of an Enlisted Distribution
Report are secret. In this case, fictitious authorization numbers are
used. The MOS being distributed is 17B2. Across the top of the page 12
months, July through June are listed. Down the left-hand column are the
names of command elements over which distribution occurs. There are six
rows of data for each element, giving the authorized and allocated strength
for the first and second years of the projection period. The system is
capable of handling up to 100 command elements.

Command elements are categorized into three priority groups. For
each group, totals and percent of fill (allocated strength divided by
authorized strength) are displayed. The planner specifies the priority of
each element and the desired rate of fill for each priority group. Note:
rates of fill may be specified for a particular element that differs from
the rate of the priority group to which the element belongs. Priority groups
differ not only in rate of fill but in methods of allocation. Group I
command elements that have the highest priority are allocated assets to the
specified percent of authorization (called the desired rate of fill). If
the inventory is too short to support even Group I to specified strength,
then available assets, prorated by authorizations, are allocated to the
elements.

Group ITI allocation varies by rate of availability (RV), a rate
calculated by dividing the remaining inventory by the remaining authorized
strength. The system user specifies desired rates of fill based on the
rate of availability of the MOS. For instance, suppose that the following
four RV ranges are specified:

Availability rate Asset allocation

101 - 900 = 100
90 - 99 = 100
85 - 89 = 90
75 - 80 = 80

If the RV falls within any range on the left of the equal sign the assets .
allocated are the percent of authorized strength appearing on the right.
If the RV does not fall within any RV range, the RV itself is used as the
percent of authorized strength allocated.

In the above example the first range guarantees that the allocation
will never exceed 100 percent. As many as ten such ranges may be specified.
Group III elements are allocated assets based wholly on the RV up to 100
percent. If more assets are available they are allocated to a surplus
category. ‘
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Another feature of the model, called "forced assignment," is best
explained with an example. ¥For this purpose, Table 2 contains an extract
of the report shown in Table 1.

As shown in Table 2 some of the command elements have been deleted
as have all months except August 1967 and February 1968. Authorizations
in the remaining CONUS (Continental Limits of the United States) increase
from August to February. The projection report indicates an insufficient
number of men available in February 1968. Group II elements receive 90
percent of the requirements whereas elements having a Group III priority
rating receive only 73 percent. The user can specify that 17B2 is highly
essential in the command element entitled "Remaining CONUS" in February
1968 and order that all 148 spaces be filled. In response the system
will reallocate assets and change the result (arrows). Now remaining
CONUS has 100 percent, bringing Group III to 93 percent of fill (other
Group III elements are not shown) and cuts Group II down to 64 percent.
This action demonstrates the result of moving personnel from Europe and
other Group II command elements to CONUS. The shortage can be alleviated
somewhat by the user specifying that only 130 spaces be filled in remaining
CONUS instead of all 148.

This report is produced in two other formats, not shown here, with
the information rearranged to emphasize different aspects of the data.
The Enlisted Distribution Model is described in Appendix B.

The Officer Inventory Projection Report

Figure 6 is a sample of the Officer Inventory Projection Report in
which the inventory is described by branch/grade, rather than MOS; however,
the format is the same as that of the Enlisted Report. Figure 6 shows
the projected assets and authorization for Colonels of the Infantry branch.

The officer projection works quite differently from that of the
enlisted man. Several of 10 major attrition rules, depending on the
characteristics of an officer, may apply. A MONTE CARIO procedure, using
probabilities based on these characteristics, 1s applied to each officer
whose record appears in active Army files. On the basis of this random
procedure an officer's record either remains an asset for the year projected
or is removed. The particular month of attrition 1s chosen in a random
manner or 1s predetermined, depending on the type of attrition. The following
attrition rules are considered:

(a) Mandatory, voluntary, and disability retirement
b) Unqualified resignation

e Title 10 retirement

d) Category declination

ée Voluntary relief from active duty

f) Temporary promotion passover separation

(g) Miscellaneous
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Table 2

ENLISTED MEN DISTRIBUTION
BY MOS FOR TWO YEARS BEGINNING JULY 1967

ELEMENT
"RVN 1st Yr Auth
ML
2nd Yr Auth
ML
*** Group Total .
(Percent of Fill) IstYr
(Percent of Fill) 2nd Yr
Europe Ist Yr Auth
M/L
2nd Yr Auth
MIL
*** Group Total |
(Percent of Fill) st Yr.
(Percent of Fill) 2nd Yr -
REM CONUS 1st Yr Auth
ML
2nd Yr Auth
ML
**s Group Total
(Percent of Fill) Ist Yr
(Parcent of Fill) end Yr
Total of All st Yr Auth
Command Elements ML
“-2nd Yr Auth
MIL

MOS - 178

AUG

300
300
300
300

(100)
(100

100
136
100
100

(136)
(100)

- 1%0
150

(100)
(100)

682
750
750

FEB

300 -
300
300
300

(100

. (100

100

90 —»— 64
100
100

( 90) —== (6L)
(100

148
109 —= 148 *
160.
160

( 73)—= (93)
(100)

748
681
760
760
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The following characteristics of an officer are considered in
calculating attrition: '

Branch

Component

Temporary grade

Permanent grade

Temporary rank date

Permanent rank date

Procurement program number

Age

Category expiration date

Service agreement

Active Federal Commissioned Service (AFCS) date
Active Federal Service (AFS) date

Mandatory retirement date

Regular Army (RA) appointment date

Promotion status indicator

Number of Army of the United States (AUS) passovers
last passover date

Projected officer attrition by cause is printed as a separate report
as shown in the second page of the Officer Inventory Projection Report
(Fig 7) all active Army losses are aggregated and called attrition losses.
This example is for Chaplain Captains.

In the model officers are promoted by means of zone promotion and
wvhat is called "automatic"” promotion. The number of promotions is controlled
by the timing of attrition. When a space becomes empty, an officer 1s pro-
moted into it. To a particular branch/grade, promotion is both a gain end
a loss; hence, on this report promotion losses and promotion gains appear.
In the example, promotion gains are very small because in the Chaplain
branch procurement is primarily into the rank of Captain.

For grades being promoted by zone promotion, & zone of promotion
eligibility based on months in grade is calculated by the model. Since
only a percentage of officers eligible for promotion are actually promoted
in resl life, a MONTE CARIO procedure is applied to choose those promoted.
Under "automatic" promotion, promotion tekes place for a percent of all
individuals reaching a number of months in grade as specified by the
syastem user. Either type of promotion may be specified by the user for
any grade.

Unlike the enlisted projection, the model is stochastic. A random
procedure is used because promotions and procurement are tied to a yearly
cycle, as ere many of the attrition rules. The yearly cycle necessitates
the recalculation of promotion zones and attrition factors for the second
year with a beginning inventory containing individual records. Gains and
loss rates cannot be applied, as they are for enlisted men, to category
populations during the first year; it 1s necessary to apply rates to
individuals and decide whether and in what form each will appear at the
beginning of the second year. Hence, the necessity for randomness. Since
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the second year of the projection is simply a repetition of the first-
year algorithm applied to the year-end inventory, the model can be
repeated for any number of inventories.

The Officer Distribution Report

Table 3 shows a page of the Officer Distribution Report. (Again
the numbers are fictitious.) The model has all the features of the
Enlisted Distribution Model plus the ability to do limited grade-substitution.
If a2 command element belonging to priority Group I or II has a shortage of
commissioned officers when aggregated across all grades of one branch,
the distribution model will attempt to alleviate the shortage by filling
spaces with personnel of a lower grade. As shown in Table 3, the Group I
commands received only 94 percent of the requirement for Artillery Captains
and the two Group II commands did not recieve Artillery Captains. The
situation is rectified by over-alloceting Lieutenants, to rates of fill
of 104 percent and 162 percent. Thus, the commands are brought to an
overall rate of fill of 100 percent and 86 percent, respectively, (the
desired priority group rates of fill specified for the run). :

The shortege is rectified for a Group II element only if the rate of
availability of the lowest grade in the branch doesn't fall below a
specified minimum. In the above example, if the rate of availability of
Lieutenants had fallen below the Group III minimum ( here specified at
50 percent) only Lieutenants in excess of this rate would have been assigned
to Group II, thereby alleviating but not eliminating the shortage.

If a Group II command element is allocated a level of fill well over
the desired rate, the allocations are drawn down for those grades contribut-
ing most to the overage. This routine is followed until the overall
allocation to the element is equal to the specified rate of fill. This
does not mean that instances may occur where the resulting rate-of-fill
in Group II is lower than that for Group III elements. The specified rate
of fi1l is modified when and if the rate of availability 1s greater. For
instance, assume the overall rate of fill specified for Group II is 85
percent and the rate of avallability across all grades is 95 percent.
Under this condition if Group II were cut back to 85 percent in allocation,
Group III would receive over 95 percent of its requirements. In this
instance the model will consider 95 percent as the desired rate of fill
for Group II elements.

Appendix D contains a further description of this model.

CAPABILITY ANALYSIS AND ALTERNATIVE PLAN DEVELOPMENT

The second successive step in the P,I.A. System, although not fully
complete, now permits limited performance of capeability analysis. Work
is continuing at RAC on this aspect of the study. Study on the third

step, alternative plan development and analysis also is being conducted at
RAC.
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Table 3

Test Data: Officer Distribution by Command Element
(August 1967; Branch, Artillery)
Lieutenant ' I
. Colonel Colonel Major | Captain Lieutenant Total Percent
Element Auth- |Manning|Auth- IMenning|[Auth- |Manning!Auth- |[Manning|[Auth- |Manning|Auth- |Manning
orized| level jorized| level |orized| level orized| level |orized| level |orized| level | Percent

e e 300 300 700 700 1000 1000 1700 1504 3000 3106 6700 6700 100
Scutheast Asia

less RVN 300 300 600 €00 800 800 1500 1406 2000 2094 5200 5200 100

Group total 600 600 1300 1300 1800 1800 3200 3000 5000 5200 11900 11900

Percent £111 (100) (100) (100) ( o) (10k) (100)
Europe 100 129 Loo hoo 500 4o 1200 0 1500 2236 3700 3165 86
Training base 100 129 400 Loo 500 Loo 1200 0 1000 1808 3200 2737 86

Croup total 200 258 800 800 1000 . 800 2400 -0 2500 hokh 6900 5902

Percent f1ll (129) (100) ( 80) ( o) (162) ( 86)
Strategic Army

Forces 1 100 100 250 200 500 333 600 0 1200 1200 2650 1833 69
agg‘ﬁégmg 50 50 250 200 4o 267 300 0 1200 1200 2200 177 8

Croup total 150 150 500 Loo 900 600 900 -0 2400 2400 4850 3550

Percent £111 (100) (80) (67) ( 0) (100) (73)
Other 0 0 0 0 0 0 0 0 0 0 0 0 0
Surplus 0 b2 0 0 0 0 0 0 0 556 0 598 0
All elements 950 1050 2600 2500 3700 3200 6500 3000 9900 12200 23650 21950

(total)




The capability analysis report consists of two parts. The first
identifies problem areas such as gquantitative or qualitative shortages,
and ranks these problem areas in order of criticality. The second part
presents a dlagnosis of the problem with possible problem causes. Part
one, a "flagging and ranking" procedure, is operational. 'The validity
and effectiveness of the procedure are now undergoing "dry run" exercises.
Part two 18 in an early design stage. The Alternative Plan Development
phase also is in the early stages of design.

When complete the Capabllity Analysis and Alternative Plan Develop-
ment phases will address the task of reviewing a spectrum of problems
(and would-be problems) and assist in defining, and reducing them to a
manageable few. The System will offer great assistance in finding the
appropriate answer(s) to the problem(s) that have been established.
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Appendix A

ENLISTED INVENTORY PROJECTION MODEL

INTRODUCTION

In this appendix and those which follow, the major models appearing
in this paper are presented in mathematical notation. For ease of pre-
sentation, each model has been subdivided into logical submodels. Each
submodel is represented by one or more formulas followed by an explanation
of symbols. Multiplication is always represented by a dot e while the
absence of an operator between a symbol and another symbol in parentheses
denotes a function (i.e., PR(m) expresses "projected retainables" as a
function of the month, mj. A symbol may consist of more than one alphabetic
character. In that case the symbol is an acronym of the defining phrase
such as SG denoting scheduled gains.

Projected Retainables for a Four Position MOS

PR(m) = [x - (M)i—x . NA) ][ l-TPS(m)]

2
where x = [PR(m-1) + SG(m) - PL(m)] « (1+Sp)

when m=1, PR(m-1) Beginning inventory

Month of projection (1 < m s 2k4)

m =

PR - = Projected retainables

SG = Scheduled gains

PL = Projected losses

Sp = Seepage factor for MOS (-1 < Sp < 1)

NA = Normal attrition factor for MOS. (0 <MA<1)
(If not available for MOS, NA = 0.005)

TPS = Transient, patient, student rate for MOS
and month

TPS rate = Seasonal weighting factor e

TPS inventory on EMTR for MOS (0 < TPS(m) <1)
Inventory of MOS on EMTR

Scheduled Gains for an MOS

SG(m) = ST0(m) + CA(m)

where STO(m) = 121 SIn(D+L) e (1-s4)

and ‘D+L = m




Month of projection

Scheduled gains

Scheduled training output

Scheduled class input

Number of class beginning month m for
this MOS

Reporting date of class

Length of course

School attrition factor for this MOS
Direct civilian accession to MOS

ggre =pags

naunaun

Projected Losses for an MOS

Pl(m) = ET(m) + SFL(m) + CL(m) + RT(m) + OC(m)

where ET(m) = 1§1 (PrE(ms,c) e PR(m-1,C))

31+
RT(m) = 5 (Prp(M0S,y) « PR(m-1,y))
r=19

SFL(m) = 1%0 ST0, (m,MOSF) where n = number M0Ss fed
by this MOS.
CL(m) = Loss Factor (MOS) e Projected Total Army Losses

for month m.

Historical Losses for MOS
Total Historical Losses

where Loss Factor (MOS) =

m = Month of projection

PL = Projected losses

ET = Projected ETS loss

SFL = Scheduled training feeder loss

CL = ProJected casualty loss

RT = Projected retirement loss

oC = Projected loss to MOS for Officer Candidate
School

FrE = Probability of separation due to ETS, by MOS
and component

(o} = Component; AUS, RA first term, RA career

PR = Projected retainables by month and component
or years of service

PTR = Probability of retirement by MOS and years of
service or total Army and years of service

Y = Years of service

STO = Scheduled training output by month and MOS

MOSF = An MOS fed by the MOS under consideration.
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Projected Inventory for an MOS

I(m) = PR(m) + PT(m) - PFL(m)
PP(m) = [AT(m) ¢ (1+4TPS(m)) e RF - PR(m) ¢ (1 + TPS(m)) + PFL(m)]
PFL(m) = 2 PT(m) The training output requirements for n MOSs

drawing assets from the MOS under counsideration.
If n = 0, then PFL(m) = O.
PP(m) < CS(MOS) < AV(m)

AT(m) ¢ RF - [PR(m) + PP(m)] (1)

Fhl = [p2(a) - K%%:—}] [PR(m)+PI'(m)] (2)

Av(m) = (2) only if RF is not specified for the MOS under
consideration and (2) > (1).

If the feeding MOS feeds more than one MOS, the available assets
are distributed prorated according to requirements of the receiving MOS.

For entry level MOSs only (fed by O9BO) the availability formula
(AVE) becomes :

AVE(m) = AV(m) ¢ Trainee factor

where 0 < Trainee factor < 1 and 1s calculated based on the
availabllity of trainees and the priority of the MOS under

consideration.

m = Month of the projection

I = Projected inventory

PR = Projected retainables

PT = Projected training output requirements

PFL = Projected feeder loss due to projected output require-
ments

Ccs = Maximum monthly class size for MOS if school trained

AV = Number of men available for retraining in feeding MOS.
All terms in the formula for AV refer to the feeding
MOS. .

AT = Authorized strength for MOS

RF = Rate of fill for MOS specified by user.
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Appendix B
ENLISTED DISTRIBUTION MODEL

This model distributes projected assets to authorized strength at a
level called command element (CE). A CE is normally defined by command
arca and assignment codes. Up to one hundred CEs can be handled by the
model. The distribution method categorizes CEs into three priority groups.
Following are distribution methods of each group. (See Introduction of App A.)

By MOS and Month

Group I
§,(CE) = AT(CE) o RF(CE) » o
it _JRVIfRV<1
SIS E & 1if RV 21
N
RV = INV(MOS){ZIAT(CEi) » RF(CE)
Group II
5,(CE) = AT(CE) « 8
X, ifx<RV<sy=X; x, ¥y, X specified by user
where B =
RV
Ny
INV (M -z
(MoS) Z, 81(CE)
and RV =
 aT(cs,) - & AT(cE,)
AT(CE,) - T AT(CE
i=1 1 1=1 ( i
Group TIT
53(03) = AT(CE) RV
(Mos) e (§(cE,) )
INV(MOS) - | T p) CE,) + 5.(CE,))
where RV = 7 i=1 J=1 q i 2 )
N3
L AT(CE
1=1 i)
3 N
Surplus = INV(MOS) - © &£ AT,(CE,) RF(CE,)
. J=14=12 J 1 1

i1f and only if >0.




Forced assignment prior to all groups:

bp

Specified or forced assignment

Inventory and authorizations are decremented accordingly

6y

AT

RF

CE

Assets allocated to command element CE which belongs to
group 1 (i=1,2,3)

Authorized strength for CE

Desired rate of fill for CE

Group I availability factor

Rate of availability

Projected inventory for month for MOS

Group II availability factor

Number of command elements in group 1 (1=1,2,3)
Total number of CEs

Command element
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Appendix D

OFFICER DISTRIBUTION MODEL

The distribution of projected manpower inventory to command elements
(see Appendix B) is calculated for each branch/grade individually. The
distribution algorithm to branch/grade is the same as that applied to
MOS in the enlisted distribution model. - However, this model differs
in that it considers the distribution to & CE for a branch aggregated
across all grades. If the total branch distribution for a group I or II
command element 1s below the specified rate of fill, limited substitution
takes place. If a group II element branch distribution is over the
recommended rate of fill selected, grade distributions are decreased.

Following is a description of the model in mathematical terminology,
each priority group described individually.

For an explanation of "forced assignment" which is an option in
this model, see Appendix B.

The distribution depicted is for one branch, b.

Group I
5,(CE,g) = AT(CE,g) * RF,(CE) » «
- RVl if RVl <1l
where @ =
1 if RV. =2 1
1
_ INV(b,g)
RVl = N
z’ AT(CE, ,b,g) * RF,(CE)
L=]
Note: -* :-'. = w4 Apperiix A.
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i ) (CE,gi) - ZAT(CE,gi * RF, (CE) =K <0

i=1
then & (CE,LT) = 6 (CE,LT) + | K |
Group II
6,(CE,g) = AT(CE,g) * B
Kt x = RV2 Sy =X wvhere x, ¥, X are specified by user
where B =
RV,
N
INV(b,8) - > 6,(CE;,e)
- i=1
W = N N1
> AT(CE,8) -7 AT(CEe)
1=1 1=1
If 5,(CE g,) - AT(CE,g,) * p =K <0
oV B i
1=1 1=1
RFQ(CE) if RFE(CE) 2 RV
where p =
RV, if RFQ(CE) < RV
then §,(CE,LT) = &,(CE,LT) + | x|
mv(b,g) - Z 6, (CE,,LT) + Z 6,(CE,LT)| - | K |
only if Rv3('L'r) - k|- J=1 =1 2RF

N 3
i AT(CE,LT) , .

i=1




However, if
RV,(LT) - |x| < FF,

but RV3(LT) > RF

3
N3
then 6,(CE,LT) = 6,(CE LT) + ZAT(CEi,LT) . (RV3(LT) - RF3)
1=1

If K>0
then beginning at the lowest grade where

52(03,8) >0, &, is reduced such that §, 2 AT * p until K = O.

Group III

53(CE)8) = AT(CE)G) S RV3

N N
1 2
i i=1

where RV3(CE,g)
AT(CE, ,8 )

M"z -

=1
n

INV(b,g) - Zl AT(CEi,g) . RF(CEi) if >0
= 1

Let ©(CE,g)
01if <0
*
Surplus (CE,g) = >~ O(CEy,e)
1=1




CE = Command element

b = Branch
g = QGrade
8, = Distribution to CE in group 1 (i =1,2,3)

AT = Authorized s