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It was my privilege as Commander, US Army Concepts Analysis Agency, to
sponsor the Thirteenth Annual US Army Operations Research Symposium at
Fort Lee, Virginia from 29 October to 1 November 1974.

The response from the ORSA and user communities was vigorous. The en-
thusiasm of the over 300 attendees (a record for this event), the high
quality of the presentations, and the recognized importance of the
program content combined to guarantee success. Attendee comments were
almost unanimously favorable.

Many contributed to the success of the symposium. Special recognition
and appreciation are due the US Army Logistics Center and the US Army
Quartermaster Center and Fort Lee for their contributions as the co-
hosts, as well as to the US Army Logistics Management Center for the
use of its facilities.

I congratulate Mr. John T. Newman, the Technical Director of USACAA,

for his major role as the overall symposium Chairman, our guest speakers,

the working group chairmen, and the many contributors whose papers are

contained in these two volumes of the symposium proceedings. We are in-

debted to them for their outstanding efforts.

~he T S

HAL E. HALLGREN
Major General, USA
Commanding




ACKNOWLEDGMENTS

Keynote Speaker GEN Henry A. Miley, Jr.
Commander, US Army Materiel Command

Banquet Speaker Mr. Paul D. Phillips
Principal Deputy Assistant Secretary
of the Army (Manpower and Reserve
Affairs)

Theme Speakers Dr. Hugh M. Cole
Consultant

Mr. Abraham Golub

Technical Advisor

to the Deputy Chief of Staff for
Operations and Plans

Working Group Chairmen

A Army Force Structure Process Mr. William A. Bayse
Director, Methodology and Resources
Directorate
US Army Concepts Analysis Agency

B Materiel Acquisition Process Mr. Richard J. Trainor
Director, Systems Review and
Analysis Office
Office of the Chief Research
Development and Acquisition

C Logistics Matters BG Richard H. Thompson
Director of Logistics, Plans,
Operations and Systems
Office of the Deputy Chief of
Staff for Logistics

D Weapons Effectiveness Analysis Mr. Keith Myers
Assistant Director for Integrated

Studies
US Army Materiel Systems Analysis
Activity
E Operations, Plans, Doctrine Dr. Marion Bryson
and Concepts Scientific Advisor

US Army Combat Developments
Experimentation Command

F Methods of Assessing the Value Mr. Edgar B. Vandiver, III
of ORSA Research Analyst
Office of the Deputy Under Secretary
of the Army (Operations Research)

ii




G Special Activity COL Louis F. Dixon
Director, ADP/MIS
US Army War College

Local Arrangements:

US Army Logistics Center

Mr. Ellwood C. Hurford

Mr. Robert A. Cameron, Jr.

MAJ Willard R. Bright

CPT William B. Woodring

Mr. J. Dwight Fuller

Mrs. Eleanor M. Blick

Staff of Operations Analysis Directorate

US Army Quartermaster Center and Fort Lee

LTC Michael J. Redmond

CPT Hayden E. Boland

Mr. John S. Williamson, Jr.
Mr. Richard Balash

Mr. Roland P. Jones

US Army Logistics Management Center

Mr. Leon C. Luther
Mr. Charles H. Sims

Secretarial Support:

US Army Concepts Analysis Agency

Mrs. Diane B. Ross
Mrs. Elizabeth S. Handford
Mrs. Hilda H. Newcomb




TABLE OF CONTENTS

VOLUME 1

FloremwonditECE TR ULl e R
Acknowledgments . . . . . . . . .

Theme Papers

"The Impact of ORSA on the US Army - Historical Overview"
Dr. Hugh M, Cole

"Present and Future ORSA Trends - A Forecast for the US Army"
Mr., Abraham Golub

Banquet Address

"ORSA Help in Managing the all Volunteer Army"' . « . . «. . . + . .
Mr. Paul D, Phillips

Papers Presented in General Sessions of the Symposium

e

'""Conceptual Design for the Army in the Field (CONAF)" ., ., .
COL J. R, Witherell

"The Medical Planning Project"
Mr, Joseph G, Stenger
CAPT James H, McEliece

"The Survivability of Personnel and Materiel in a
Combat Environment'' .,
Mr, Keith A, Myers

e e e e o & 8 e & 6 ° e o e e s o e & & e s .

""Operations Research in the Warsaw Pact Armed Forces'" . . . . .
Mr., John R, Aker
Mr, John W. Anderson

iv

ii

15

26

33

43

55

68




""An Overview of Land Battle Modeling inthe US" , , . . . . . . . . 73
Dr. Seth Bonder

Papers Presented to the Working Group on Army Force Structure Process

"Constrained Force Development . . . . . . . s ¢ o v o o o s o o & 89
MAJ Charles B, Fegan

""General Purpose Force Potentials' . . . . . . . . ¢ ¢ 0o o ¢ o 98
Dr. William J, Schultis
Dr. F. G. Parsons

"The Heavy Lift Helicopter Cost and Operational
Effectiveness Analysis' ., . . . . s ¢« ¢ ¢ ¢ ¢ 0 o 0 0 e 00 0o . . . 109

MAJ Daniel M. Eggleston, Jr,

"Study of Standard Army Management Language (SAML)" . . .. .. 118
Mr, Edward W, McGregor

"A Very High Level Language (VHLL) Generator for

Application to Army Planning Problems" . . . .. ... .. ... . 133
Mr, W, Ivan Keller
"Wartime Active Replacement Factor (WARF) System Design" . . . 146
LTC John M. Daugherty
""Costing the Conceptual Army in the Field" . . . .. .. ... ... 154

Mr. Leonard S. Freeman

"Air Defense Requirements for the United States Army'", . ... .. 164
Mr, Clifton P, Semmens

'""Cost Effectiveness Analysis of Enlistment/Reenlistment Bonuses' 174
LTC David A, Harpman
MAJ Calvin M, Anderson
MAJ George W. Handy

"The IDA TACNUC Model Study' . .
Mr. Edward P, Kerlin

5 00 000000GC0G0aoO 00 . 182

""Methodology for Total Force Planning (METOFOR)"' , ., ... ... 194

Mr, Lee G. Wentling, Jr.




Papers Presented to the Working Group on Materiel Acquisition Process

""Near Optimality in Capital Budgeting" . ... .. ... ... ... 205
MAJ Walter'L, Perry

"A Life Cycle Cost Model for Procurement" . .., ... ... ... 228
Mr, Lyman Sessen
COL Dean B, Dickinson

"Use of Quaternary S-Curves to Predict Production Costs'" , , . ., 234
Mr, George V, Johnson

"Deadline Cost Model Study' . « « + « ¢ ¢ « o ¢ ¢ ¢ ¢ o s o o o o o . 241
Mr. Richard D, Husson
Mr, Gerald L., Moeller

""Remotely Monitored Battlefield Sensor System (REMBASS)

Definition Effort" . . .. . . . .. .. v e v v v s .. 252
Mr, J. Douglas Sizelove
Mr, Lawrence W, Dennis

""Camouflage R&D - A Challenge to Operations Research" ., . .. . 263
Mr, R. H. Adams
Mr..F, P. Paca
Mr, A, T. Sylvester

"A Combat Rates Logistics Analysis'" , . . .. . . ... .. ..
Mr, James C, Richards

.. 274

"Qualitative Risk Assessment Planning" ., .. .. .
Mr., William D, West
Mr, John S, Bezner
Mr, Wayne A, Wesson

""Sample Size for Durability Tests" . . . . . . . . .. . . .. 295
Mr, Abraham S, Pollack

"Project Bullets - A System Analysis" , , ., ., ., ..
COL Richard I. Wiles
LTC William H, Reno
MAJ Charles W, Jarvis

vi




Papers Presented to the Working Group on Logistics Matters

""Scenario Oriented Recurring Evaluations 'SCORES"' | , , , ., , ., 324
Mr. Ellwood C, Hurford

"The Utilization of a Simulation Tool in Logistics
Planning and Evaluation' . . . . . . . ¢ ¢ ¢ v ¢ o o e v o e o.. 332
Mr. O. W. Roush

"Air Movement Planning System (AMPS)" , . . . .. ... ..... 344
Mr, W, E. King
Mr, R. S. Saunders

"A Methodology for Developing Alternative Consolidation and

Containerization Point Loading Policies" . .. .. ... .. .. . 354
Mr. John A. Scanga

"Facilities Capacity Factor Study" ... ... ........... 370
Mr. James C, Richards

"Defense Satellite Communications System Earth Terminal

Availability Versus Logistics Support Cost Modeling" . . . . . . . 381
Dr. Kingsley E, Forry
Dr. J. Lazaruk
Mr. L. Auchard

""Stock Availability Study' . . . . ¢« . . ¢ .. . . . 66 a5 aaa o 397
Mr. James M. Hodges
Mr, R, J. Caccamise

"Fort Leavenworth Installation Budget Model" , . ... ... .. . 403
LTC James P, McCloy
LTC David R. Mazo

""Automated Supply Workload/Funding System" .. ... ... ... 425
Mr. Billy G. Murphy

""A System for the Quantitative Evaluation of Menu Preferences'" . 435

Mr. John E. Rogozenski
Dr. Howard R. Moskowitz

vii




""A Study of Replacement Policies for Vehicles Based on
Repair Cost Limit" ., . . . ¢ 4 ¢ v 4 v v v v o o o o o oo oo 446
Mr. S. G. Amland
Mr. P, F. Mouland

"Use of Computerized Support Modeling in Logistic Support Analysis' 461

Mr. William M. Colon
Mr. Vincent G, Calfapietra

viii




TABLE OF CONTENTS

VOLUME II

Papers Presented to the Working Group on Weapons Effectiveness Analysis

"The Tank Exchange Model"
Mr, James W, Graves

""An Analysis of Factors Affecting A Tank Commander's

Firing Decision Process" , . .. .. . ...
Dr, Samuel H, Parry

"The Interface Between DYNTACS-X and Bonder-IUA" ., . . . .,

Mr, Steven P. Bostwick
Mr. Francis X. Brandi
Mr. C, Alan Burnham

Dr. James J. Hurt

"Weapons Effectiveness and Suppressive Fire" . , . . . ... ..

Mr, George M. Gividen

"Comparison of the Effectiveness of Scout Vehicles on
Reconnaissance Missions in Terms of Visibility and Mobility" .

Dr. Victor E, LaGarde

""Preliminary Operational Analysis of Fire-on-the-Move

Capabilities for Tank Main Gun" . . . . ..
Mr, C., Alan Burnham
Mr, Francis X. Brandi

""Significant Difference Technique' . . . . . .
Mr. Robert P, Lewis, Jr.

» & & e o e ¢ e s o o

""A Method for Determining the Survivability of Surface-to-Air
Missile (SAM) Systems During an Attack by Aircraft Carrying

Conventional Ordnance' e e P e o ¢ 5B
Mr. Ronald A. Halahan

"Measures of Effectiveness for Small Arms"
CPT David R. E, Hale

ix

469

481

494

503

514

529

539

546

559




"The Gun Air Defense Effectiveness Study" . . . . . . . . . . . . 567
Mr. Jerry Frantz
Mr. William Fulkerson

"Using Terrain Data to Estimate Abort Rates for
Wireguided Missiles" . . ... « ¢ ¢« ¢ v s v e v e 0 s 0o ... 579
Dr. A, E. Johnsrud

"Visual and Optically Aided Visual Terrain Search Rates as
Derived from Land Mine Detection and Tank vs AT Weapons
Tests'" , 591

*® e e e * * @ ® e 6 e € & & © ¢ * & € & & & e © + & © & e @

Mr, Floyd L Hill

Papers Presented to the Working Group on Operations, Plans, Doctrine
and Concepts

"Combined Arms Tactical Training Simulator" . . . . .
Mr,. Roger Sherman
Dr. Alexander Dobieski

e o ¢ o e 601

"Optimization of Reserve Component Mobilization Stationing' . . 611
MAJ Thomas A, Wilson, II

""An Analysis of Simulated Deployment of the US Army

Airmobile Division' . v &+ « + v v ¢ ¢« 4 e v e b s e 0 e 0 e e 0. . 619
LTC William H. Scanlan
Mr., Graydon T. Gosling

""System Capability-Over-Requirement Evaluation (SCORE)" . . . 637
LTC Robert W, Otto
MAJ Donald R. Richards

"Programing Movement Requirements for Strategic Planning" . . 650
CPT Philip R. Cooper

"Procedures for Predicting Bridging Requirements in Theaters
of %eration‘| L] L] . * . L . . L L . L * * L . . . . . L . L . . . * 662
Mr. J. K. Stoll

"A Real Time Decision Model for the Army Communications
Command" . . . v « v ¢ v v o v o o o o o 0 0 o oo e e e e e .. 680
Dr. Kingsley E, Forry
Dr. A, W, Wymore




"MOVANAID: An Analytic Aid for Army Intelligence Processing'
Mr. George E. Cooper
Dr. Michael H. Moore
Dr. Stanley M, Halpin

"Simulation of Assault Tactics in an Urban Area'" . . . . . . . . .
Mr. Robert B. Long

'""Modeling Tactical Nuclear Requirements: An Approach'
MAJ Larry G. Lehowicz

""A Study of the Army's Requirements for Air Force Close Air
Support (ARAFCAS)"' . . ... .. ...
Mr. George J. Miller

Papers Presented to the Working Group on Methods of Assessing
the Value of ORSA

"Depot Maintenance Capacity Planning Model" . ., . . . . .. . ..
Mr, Harold R, Gehle

'""Vehicle Useful Life Study" . . . . . . . . ¢« ¢ v ¢ v v o o
Mr. Ray Bell

"Application of ORSA Techniques to the Operations of a Missile
Range" . . .. ...
Dr. John C., Davies
Mr. James C. Hoge

""Determination of 2, 75 Inch Rocket System Potential Through
Testing and Analysis'" . . . .. . ..
Mr. Robert W, Bergman

"Systems Analysis: A Purely Intellectual Activity" . . . . . . . .
Dr., Seth Bonder

"Critique of Operations Research Techniques" . . ... .. ...
Mr. Roger F. Willis

"Preliminary Operational Analysis of Cannon Launched Guided
PrOjeCtilesn * . Y ] . ] ] . . . . . . . . . . . . . * . . . . ] . .
Mr. Jeffery D, Hanne

696

708

721

733

745

757

773

783

794

808

821




""On the Uses of ORSA Studies for Policy Decisions"., . . « « « « &
Mr. Norman A, Reiter
Mr, Jerry Selman
Dr. Victor Selman

Papers Presented to the Working Group on Utilization of ORSA
Techniques at the US Army War College

"Philosophy for Utilization of Computer Supported ORSA Models
at USAWC" L] L 3 L] . L] . L] L] . . . * * L] * L] L] . . . L] . . . . . L] L] L]
COL Louis F, Dixon

"Curricular Application of the USAWC Budget Projection Model",
LTC William F, Burns

""Technical Methodology in the BUDPRO Model and the Application
of this Methodology to Other ORSA Techniques'" . . . ¢« ¢ ¢« ¢« « &
CPT Darryl L. Steiner

"The USAWC Force Costing Mode].” e o 8 o 6 o o o & 0 ¢ 0 o © o
COL Robert T. Reed

""The USAWC Force Costing Model Program Specifics" . + « « « &
1 LT Ronald G, Parker

Abstract of Paper Presented During Symposium but not
Submitted for Publication, ., . v ¢ ¢ ¢ ¢ o o o o o o o o o

Abstracts of Submitted Papers not Presented During the

é! mEosium L] L] . . L e o L] L] L] L] L] L] . L] L] L] L] L] L] L] L] L] L] L] . L] L] L]

xii

831

843

846

856

865

882

893

895




THE IMPACT OF ORSA ON THE US ARMY - HISTORICAL OVERVIEW

DR, HUGH M. COLE

Even the most cursory glance at the program of the Thirteenth US Army
Operations Research Symposium will convince one that General Hallgren
and Jack Newman have gone first class in sponsoring this formation, and
in persuading Generals Graham and Van Lydegraf to host the same.

There is something missing, however. This convocation really needs

a motto, a slogan, an advertising trademark. The use of Roman lettering
in the program and invitations--as AORS XIII--gives a certain touch, but
not much! I do have a suggestion. You all have seen on television the
very charming and seductive ''doll", dressed as the scenario may require
in skimpy bathing suit or white fur parka, who belts out in a moderately
musical voice but loudly and with impeccable diction and come-on for a
world-wide hotel chain: '""What has Sheraton done for you lately?' After
more than two decades of attendance at meetings such as this in the United
States and abroad, I am convinced that the one slogan which applies to any
and all such Army meetings is a paraphrase of the Sheraton Theme, i.e.,
"What has Operations Research done for you lately ?"' But as you will
discover, I do not propose to recite, as does the Sheraton girl, the specific
contributions (by agency, name and date) which OR has made to the US
Army during the past quarter of a century. My thesis, stated simply, ,is-
that our national proclivity for introspection and soul searching is in
general bad business--and in the particular of Army OR--can lead to an
unhealthy disregard of the indisputable fact that OR has been an Army

tool for a quarter of a century and needs to be used--not defended.

Our program bills this meeting as the '"Thirteenth Annual U,S. Army
Operations Research Symposium.,' The history of OR in the Army, however,
is somewhat longer than the chronological numerator ""Thirteenth'' suggests,
The first Army-wide OR Symposium was held twenty years ago when the
Office of Ordnance Research sponsored a one-day conference on Army
operations research at Frankford Arsenal, The meeting was called '"in
order to disseminate information on the methods and new developments in
the field of Operations Research to a large number of government personnel. "
In 1954 the Army already had moved a long way toward the incorporation of
OR into its planning and research facilities and operations. When the
keynoter at Frankford Arsenal, Br. T. J. Killian, spoke on the subject:
""Operations Research and Its Usefulness during the Last War', he was




addressing a goodly number of officers and civilians in the audience of

one hundred and fifty who were full-time or part-time practitioners of

OR in or for the Army., Killian, I should add, was not really talking

about the '"last war'', although the Korean War had ended the previous

year, a war of great significance to the US Army but one which in 1954

was overshadowed by the size and the drama of World War II. Killian,
then, was speaking of OR as practiced by the British in WW II. It is fair

to say that during the first decade of OR in the Army the standard justifica-
tion of OR as a "practical' tool was adduced from the exploits of the British
scientists, Watts, Blackett, Zuckerman, who had ""invented' Operations
Research, had {(as the name itself connotes) done research on the conduct

of actual military operations and could cite lists of kills inflicted on German
submarines and German aircraft which were directly the result of Opera-
tions Research,

In the United States, early in WW II, the Army Air Force and the US Nawvy
had set up OR Staffs on British lines and then moved, almost immediately

at the close of the war, to incorporate OR (or Operations Analysis) personnel
and organizations in their peacetime establishments. The Army, lacking
wartime experience in OR and without noteworthy precedents in the British
Army OR (or so it then seemed) moved belatedly and did not introduce OR
until the Operations Research Office (ORO) was fully activated in 1949,

This morning, then, we are looking back over a quarter of a century of

OR in and for the US Army. Two wars have been fought and two major
military interventions on foreign soil have occurred in these years; none

of the major weapons in the hands of Regular Army divisions at the beginning
of this period are '"'standard issue' today; the Army has had ten Chiefs of
Staff; if we average a tour of duty in the Pentagon as three years, the Army
has had eight successive generations of planners and operators in the
General Staff and Major Commands--and more likely twelve generations,
Also, during these twenty-five years, the Army OR community has been
addressed on occasions such as this by 257 Senior Officers and civil
servants of which number 23% forcibly expressed the opinion that OR was
useless, 22% believed that it had some value and 55% had no opinion.

(These figures, I hasten to say, are strictly my own and should be viewed
with great distrust, )

Looking back over these 25 years of Army ORI can see no way in which
standards can be developed by which we might make objective evaluations
of the worth of Operations Research to the Army, I know of only one
serious attempt to assign grades to any considerable body of OR studies,




In this case the top Army officers charged with Staff Administration of
Military Government, Civil Affairs, and Psychological Warfare rated
and graded a large number of OR studies in these particular areas, Most
of the studies examined passed with flying colors, none were rated as
valueless, In less than two years,however, the Army had removed
Military Government, Civil Affairs and Psychological Warfare from the
General and Special Staffs and for all practical purposes closed down all
Army instruction and planning in these areas. The Army decision that
the Army needed little or no competence in these areas of course rendered
moot the favorable judgment which had been made on this collection of OR
studies, ’

During these twenty-five years Army OR has been often '"hoist on its own
petard'', namely, the concept of''cost-effectiveness.' I refer to the
numerous demands from critics that Army OR justify its existence by
showing savings in some part of the Annual Army Budget which can be
demonstrably attributed to OR studies and which total more than the
monies expended during the same fiscal year to maintain an OR studies
capability in and for the Army. This kind of bookkeeping in a ""not-for-
profit'' organization such as the Army makes little sense.

On the other hand I cannot prove, nor can anyone else, that Army OR
increased the enemy '"body count' in Korea and Viet-Nam or reduced our
own roster of killed-in-action by 8o much as a single man, much less by
the strength of a battalion or brigade.

To be truly analytical we should first consider what the Army had as
objectives when it turned for assistance to an existing OR community
twenty~-five years ago., Then, as a corollary, we should ask what the

OR community proposed to provide the Army in the way of advice and
assistance. The expectations of the two consenting parties, of course,
have to be reviewed against the environment, the personalities, the
tools, tactics and techniques of this early period. Next, we should

take a look at the changes in the Army and in the OR profession which,
over time, altered the perception of what Army OR was and what it could
be expected to accomplish.

In 1946 some members of the Army Staff raised the specter of an Army
falling behind the other Services in the race to modernize and to survive
in what, it was believed, would be a long postwar slump characterized




by massive budget cutting, The touchstone determining the degree of
"modernization'" was the atom bomb. The Services which had the atomic
weapon and the requisite delivery means were ''modern.," The Army,
however, had no claim to being a ""modern' fighting force because it had
not established its right to a voice in the allocation of scarce fissionable
material, possessed no weapons capable of delivering an atomic warhead
on strategic targets, and had neither theory nor doctrine for the employment
of this new weapon, Indeed, as late as 1947, the US Army stated as official
an approved policy that the military value of the atomic weapon was
essentially the same as the military value of tube artillery and should be
thought of in the same way, About this time, however, a group of officers
came to the top of the Army hierarchy who had the imagination and the
desire to move the Army into the new era. Such men as J, Lawton Collins,
Matthew B, Ridgzway, Maxwell D, Taylor, James M. Gavin, Anthony C,
McAuliffe and Manton S, Eddy--~I cite these names only as examples--had
the combat credentials, won on the battlefields of WW II, to bring them to
positions of power and to give their opinions solid weight.

The immediate problem facing the postwar Army was this, There existed
a new and complex weapon whose design, manufacture, application and
potential effectiveness required a brand of technical and military expertise
which the Army schools, arsenals and laboratories did not then possess,
The problem would become even more difficult as the Army was forced

to assume responsibility for the defense of the Continental United States
against this weapon. In the months following the end of World War II the
scientists who had left their universities to help win the war and who were
responsible for the great technological advances of that war (the atom
bomb, radar, ballistic rockets, the bazooka, FM radio, the proximity
fuse, etc.) returned in droves to their quadrangles and ivy-covered
laboratories. These engineers, physicists and mathematicians were,

of course, the raw material from which Operations Research or Operations
Analysis professionals had been and could be molded.

The Navy and Air Force had tasted OR and found it good--both services
moved promptly to re-establish a peacetime OR capability. The Army
finally asked the well-known scientist Vannevar Bush for advice as to

how it might secure the services of the scientific community. Bush stated
flatly that the Army could not attract ""name' scientists to Civil Service
jobs because of the poor reputation Civil Service employment then enjoyed
in academic and scientific circles. He proposed that the Army use an
established university as the '""connection', and that the new organization




be independent, nonprofit, and dedicated by its articles of incorporation

to operate solely for the Army. The Johns Hopkins University, close to
Washington, was selected as the contract and professional vehicle, the
Operations Research Office (ORO) became the name (a name indicative

of the rising popularity of OR), and the initial organizers and leaders

came in from the Navy (where they had wartime service in uniform or as
civilians), I refer here, of course, to Ellis Johnson, Lynn Rumbaugh,
Jimmy Johnson and their cohorts, The men named, now dead, were known
to some of you,

The Army wished to have access to scientists who could give technical
advice on the atomic weapon, as well as other novel and complicated
devices in the offing, and whose reputations and analyses would be useful
in furthering Army claims to money and to new roles and missions. To
insure that this scientific serum was injected close to the brain, ORO
was specifically given the mission of providing support to the General
Staff of the Army, this with the clear understanding that each of the
Technical Services would be responsible for generating its own ''in-house'’
OR capability. One should say in all candor that at this timme the General
Staff probably knew little about the burgeoning profession of '""Operations
Research' and cared less., Its rather limited perception of Army OR,
however, would be promptly and drastically altered by two major perturba-
tions in the international environment: the creation of the North Atlantic
Treaty Organization and the outbreak of the Korean War, (We will return
tothese events in a moment. )

What did the party of the second part, the newly-formed OR community,

in and for the Army, perceive as its mission and relationship with the
uniformed, ''serving'" Army? In the first years of Army OR a standard
exercise at meetings such as this was a long, tedious and--in my judgment--
quite worthless general session devoted to ''"defining' Operations Research.
There were probably as many definitions as there were speakers at OR
conferences in these years, In general, however, the understanding of

the Army OR mission was derived from British reports on the wartime
employment of OR and from preachments to the Army OR community by
American academic figures who at the time were fighting to gain some
degree of autonomy for OR in the faculties of a few major universities.
These leaders in the new profession (Killian, Flood, Morse, Kimball,

et al;)appeared regularly before Army OR -conferences and symposia,
acted as paid consultants to the Technical Services and Army Scientific
Committees and published textbooks and case studies on which the neophyte




practitioner of Army OR cut his teeth. Dr., Morse put the scalpel to

this whole business of definitions in the First Ordnance Conference on
Operations Research at Frankford by begging the question; he said that

the time for definitions was past and that '""Operations Research is what
OR workers do.'" A few months later Ellis Johnson, then Director of
ORO, added another dollop of common sense to the turgid controversy
over the new titles and definitions in a thoughtful and well~-reasoned

essay which discussed "Systems Analysis'' and concluded that '"systems
analysis'' was no more than Operations Research applied to large systems.

Nonetheless,. despite much intellectual wheel spinning the OR community

in and for the Army was in general agreement as to mission and methodology
(this despite the continuing battle between those who wanted Army OR
organized outside of the regular Army structure and those who wished to
bring it inside of and make it a subordinate part of the existing Army
civilian structure)., One may summarize as follows:

a. OR practitioners were optimistic as to their future with the Army
and the possibility-of making major contributions to the Army (although
few went so far in their optimism as Dr. Killian, who told one Army
Conference that ""many of us feel that Operations Research is going to
have a greater effect on the economy of the country than nuclear physics. ')

b, Army OR types tended from the first to understand that operations
should be looked at as a combination of men and equipment, (This attitude
coincided with the Army shibboleth that "'we do not man our weapons, we
arm our men.'")

c. Army OR emphasized the use of parameterized models-~-usually
written in mathematical form in this early period-~and ultimately

succeeded in introducing to the Army vocabulary and manner of thought
this basic concept.

d. The OR professionals with the Army believed that the Army would
be best served if the advice provided was not biased by the OR type
becoming personally engaged in the actual conduct of Army operations.
Looking back in time, one may think this was a very naive view of the
practical world in which budget cuts and hiring restrictions would
encourage the Army to use OR people as extensions of the overworked
Army staffs. Also, it is quite true that some of the more academic
types in Army OR could have profited from a '"hands on'' experience of
the US Army. Nevertheless, the Army OR community was able during




most of its first decade to get a more favorable reception of its recommenda~
tions in the Army and provide the Army with more persuasive and cogent
argumentation before the Office of the Secretary of Defense and the Congress
because those who prepared the OR analyses were divorced from the conduct
of and responsibility for on-going operations.

e. The leaders in Army OR were convinced that the techniques of this
profession could be applied to practically every problem which might
surface in the Army or in the larger society of which the Army was a
part. Thus despite OR rosters in the early 1950's which consisted almost
entirely of engineers, physicists and mathematicians (with a few chemists
thrown in as a nod to the Chemical Warfare Service), there was a kind of
""opportunism''-=particularly at ORO--which said that whenever an Army
problem of importance appeared and the expertise was lacking to tackle
this, then the answer was simple: hire the man or woman who has the
appropriate professional competence and eventually he or she will learn
the basic OR techniques and tools.

f. The OR community would offer the Army an introduction to the high-
speed computer and modern computational aids as something more than
huge and quick ''numbers-crunchers' useful only for bookkeeping tasks
and routine ballistic computations. (If we remember the dramatic flowering
of computer technology from 1950 on, we can, I think, give much credit
to the OR community for the timely incorporation of these technological
advances into the warp and woof of the Army establishment. )

g. I must mention one final perception of the role of OR in and for the
Army, which clearly manifested itself in the early years, was accepted
by the Army for more than a decade, and to this day gives rise to bitter
debate, professional feuds,and gross misunderstandings. The early OR
community in wartime Britain had established the principle that OR on
military operations, where human lives were in the balance, must be free
to conduct analyses without service bias or military control and present
the results of such untrammeled research without leave from or sanction
by intervening echelons of administrative authority., With few exceptions
the great British scientists had been able to make this demand for ''free
scientific investigation'' stand, even under the authoritarian conditions of
wartime. The military and scientific leaders who first brought OR into
the US Army accepted the principle of free investigation and findings and
subscribed officially, as a review of Army Regulations and D/A Circulars
published in the 1950's and 1960's will show, to the slogan: '"The Army
may tell the OR scientist what to do but not how to do it. "' It is true that




the principle of free investigation often was honored in the breach rather
than in the observance, and that the degree to which military and adminis-
trative controls were imposed on the individual researcher varied greatly
between ORO and the Army in-house OR groups, and indeed between the
in-house laboratories, institutes and arsenals themselves, Often, however,
individual Army Staff officers and commanders in high quarters intervened
to encourage individual and independent research within Army installations
as a means of attracting or retaining high caliber personnel. Thus, the
first directive permitting the diversion of 10% of total research funds to
individually selected free research projects went first to the Army
laboratories and only then was extended to cover ORO,

You may think from the relative amount of attention I have given to the
Army and to the Army practitioners, in this review of early aims and
perceptions of mission, that the producer of OR understood the market
better than did the consumer. This certainly was the case during the
period 1946--1948 when the Army was examining the desirability of
bringing OR into the Army. But the two perturbations in international
affairs which I mentioned earlier, the creation of NATO in 1949 and the
commencement of the Korean War in 1950, drastically expanded the
Army's mission and with this expansion brought the Army to turn more
actively to its new OR capability, to seek to use it,and to understand it.
But, of course, this did not happen overnight.

In 1954 at the First Ordnance Conference on Operations Research the
Commanding Officer at the host installation--a colonel--excused himself
at the very commencement of the one-day session because he had, as

he said, '"some very important meetings scheduled." Two years later

at the Third Ordnance Conference, convened at Rock Island Arsenal, the
Commanding General of the host Ordnance Weapons Command,gave the
opening speech, entitled '""A Philosophy of Management'', in which he
deplored the dearth of scientifically-trained people in the Army and asked
that specific OR projects be undertaken. Perhaps these two gentlemen
represented two different and competing segments of ""Army'' opinion,

I suggest, however, that the passage of only two years in this first decade
of Army OR probably explains these two drastically different attitudes on
the part of the Army customer. By the time of the First USA Operations
Research Symposium, staged in a three-day session at Durham in 1962
with over two hundred participants, the role of Army OR was of sufficient
importance to call for a keynote address describing the use of Operations
Research at a higher level, that is, in the Department of Defense, By
this time, too, the ties between the serving Army and Army OR were so




well recognized that General Ely, the Director of Army Research, felt
it necessary to call for a re~examination of the roles of Operations
Research in order to achieve concord with the three new major Army
Commands which had just been activated.

Now let me turn to the environment in which Army OR was structured

and nurtured. Recall, if you will, the posture of the Army subsequent

to the signature of the NATO agreements and acceptance of the Lisbon
Force Goals. The Army had expected a short tour of occupation duty

in Europe like that following WW I, Suddenly the Army was charged

with indefinite deployment on the European Continent, was handed a
mission demanding constant combat readiness (only the constabulary
squadrons had combat worth in 1949), was forced to leave the defense

of its flanks to other nations, was told as a matter of national policy to
fight a desperate and hopeless delaying action against what would be
overwhelming odds yet somehow gain enough time and save enough
tactical cohesion to permit a stand on the west bank of the Rhine, while
NATO reserves mobilized and the women and children from the American
garrison communities fled (as best they could) to Spain. The ''trip-wire"
strategy then obtaining placed the army in the unenviable position of
forming this ""trip wire'' with the lives of its troops and their familites
and left the Air Force and its atomic weaponry to engage and destroy

the putative enemy. Here was the nub of the matter, The so~called
""single weapon strategy'', i. e,, strategic reliance on US possession of
the atom bomb and massive Air Force delivery of the same, promised

to reduce the Army to a supportive, ''spear~carrying' role. Indeed
there was some thought in high places that the Army should be restructured
as simply a logistic and police.féorce providing support to the Air Force
and Navy. And remember that the US Army also had to fight a2 war in
this period, clear across the world. With the survival of the Army as
the Senior Service in doubt, and with accepted planning figures which put
the Red Armies at the Rhine and the English Channel in five days or less,
the US Army commands in Europe were willing and indeed anxious for
advice and scientific support from whatever source. So OR became a part
of the US Army establishment in Europe. The first formal Report ever
published by ORO (ORO-R-1) was a multivolume analysis of the conduct
of atomic warfare in Central Europe and for many years it provided the
technical basis for the Army version of NATO strategic plans. Army OR
types in USAREUR and in Army Ordnance and Engineer installations at
home collaborated in the search for ways and means to delay the anticipated
onslaught of whole Russian tank armies, or perhaps even halt the same.




OR involvement in one area of Army interest quickly led to involvement
in another, sometimes of only tenuous connection. The Truman doctrine,
originally enunciated for Greece and Turkey, brought the Army full tilt
into the Military Assistance Program (MAP) as this contributed to the
weaponing and logistic support for the NATO armies, and cleared older
equipment from Army inventories.. Large-scale analyses of the arms
and reserve stocks held by NATO members led directly to OR tactical
studies for USAREUR, which brought into question the assumptions
underlying the NAT O/ MC Reports and the validity of the Force Tabs
accompanying the same,

From whence came the impetus for OR engagement in Army problems
of the magnitude and importance of those referenced above? The answer
to this question probably should be the same as the answer to the classic
Army question whether the impetus for supply should come from the
front or the rear: namely, "it depends on the situation.' In some cases
the Army in Europe lacked the scientific competence to evaluate the
potential effects radius of new weapons and turned to OR, thus bringing
the OR types into tactical and strategic planning. In other cases the OR
people turned the spotlight on problem areas which the Army had failed
to recognize or had neglected, for example, the possible impact of
refugee movements on D-Day deployment from the German Kasernes
and the planned withdrawal to the Rhine,.

Now permit me to step clearly outside the bounds of Army OR as a
profession and speak as a historian of the US Army in the Twentieth
Century. Recall that the United States Army emerged from World War 1I
with all the prestige of a great victory, that the armies in the combat
zones clear across the globe literally collapsed in the rush under public
pressure to demobilize, and that the small regular Army cadre remaining
had "battle fatigue' and could be pardoned if it wanted nothing more than
to go back to the old peacetime way of soldiering. It is my judgment as

a military historian that, given these conditions, the US Army made a
truly remarkable and generally successful effort to shed its features as

a World War II fighting force and enter the Atomic Era with minimal
hesitation and delay. For the most part this transition was prompted by
the new demands of the Army's role in NATO: a theater in which Army
OR was consciously and successfully employed. I conclude, therefore,
that Army OR must be given a full share of credit for the post-WW II
modernization of the US Army.
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We need give little attention to the effects of the Korean conflict on the
Army/OR relationship. The OR participation in the Korean War was far
from negligible--well over a hundred Army OR types received UN
recognition for service in Korea. However, the revival and restudy of
the Korean OR reports during the recent combat in Southeast Asia
probably has given most of you an appreciation of the OR effort in Korea.
In general those analyses used standard OR methods to examine infantry
weapons, artillery fire direction, signal communications, tank kills and
battlefield illumination, and to effect changes in the field. In three areas,
however, new ground was broken. S, L. A, Marshall, a consultant with
ORO, took the cultural mumbo jumbo and psychological claptrap out of
the popular explanations of the way the Chinese fought and reduced the
same to a common-sense exegesis of Chinese tactics and combat
techniques., For the first time in the history of the US Army statistical
analyses using OR methods were made on the '"behavior''--mentally,
emotionally, and physically--of the individual man in combat., Finally,
the OR analysts were able to create a ''factual'' picture of race relations
under combat conditions which dispelled many cherished myths and had a
direct effect on the way in which the Army took the lead in implementing
the Truman Executive Order ending segregation in the Armed Forces.

We now come to the era of these Annual OR Symposia and each of you can
be his own historian, .evaluating success or failure as your own experience
and prejudices dictate. When the First Symposium convened in 1962, and
those present called on the leadership of the Army to make this an anaual
event, OR had grown in stature great enough to attract close scrutiny by
the DOD, Bureau of the Budget and the Congress. The keynote speaker,
therefore, warned that the evaluation of the role of Operations Research
in the Army would no longer be left solely to the Army.

What, in general, were the paramount features of the environment in
which this evaluation from 1962 to the present would take place? I see
them as follows:

a. ORO lost its position of leadership in the Army OR community as its
founder and Director, Ellis Johnson, was dismissed and the association
with the university was terminated. Although personally painful to many,
what happened in this case was common experience in the early '60!s in
the Board Rooms of American industry and education: The rugged
individualist who built with his own hands and '"crusaded' for the freedom
to build in his own image had too often proved unable to administer the
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"institution' he had brought into being or sustain it by ad hominem
tactics, The conventional solution in these years, as the Harvard
Business School noted, was to replace the individual with what has been
styled as '"faceless management', and so it was when the Research
Analysis Corporation succeeded ORO, Naturally there was much
fishing in these troubled waters by those in the Army who wished to
destroy the special status originally accorded ORO and by the profit-
making OR corporations who resented the '""nonprofit" concept and
actually raised a '""'war chest' of several thousand dollars to finance

the attempted subversion of ORO/RAC in the Army and in the Congress.
There would be a ten~year reprieve, however, before the Army finally
abandoned its original concept of a not-for-profit organization and,
interestingly enough, some of the most innovative applications of OR to
formidable Army problems took place in these years. Parenthetically,
I notice several presentations by the General Research Corporation,
successor to RAC, on our program.

b. Robert McNamara introduced into the defense establishment an
insistence that '"facts' replace "experienced military judgment" in the
decision-making process, and made the critical analysis of alternatives
a mandatory way of life in the E Ring of the Pentagon, Although Army
OR sometimes suffered by reason of '"guilt by association' with the
"Whiz Kids" in OSD, on balance one must say that the McNamara Era
saw Army OR increase in usefulness and in stature. Those in the Army
who hoped that the McNamara insistence on factual analyses would
disappear when McNamara left the Pentagon missed the point. American
industry, transportation, government (at all levels), the Navy and the
Air Force had turned to analytical and computer techniques as unavoidable
and useful in the soclution of the complex problems created by the new
technologies and the new demands of an expanding society. Army planning
and management willy-nilly, with or without McNamara, would have to
walk the same road.

c. The war in Viet-Nam preoccupied the Army for nearly twelve
years and ended without victory in the field, this for the second time in
two decades. The Army, as usual, had provided the bulk of the forces
and sustained the bulk of the 46, 000 battle deaths, but the Army had not
solved the problem of fighting this kind of war. OR was little utilized by
the Army in Viet-Nam nor, in contrast with Korea, did the OR community
make a concerted, high-level attempt to find an entry to that theater.

The OR types, in their sphere, were no more successful than the Army
in getting a handle on this kind of war, as witness the abortive attempts
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to simulate on the computer or produce a model of the combat in Viet~Nam.
It is true that the use of OR techniques and personnel in the Howze Board
did contribute to the emergence of the helicopter in Viet-Nam, Costing
techniques used by OR types got an accurate fix on the actual dollar value
of US military support to specified parts of the South Viet-Nam war effort,
And OR-developed reporting systems permitted the Army commanders in
the field to evaluate the expenditure of artillery ammunition and isolate

the causative agents in the battlefield attrition of equipment. Nonetheless,
OR, like its Army partner, cannot point with satisfaction to its role in
Southeast Asia.

d. There was little time for either the Army or its OR assistants to
indulge in introspection or recrimination as the Viet-Nam conflict dwindled
away. A new phenomenon appeared on the Army horizon called "inflation. "
The Army and its OR establishment have developed protective procedures-~
sometimes effective, sometimes not~-~against budget cuts. Neither,
however, has thus far produced acceptable and defensible methods for
projecting the impact of inflation on future Army budgets. Neither has
demonstrated a clear understanding of how tradeoffs, in an era of runaway
prices, can best be determined between the procurement of very expensive
nuclear weapons and the acquisition of larger numbers of cheaper conven-
tional weapons. Also, I am concerned, as are other old friends of the
Army, as to whether or not the Army and Army OR are readying the
intellectual tools which will be required if the United States Army is to
make its voice heard and respected in the reassessment of national
strategy which the parlous state of our economy surely will demand.

At the end of a quarter of a century, Army OR, Ibelieve, has the potential
of playing a role far more important than at any time in its first twenty-
five years. We leave the next speaker to predict whether or not that
potential will be realized. But I question whether Defense Secretary
Schlesinger's warning that the Army cannot afford "ossification', and

his admonition that the Army must show itself '"capable of imaginative,
innovative and nonroutine responses' to current problems, is in any
degree answered by the repetition ad nauseum of the question: '"What

has Operations Research done for you lately?'

Instead, I suggest that we should, as Bing Crosby opined, "accentuate

the positive. " Instead of dwelling on what OR has not been able to achieve
in previous years and rather than giving undue credence to those who
reject OR in the Army, the US Army must accept the premise that OR
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represents a serious and usable approach to complex but soluble problems
and is here to stay., From this premise the Army should make a firm
commitment (a) to sustain a viable, cohesive and prestigious OR capability
(no matter where currently it may be found or what its antecedents) and

(b) to employ this capability in a rational, consistent, continuous and
optimistic manner with priority application én those problem areas where
the national stakes are the highest and where the future of the United States
Army is most in question,
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PRESENT & FUTURE ORSA TRENDS -
A FORECAST FOR THE US ARMY

ABRAHAM GOLUB
Technical Advisor to the
Deputy Chief of Staff for

Operations and Plans

I always welcome the opportunity to talk about ORSA in the Army.
The Army was the first of the services to perform formal ORSA work. I'm
proud of that fact, and I'm proud of the Army's record in this area. I
also welcome the challenge of making some forecasts and predictions
about Army Operations Research in the future. I recognize the clear
danger that some years from now someone will look up my remarks today
and regale an audience with the disparities between today's predictions
and the realities of that time.

Well, I refuse to worry about that -- it's happened before and I'm
sure it will happen again. Let me give you a quick example: I recall
an AMC System Analysis Symposium that was held in November 1968. General
Bunker of AMC was the opening speaker. He warned the audience that such
symposia could become a rarity in the future because President-Elect
Nixon had just indicated that he would reduce the importance of systems
analysis in the DOD and return more of the decisionmaking authority and
responsibility to the military. Later that same morning Dr. Alan
Enthoven gave an address during which he singled out the CHEYENNE
Helicopter as a shoo-in that would greatly enhance our combat capability
in the 1970's. That afternoon I gave an address titled "Operations
Research in AMC - Past and Future'. And although I made some suggestions
of ways that AMC could further improve their contribution to Army O.R.,
I warmly applauded their past performance and confidently predicted that
AMC would continue to do great work. Well, obviously all of us were a
bit wrong -- even Nixon.

As one of the early practitioners in this business of ours, I
especially enjoyed Dr. Cole's historical review of Army Operations
Research. I feel he did a splendid job of setting the stage for my
remarks on current and future trends, I should like to start out by
commenting on a trend that is already several years in being and which
I strongly believe we should reverse as soon as possible.

I am talking about the recurring self-deprecating dialogue which has
become the vogue for far too many elements in the Army. To engage in
self-examination 1s always, of course, desirable. It becomes unhealthy,
however, when such self-examination results in dialogues which
increasingly distort the image of the Army, or in this case, the Army's
study effort. Once started, such dialogues have a natural tendency to
become overcommitted to self-criticism and, when that happens, it does
so at the expense of an honest search for solutions to the real problems.
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It's fairly clear how some of these attitudes developed. 1In the
decade of the sixties, under the combined influence of Secretary
McNamara's support, Dr. Enthoven's publicity, and expanding budgets,
"ORSA Activity" simply mushroomed. From my various vantage points in
Aberdeen, in the Army Secretariat and the DA Staff, I watched all this
happen with mounting concern over the general lack of what might best
be called "Quality Control". Now I don't mean to say that everything
that was done in that era was bad, but it seemed like every job shop in
the country could get a piece of the action by simply advocating a
"Systems Approach" to any problem.

The net results of this surge of activity under the banner of "ORSA"
can be summarized in three brief statements:

1) The number of people who could claim ORSA experience and ORSA
qualification on their resumes had multiplied to unprecedented levels.

2) There was a great deal of work done that ranged from marginal to
simply "bad".

3) Criticism of the newly enlarged "ORSA Community' mounted to the
point where even congressional leaders and the President-Elect got on the
bandwagon.

In the two or three year period centered around 1970 many members of
the Military ORSA Community began to react to the mounting criticism.
Several symposium themes or principal addresses had titles like these:

1) An Assessment of the Current State of Military Operations
Research

2) The Value and Limitations of Studies and Analyses Directed to the
Senior Government Decision Makers

3) Challenges in Military O.R. in the 1970's
4) Ethical Problems in Military Operations Research

5) On Professionalism and Ethics

Clearly we were listening and accepting much of the criticism but
unfortunately, our reactions were really overreactions which largely
placed us on the defensive. It was about this time that I began
boycotting as many of these symposia as I could, and when I couldn't
escape I spoke out to urge that the ORSA Community stop beating itself
about the head and put a halt to all their self-deprecating activities.
And I do so again today.

It bothers me to see that we are apparently still on the defensive;
still blaming ourselves. Even the theme of this symposium, "The Value
of Operations Research to the Army" was born of negativism. Unfortu-
nately, to this day there are those who still question the value of
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0. R. To me that is no different than questioning whether or not there
is value in thinking. Let me ask: When the optical society meets or
the metallurgists convene, do they adopt themes challenging the very
need for their professions? Of course not! What I am pointing out, is
that there is no reason to challenge ORSA as a professional activity.
ORSA is valuable!! As far as I'm concerned that's a given!!

Our problem, as in every discipline, is that there is good ORSA, bad
ORSA, and a fraction that falls somewhere in between. Our goal, of
course, is to minimize the bad ~-- and we've been making good progress
toward that goal. The recent cost and operational effectiveness studies
on the Heavy Lift Helicopter and on BUSHMASTER may have had a few
blemishes -- and perhaps the tools used weren't the best possible ~--
but, nevertheless, the results sufficiently and objectively illuminated
the issues and alternative courses of action. Even if they had been less
adequate they still would have served a useful role by forcing others to
think hard about the deficiencies and issues not satisfactorily addressed.
Last year's HELLFIRE study was an example of this. That study managed to
surface, but leave unanswered, a number of important issues. This
helped us to initiate certain field tests which are providing valuable
inputs to a second and much more meaningful examination of the system.

In line with my appeal for positive thinking and discussion, I was
especially encouraged at last year's AORS Symposium. As General Chairman
I was privileged to move freely about and sample most of the working
groups in action. What I heard time and time again from the speakers

was an attitude that can only be described as, '"Look at what I have done
- and I think it is good". That was great; it was most heartening. I
fully expect you to hear more of the same at this symposium -~ despite

the negative interpretations some may have put on the announced ‘'theme".

As a final comment on this business of self-criticism, I reject the
notion that we need to establish academic criteria for professionalism
or a formal set of ethical standards. I maintain that in the years
ahead the most stringent performance standards will be met by Army ORSA
analysts through peer group pressure and by our structured system of
reviews. (SAGs, IPRs, ASARCs, etc.) I believe the word is already out
that you are likely to be shot out of the saddle if you report an
inadequate analysis to any of these groups. Thus, by internally
developed procedures we automatically institute standards of
professionalism and ethics. There is no need to adapt testing
procedures and licensing criteria.

A few moments ago I gave you a sample of some symposium themes and
addresses that included the title, "Challenges in Military O.R. in the
70's". I researched this particular item (actually it was a 1971 panel
discussion) to identify what were then perceived as some of the major
challenges. I made a partial listing -~ in no particular order --
simply to give you a flavor of what some leaders of the ORSA Community
saw as some of the problems and challenges confronting us nearly four
years ago. I have taken the liberty of slightly re~phrasing some of
these challenges to put them in the common format. It's easier to show
you these on a slide than to read them all ~---
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CHALLENGES IN MILITARY O.R. IN THE 70'S

THERE IS A NEED TO:
© DEFINE THE TYPE OF SERVICES WE ARE PROVID ING

© PURGE THE ANALYTIC QUACKS AND EARN GREATER CREDIBILITY

O SHARPEN UP THE PROCEDURES AND TECHNIQUES WE NOW TAKE FOR GRANTED

© USE MILITARY OPERATIONS RESEARCH RESOURCES MORE EFFICIENTLY; ESPECIALLY COMPUTERS
G REMOVE OBSTACLES TO INNOVATION IN ORSA

O DEVELOP A CGDE GF ETHICS TO BE APPLIED TO CONTRACTOR ORGANIZATIONS

O ADAPT TO CHANGE IN THE DEFENSE ENVIRONMENT AND DECLINING DEFENSE FUND ING

ODEVELOP A HIERARCHY GF MODELS WITH VARYING LEVELS OF RESOLUTION

O DEVELGP A DISCIPLINED SET OF MEASURES OF EFFECTIVENESS APPLICABLE TO ARMY SYSTEMS

O GAIN A BETTER UNDERSTAND ING OF THE WAYS IN WHICH NIGHT OPERATIONS D IFFER FROM
DAY OPERATIONS

@ STRUCTURE A BETTER FRAMEWORK AND METHODS FOR STORAGE AND RETRIEVAL OF THE
ACCUMULATED BODY OF ORSA WORK AND KNOWLEDGE




Now I have no intention of addressing this list on an item-by-item
basis. My purpose in mentioning these recent challenges is simply to
let us see, in general, how future trends as I see them will work
toward meeting these and related challenges.

Now, as to the future! Certainly the most prominent and the most
critical trend impacting on Military O.R. is the decreasing defense
budget. 1In actual purchasing power it is lower than at any time in the
past quarter-century. How low it can get is anyone's guess, but it
seems likely that it will bear its share of the nation's economic
burden in the immediate years ahead. In fact reduced defense spending
is, already a five year old trend. Barring overt acts of aggression by
potential enemies, I see nothing in the political and social fabric of
the nation that will reverse this trend. This trend impacts on Army
Operations Research in two principal ways: First, ORSA activity will
have to continue to adapt to reduced funding, and secondly the reduced
funds to support new R&D starts on weapon systems and maintenance of a
reasonably structured Army will require a much better analytical batting
average than ever before. Because we will have fewer opportunities to
begin new programs, we will have to get a higher increment of effective-
ness’ from those that we do, and that means we who analyze will have to
do better and 'smarter work'. With respect to materiel systems, we will
be helped in this by our new materiel acquisition procedures which most
of you are just learning about now. Those procedures have built into
them a more deliberate, a more cautious, approach calling for intensive
analysis and testing before proceeding into hardware development. They
also require periodic reviews and updates of the COEA's prior to the
final commitment to go into production. This will give us more time to
make certainties out of the uncertainties and there should be no excuse
for not doing '"smarter' analyses.

The continuing trend toward fewer dollars to support Army Operations
Research means that fewer tasks and studies can be undertaken. That will
force us to be more critical and selective in choosing which one to fund.
From the standpoint of quality, however, it should enable us to
concentrate our best resources on the fewer but very important studies.
This reduced level of effort has already had a major impact on the
amount of work we will contract out. I have not attempted to quantify
this, but the reduction thus far has been quite significant, and I do
not see this as a trend that will be reversed. Actually, and although
I personally hate to see it happen, I am convinced .that we will shortly
be entering an era of near-zero contractual effort. I can tell you
today that we at HQ are already planning against that eventuality --
and I advise you to seriously do the same. That era is coming and you'd
better harness your in-house resources, accordingly.

Fortunately, the organizational changes within the Army during the
past 18 months anticipated the aforementioned trend. The establishment
of the Concepts Analysis Agency, TRANSANA in the Training and Doctrine
Command, the Operational Test and Evaluation Agency, together with
AMSAA consolidate many of our O.R. and test functions and

19




responsibilities. These organizations will provide a much-strengthened
in-house capability. This centralization of our in-house talent will
give the Army the organizations which not only can manage and conduct
large segments of the O.R. effort, but which can also act as the
essential "Colleges" in which newcomers to the field can learn the
trade. The Army Materiel Systems Analysis Agency, born of the Weapon
Systems Laboratory at BRL, is the prototype of this type of college.
Apprenticeships at doing O.R. studies are fairly long, but the resultant
talents and skills are very good indeed. I look for much the same level
of quality in education and training over the next few years from CAA,
TRANSANA and OTEA because of the amount of experience and talent we are
consolidating in these organizations. Ladies and gentlemen, as trends
go, this is a darn healthy one.

For years it was common in meetings such as this to speak of
"Practitioners" and '"Clients' as two separate populations. The con-
tractors, as practitioners, performed operations research studies on
behalf of the military services and the OSD offices and agencies who
were the clients. Although it was not entirely true that the clients
never practiced, the distinction was reasonably valid because the ORSA
types in the services were quite fully occupied reviewing the prac-
titioner's work. This is rapidly changing. It has to! The Army
organizations I mentioned a moment ago are and will continue to be full-
fledged practitioners. While it may still be valid to think of the DA
Staff and the Army Secretariat as clients, the practitioners are now
really part of the same family. And, I think that's a darn good trend.

One of the major developments of the past few years that has made
this possible is the increase in the number of '"Green Suiters" officers
who are ORSA trained and qualified. Prior to 1968 there was only a hand-
ful of Army officers with ORSA credentials. Scattered as thinly as they
were among the Army Staff and major commands, they could do little
except review other people's work. Today there are nearly 600 Army
officers on active duty with graduate degrees in Operations Research,
and more are being trained each year. With this kind of talent to add
to the civilian resources, it is not surprising that organizations like
CAA and TRADOC are beginning to produce quality work. My own observaticn
is that the ORSA trained Army officer brings his own special enthusiasm
and specialized knowledge of the military which effectively complements
the civilian's longer experience and continuity. They work well
together, and the best part is that more and more of these young
officers are being given the opportunity to be practitioners. In this
regard, we are beginning to enter another interesting phase: The first
of these ORSA trained officers are beginning to enter the 0-6, 0-7
grades. In the years ahead, their increasing influence in more
responsible positions signals, not only a more perceptive and more
penetrating review of the fine grain detail of our analyses, but also
a better understanding and acceptance of our products. I personally
fought against great odds to preserve the ORSA career program -- I won
that battle -- and I'm darn glad about that.
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You will recall from that earlier listing of challenges on the slide
that there were several that called for greater efficiencies in the
performance of our work. One trend that I see developing, and that
clearly works in the direction of improved efficiency, is that one of
"Standardization" within our COEA's. TRADOC has developed a set of
standard scenarios for use in computer simulations. These include
nominal Blue and Red forces with weapon types appropriate to the time
frame, and detailed terrain data for representative battlefields in
different parts of the world. The user of these standard scenarios can,
of course, introduce variations in forces, weapon mixes or tactics to
suit his particular needs. However, these scenarios have a healthy
capacity for the integration of our efforts. Somewhat the same thing
is happening with regard to simulation models. From the earliest
planning for the creation of the Concepts Analysis Agency I have
advocated making CAA the lead laboratory for all Army force analysis
and force structuring models. Although this is obviously going to take
a while, we are making it happen. Now, don't misunderstand what this
means; CAA is not going to do all force analyses in the Army. They will
become the focal point for collective knowledge about all such models,
and for maintaining up-to-date information on inputs and model improve-
ments. This should make available the best force structuring models
for major studies and should lead to a better, and commonly shared
understanding of these models throughout the Army ORSA Community.
Incidentally, we are now examining a plan to designate some of the
other major Army study agencies as lead laboratories in other subject
areas.

A recent innovation to the Cost and Operational Effectiveness
Analyses being conducted in the Army is the establishment of a ''Red
Team" to work in parallel with the main study group. The Red Team
provides a vital new dimension to these study programs by assuming

the role of the resident '"Devil's Advocate'. Their charter permits
them to challenge any aspect of study such as: assumptions, costs,
force deployments and so forth, on the grounds of accuracy, realism
or even just good common sense. One of the ways Red Teams may make
their most significant contributions will be to insure that the Enemy
Forces are made to act and react with intelligence in our war games
and simulations. I think the addition of the Red Teams to the study
and analysis process will provide valuable and broadened insight into
many of the new and sophisticated weapon systems under study. They
will also serve to lighten the burden of the small managerial and
review group at Headquarters, DA, who traditionally have had to perform
this same function.

There is another category of operations analysis that is relatively
new. It is called "Net Assessment'. While it may not exactly qualify
as a "Trend", it is currently in vogue and it could very well become
part of our stock in trade. Net assessments, which were initiated or at
least promoted by a Blue Ribbon Defense Panel in 1970, were defined as
integrated systematic analyses of existing and proposed programs as
they established capabilities and limitations of the United States
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versus possible antagonists. Simply stated, the objective of Net
Assessments is to identify asymmetries in military capabilities that
can be exploited or need to be remedied by changes in governmental
programs or allocation of resources.

The initial work on Net Assessments was performed at the highest
level -- the estimation of relative balances of power or of critical
elements of power, existing or projected, among nations or alliances.
Since then, concepts of Net Assessment have been broadened and extended
to serve a range of purposes, including the future effectiveness of
military force elements and Net Technical Assessments of particular
classes of military equipments. So far, the principal impetus for this
work has been from OSD. Some recent and current examples of Net Assess-
ments that the Army or outside contractors have worked on include:
Artillery, ICM and ICCM, Tank-Antitank, Chemical and even one on Tank
Crew Training. 1In some ways all of this may not be very difficult from
assorted "Special Studies and Analyses' we have all done from time to
time; it's just that we didn't have a good, all encompassing name for
this kind of work. Nevertheless, it is more formalized now and the
primary user of the results is OSD -- not some intermediate level of
Army management. It is very important, therefore, that O.R. analysts
participate in these Net Assessments to insure that the proper judgments
and inferences are brought out and the limitations of the assessment are
made clear. I caution, do not write these off as simple data-gathering
exercises.

There is another area of work that is likely to become a growing
trend, because I plan to do all I can to make it happen. I'm talking
about analyzing current operations. It seems that the bulk of the ORSA
work in progress today is oriented toward 1977 and beyond. Who is
studying today's Army dperations and activities to make them more
efficient and effective? Let's talk about a typical tank battalion in
Europe for example:

® What is their week-by-week activity profile?

® How far do their tanks travel each year? By road march? By rail?
At what cost?

® What are the spare parts costs?
® How frequently must the tanks be overhauled? At what cost?
® How much training ammunition is used? What does that cost?

I happen to have obtained some of the answers to these and many
related questions because I became involved in a special project for
the Under Secretary of the Army just a few weeks back. It was an
interesting and informative exercise. The answers to the questions I
have just presented can be obtained. 1In fact, you can get them very
gradually by going to AMC, HQ USAREUR, DCSLOG, etc. The interesting
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and curious thing is that no one is really both collecting and analyzing
these kinds of data; no one is really challenging the current practices;
no one is asking the provocative questions about how current practices
might be made more efficient and more economical. Many of these kinds
of data are being accumulated under various existing Army procedures.
They can be obtained and they are amenable to thoughtful analysis, but
no one seems to be doing it. Now, I will concede that this type of

work is probably less glamorous (and less publishable) than an elegant
mathematical treatise. However, it could be a heck of a lot more useful
to the Army. For example, when you consider the fact that the Army's
maintenance costs have been running at 20% or higher of the total Army
budget for the past five years, you can begin to appreciate the dimensions
of what I am talking about (and I might note that ammunition costs are
not a part of this -- they are in addition to the maintenance costs).

In comparison, total Army R&D budgets are only at about one-third the
level of the maintenance costs. The message is clear: If we can shave
10% from the maintenance costs without significantly affecting
operational capability, then we should be able to expand in other
demanding areas. I hope that a number of you will leave here with a
resolution to delve into this subject of current operations. Believe
me, it is a fruitful area of study.

I think it's time I began to wind this up. There are a number of
other topics I could have expanded upon, but I will just mention these
in passing:

® Urban Combat - This is gaining increased attention, and its
complexities are a real challenge. Much work in this area is needed.

® Increased reliance on field testing, and the potential for testing
and simulation to support and augment each other.

® Earlier and more detailed incorporation of the logistical
implications of adoption of new materiel systems.

¢ Night Combat - In terms of modeling or simulating this we are not
much better off than we were five years ago. Meanwhile the quality and
performance of night vision equipment has drastically improved.

® Survivability is something we will be hearing more of and paying
more attention to in the future. I'm speaking about survivability in
its broadest sense -~ encompassing passive protection, signature
reductions, camouflage, redundant systems, field expedients, etc. I'm
willing to predict that we'll hear more on this as early as tomorrow
afternoon.

® Risk analysis - This was the theme of AORS XI in 1972. I should

know - 1 gave the keynote speech. This has been evolving rather slowly,
but surely. I envision the day -- fairly soon -- when a formal technical
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and economic risk analysis will be a part of the concept formulation
package for any new system.

I'd like to take just a moment or two to summarize my remarks and
attempt to point out where we are headed in Army Operations Research.

® There has been a significant trend toward consolidating Army ORSA
activities within the Army with a corresponding reduction in the use of
outside contractors. Contractual efforts will enter a near-zero era.

® One of the primary reasons this is possible is the sizable growth
over the past six years of ORSA - qualified Army officers. They are
beginning and will continue to enter the group of General Officers.

® There is a definite trend toward standardization of scenarios,
models and analytical methods.

® The quality, quantity and health of the ORSA Community is generally
good. We need no control mechanism to insure professional performance --
we have become self-disciplining and self-regulating.

® The defense budget, and indeed the social climate with regard to
defense spending, will inescapably impact on our profession, the
dimensions of the work we do and the environment in which we work. I'm
afraid that we are in for an extended period of belt-tightening; our
work must be much more selective and a lot '"smarter'.

® Some of the buzz-words of the next 4-5 years will likely be:

SURVIVABILITY

NET ASSESSMENT

OPERATIONAL TESTING

DECISION RISK ANALYSTIS

NIGHT COMBAT

URBAN COMBAT

- RED TEAMS
And finally:

- ANALYSIS OF CURRENT OPERATIONS: 1It's a must, a need,
and we will be doing much of it in the future.
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On the whole I'd say that Army Operations Research is improving in
quality, is gaining more credibility among the top decision-makers,
and has some promising new directions to move into. Most importantly,
it is gaining increasing respect and attention from the decision-makers
~- and that's what it's all about, isn't it? So let's stop beating
ourselves over the head,
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ORSA HELP IN MANAGING THE ALL VOLUNTEER ARMY

BANQUET SPEAKER
MR. PAUL D. PHILLIPS
DEPUTY ASSISTANT SECRETARY OF THE ARMY
(MANPOWER AND RESERVE AFFAIRS)

Thank you very much for the kind introduction. It is a great pleasure

for Mrs. Phillips and me to be here - our first visit at Fort Lee. We've
been delighted with the hospitality shown us. Mr. Newman, General Hallgren,
General Graham, General Camm, other distinguished visitors at the head
table, at the symposium this morning I was delighted to hear my old friend
and mentor, Dr. Cole, my West Point Classmate, General Miley and an
associate of many years standing, Abe Golub. We have heard about the

past of ORSA, we have heard of the prediction of the future of ORSA. My
subject tonight is ORSA and management of the All Volunteer Army, which

is the present of ORSA. You heard Abe Golub say this morning that he
thought there was a great deal of work to be done in OR in the present.
Unfortunately he cited the operations of a tank battalion as a suitable
place for that to start. My thesis is that the right place to start is

in manpower management.

Now this after dinner speaking is rather a new forum to me, typically

I have a lecture at a War College or at Leavenworth or somewhere else

and there is a question period so I am fairly circumspect in what I have
to say. Tonight, not being that constrained, I1'll be somewhat contentious,
I hope.

Secretary Callaway spends between 65 and 70 percent of his time on people-
related matters involving making the all-volunteer Army an unqualified
success, a reality. That leaves about 30% of his time on the kinds of
things that you usually deal with, force structure, R&D, procurement,
planning, programming, budgeting, and legal matters that don't have to

do with the all-volunteer Army. How much ORSA effort is being spent

in support of Secretary Callaway and his tough decisions? My thesis is
not nearly enough, particularly when, as General Miley correctly stated,
well over half of the Army budget is spent on people and people-related
things. And I'm talking about people taking well over half of the budget
not counting the people-related part of O&MA.

Not quite two years ago now we got into a brand new ball game, brand new
rules, brand new problems. Overnight our least expensive, least worrisome,
easiest to manage resource became our most precious, most worrisome, most
difficult to manage. During the draft we simply had to call on General
Hershey to send us how ever many men we wanted, whenever we wanted, where
ever we wanted. This permitted our training base to run on essentially

an even flow basis, being perturbed on slightly to permit us to replace
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people in units as they left the Army. Moreover, General Hershey sent

us a rather consistent and representative cross section of the military
age population. They were qualified to fill all the hard and soft skill
MOS vacancies that we had. Under these circumstances you would be right
to assume that recruiting, making service life attractive to the junior
enlisted men, the need to entice young men into the less desirable but
essential skills such as infantry men, tanker, and artillery men were not
among the Army's higher priority problem. Suddenly when we stopped
drafting we discovered seasonality. Not many people want to join the

Army in the months of February through May. The best and the most join
through June to September and again in January. From being a very simple
task to match a vacant school seat with a qualified student, it became a
very difficult task. From being a very simple task to replace losses in
units as they occurred, it became a very difficult task. From being able
to get by with a small, second rate, poorly housed, recruiting force, it
became necessary to establish as a top priority getting a large highly
motivated, superbly trained, superbly housed and superbly led recruiting
force. From being able to ignore career attractiveness, it became necessary
to analyse what it was we were offering, to improve on it, and to present
it in the best possible light. And that meant a fourteen fold increase
in our advertising budget. We now spend about forty-three million dollars
a year in advertising and we decided to do that without benefit of ORSA,
unfortunately. From being able to ignore high school guidance counselors,
parents of potential enlistees and their coaches--those that influence

the youth--we found that we have to find ways to get them to work with us.
Suddenly too, commanders in the field, for example a Division Commander,
were told if you want to Command this Division get out and recruit it.

So recruiting became everybody's business.

Now in achieving the success that we had in fiscal '74 (and by the way we
were the only service of the four who reached their legislative end strength
as of last June 30th and this success is continuing into this fical year),
we took, again without benefit of any ORSA help because of the time involved,
a number of costly actions and a number of nominally low-cost actions which
nevertheless have reduced considerably our managerial flexibility and our
efficiency. Thus, whereas before we decided where a man would go and

what he would be trained to do, we find now that he and increasingly she
tells us what they will do and where they will go and this in a written
contract that is morally and legally binding. As is readily apparent these
new rules and constraints don't leave very much room for error. They
presume we know today how many men and women we ought to start training
tomorrow in which of about 800 skills to fill vacancies that will occur

up to a year from now in an Army the size of which and the force structure
of which will certainly change at least once between now and then by action
of Congress and more frequently by other people, notably the Deputy Chief

of Staff for Military Operations. If we make a mistake it is pretty costly.
We either have a skill mismatch and have wasted a lot of training money

or we have a breach of contract and we have to discharge the soldier or

we have a disgruntled soldier who is not likely to reenlist.
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To help manage under the changed situation that I have described and to
come as close as possible to putting the right face in the right place

at the right time which is all the Deputy Chief for Personnel has to do
to be successful, we invented a number of new policies all of which were
costly as I have indicated and all of which are in jeopardy now by opponents
either within the Army or without. I want to talk briefly about a few of
these. As I do I am sure you will see where we might have been able to
benefit by an ORSA analysis and where we may still be able to benefit

as we try to defend what we have done. First, we fought for and we got
an enlistment bonus, first of all for the combat arms for which we always
seem to need an edge in the marketplace over the other skills and the
other services. Later we got the bonus for a limited number of hard to
fi1l, hard skills which require long difficult training and high mental
capacity. The bonuses are offered only to upper mental categories who
are high school graduates and who agree to serve for four years. We use
about 50 million dollars of our precious money for this program and as I
have indicated there are those who would terminate it. That's why I have
asked the Concepts Analysis Agency to develop models to determine when an
enlistment bonus is cost effective. (That study was one (and as far as

I am able to determine the only one) of seventy items that were listed in
your seminar topics. So, I guess during this symposium manpower manage-
ment problems are getting a little more than one percent of the attention
of this group.) Now don't be fooled by the simplicity of that statement
because it is a very tough nut to crack determining when a reenlistment
or enlistment bonus is cost effective. It includes projecting, for
example, reenlistment rates. I have also asked the Concepts Analysis
Agency to determine how we might assure ourselves that a soldier who
takes the bonus for four years service remains in the skill for which he
signed up for the bonus. I have a recurring nightmare alternately of
Chairman Hebert and Senator Stennis riding from the Pentagon back to the
Hill with a Pentagon motor pool driver who they start to talk to and who
reveals that sure enough he signed up for a combat arms bonus and for the
last two years he has been driving a sedan in the Pentagon motor pool.
Well this latter study, determining how we may assure that a man who
signs up for a bonus for a particular skill stays in the skill, clearly
requiries a full understanding of the people distribution system of the
Army by the researcher and I maintain that is a far more difficult dis-
tribution system than the logistics distribution system though I could be
wrong on that. I know of three ways to make that possible, first of all
you can assign people who know the distribution system to do the research.
With the decrease in the Army staff, that is not possible. You can also
assign to the researcher an expert as a liaison person who knows the dis-
tribution system. Again that is not possible because the people running
the distribution system have enough on their plate every day not to have
to be involved with teaching somebody how the system works. The third
way 1s to ilmmerse the researcher in the milieu of the operator. With

the cooperation of CAA that is what we have done in this case. As an
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aside, my observation has been that unless an analyst and the eventual
user of an OR product work hand in glove from the very beginning of a

project, the result is not likely to be used by the Army. I'll admit

that is not a sufficient basis for success of an OR project but I rate
it as an indispensible one.

The second policy that we started to help us is the unit of choice or
station of .choice option which I have hinted about before. These options
permit an enlistee to be guaranteed up to sixteen months with the unit of
his choice after he has finished training. He can also choose the skill
in which he wishes to be trained and he can piggyback if he wishes a
combat arms bonus on top of those. That option, unit of choice/station
of choice, has done more to attract soldiers than any other thing we did
in the Continental United States. Apparently it is a no-cost option,

but it is not without its problems and I'd like to outline those to you.
First of all it demands a much finer quality of management on the front
end of an enlistment than we have ever known before. We must control
enlistments so that the popular units and stations don't get over sub-
scribed, and we have not done very well in that up to now. We must also
see to it that the unpopular skills and locations do get fully subscribed
because we only get one face for every manpower space that we are authorized.
The tool we created, with contract help, to solve this problem is known

as the Request system. It is a computerized system very like but more
complex than an airline reservation system, with a query and response
capability at each of our 64 main recruiting stations. Another problem
of these options is that they seriously reduce our flexibility in dis-
tributing people. Even if we capture every soldier when his 16 months

is up for an oversea tour (and generally we need them to fill Europe),

if he is on a three-year enlistment, he has only 14 months to do. This,
of course, in the face of the fact that OSD and the Congress are insisting
on pushing the enlisted tour toward the 30 month average and beyond. Of
course we would like to do that too because it avoids PCS costs and avoids
personnel turbulence which affects readiness.

These options also demand a much closer control on recruiters and on unit
canvassers. They require much closer coordination between TRADOC, FORSCOM
and the Recruiting Command than we have ever had before, because not too
long ago we had the CG of the 9th Division at Fort Lewis recruiting in
Jacksonville, Florida. And in Dallas on any fine Saturday afternoon you
could find unit canvassers at $25 a day per diem from two Armored Divisions,
an ' Air Mobile Division and two Infantry Divisions all competing for the

same people. So we were directed by the Congress in their last appropriation
act to justify in the FY 76 budget hearing the Unit of Choice canvasser
program and the size of the recruiter force which is now about nine thousand.
There is an excellent OR problem for you. Find and defend the smallest

or the least cost recruiting force necessary to satisfy the Army's quantity

. and quality requirements for enlisted accessions taking full account of
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the effect of advertising, the economy, the enlistment options and bonuses
and the varying requirements of the other services for recruits.

A third policy we established to help us is called the Trainee Discharge
Program. This was started a year ago last September and it reversed the
age old philosophy of the training base of the United States Army which
was ''Make soldiers out of anybody we send to you even if you have to re-
cycle them." to '"Don't let anybody graduate and enter a unit of the Army
unless he is a fine, qualified, well-trained soldier so that he won't
create administrative burdens once he has joined the unit. But in doing
that be sure you get him out of the Army before he's been in 180 days" so
that he doesn't qualify for any expensive Veterans Administration benefits.
And we made this discharge during training a very easy thing for the
training centers to do. Such a program increases our non-prior service
accession requirements annually by about 15,000 and wastes a lot of
training dollars but, it does permit us to overcome our inability to
measure a man's real ability before enlistment by validating his on-the-
job performance. Or less elegantly, one could say that it permits us to
take more below average people into the Army than we would like to have
and then to discharge those who can't, won't, or don't shape up. The
problem we now face with this program is proving to the Congress that it
is cost effective, something they believe should be relatively easy to

do since it has been running for fourteen months. As you can probably
see, the only dollar savings that we would have to offset the initial and
increased costs would accrue if the loss rate from the units for the
first term soldiers were to turn out to be lower than those in the units
prior to the time we initiated the program. Unfortunately, we won't have
enough data to do that until we have tracked cohort groups that started
last September for at least two years. The first of these cohort groups
won't finish two years until next September. So we have the reproblem
of convincing a skeptical and saving conscious 0SD, OMB and Congress

and we have perhaps too little data with which to do it. How shall we

do it?

The final policy change I will cover is the two-year enlistment option.
There 1s a law that requires any service which uses draftees also to
offer a two-year enlistment, so we have had a lot of experience in the
Army with two-year enlistments. We were fairly certain that we had to
continue them if we were going to get the number of soldiers we needed
during the first year of the all-volunteer Army. A year ago this month
we were having trouble making our enlistment goals. Our quality wasn't
as high as we would like it to be, and we were having trouble filling
Europe. So we sweetened this two-year enlistment by offering a couple
of either/or options. We offered to the upper mental categories either
training or skill of the man's choice, or we guaranteed assignment in
Europe. Now nobody likes two-year enlistments. They do not provide a
very good return on the investment of the training dollar, unless their
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reenlistment rates are considerably higher than three or four year en-
listees, and we don't know that yet. Typically though they create the
kinds of problems we try to avoid: 1large annual requirements for accessions
which move into the Army and out of the Army very quickly, they require

a relatively large training base and a relatively large recruiting force,
they are responsible for a lot of personnel turbulence, and a large piece
of the transient account. However, we have found that there are a lot

of men and women who, when they get out of high school, are not certain
of exactly what it is they want to do. Some of them don't have enough
money to go on to college, some of them are not even certain that they
want to go to college. But they know about the VA educational benefits
and in-service educational opportunities, so a great many of them are
willing to sign up for two years. Clearly the key question is how many
of these same people would sign up for three years if the two year option
were not available? And that is a question we cannot answer. We are
under great pressure to terminate the two-year enlistment for the reasons
I've outlined. Shall we do so on our own? Shall we try to‘defend three-
year enlistments on a cost-effectiveness basis? This means eventually
having to assign some benefit to having an authorized space filled as
opposed to not having it filled. Or shall we simply wait and be ordered
to drop two-year enlistments?

I might summarize these four policies, and I could talk about four or five
others equally as interesting, by estimating for you that the issue we now
face with the budget and inflation in managing this all-volunteer Army is
simply this: Shall we continue to spend essentially what we have been
spending on the personnel of the Army and raise quality, which we can do
because next year our accession requirements go down or shall we be satis-—
fied with the same quality we got in fiscal 74 and which we bragged a

good deal about and turn the savings back to the Treasury or into some
other Army program? Secretary Callaway has come down very hard on quality.
That is, for the same resources, get fewer of the lower mental categories
and get more of the high school graduates. But we do have a lot of
opponents in this and we are going to need all the ORSA help that is
available to defend ourselves.

Finally, I want to talk about minority representation in the Army and
specifically about black representation. We have two concerns: black
officer content is clearly too low--under 5 percent of the officer corps--
and black enlistments are proportionately much higher than the national
average of the military age group. We are enlisting blacks today at about

27 percent of all enlistees and' the black enlisted content of the Army at

the end of the last quarter was 21.9 percent. We have taken some steps

which we think will solve the officer problem: New ROTC in all-black colleges
and great recruiting efforts to get blacks into good ROTC's and to West

Point.
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On the enlistment side Secretary Callaway has first made clear that we
will never deny enlistment to any qualified candidate for any vacancy
based on race. He also feels, however, that the Congress and the
American public of all races want to have and need to have a representative
Army, racially, geographically, economically, and where tradition permits
sexually. There are about three major reasons for our concern. We are
concerned that Congress may be reluctant to support a draft free Army
becoming more and more racially imbalanced. We are concerned that blacks
would take a disproportionately high share of casualties in any future
emergency or war. And we are concerned .that there may be a point, and

we don't know this, in which the predominence of a racial minority group
will inhibit enlistment or reenlistment by a broad cross section of our
population in certain units or in the Army as a whole. There obviously
cannot and will not be any ceiling or quotas by race. However, Secretary
Callaway has directed, and we are proceeding now with a long-range plan
to insure that everyone has the opportunity to know about the Army's op-
portunities and to serve in it. We intend therefore to establish
enlistment goals throughout the United States for our recruiting hiarchy
that are proportionate to the qualified military availables in the
geographic area and hopefully to match our resources to the problem in
such a way that we do get a good geographic distribution rather than as
now getting a disproportionate representation from the Southeast and
Southwest US. At the same time we hope to draw a racial mix that is

much closer to the national average. I am sure you recognize that this
is a very sticky issue and in my opinion the only one that could possibly
jeopardize the all-volunteer Army. So there is a final problem for you:
Design the least costly set of legally and morally defensible policies
and actions to assure that the racial balance in the Army remains
acceptable to the American people and to the Congress.

In what I said I have raised many more questions than I have answered.

For those of you who habitually think in terms of hardware, force
structure, strategy and tactics, I challenge you to turn your best
thoughts to where the really big problems and the really big money are

and where the really big money can be saved. That is in manpower and
personnel management systems. In the final analysis, the size of the

Army force structure and the degree to which we can modernize that force
structure will depend in large measure, critically I think, on our ability
to manage more efficiently our manpower resources. We need your help.
Thank you very much.
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SUBJECT: Conceptual Design for the Army in the Field (CONAF)
AUTHOR: Colonel J.R. Witherell
AGENCY: US Army Concepts Analysis Agency

ORIGIN

The need for resource constrained force design became irrepressibly evident
to the Army in the late 1960's. At that time, the gap between force require-
ments and resource capabilities was fully exposed by the family of Army

plans and the studies which were spawned in response to two very different
sets of guidance. On the one hand was objectives-type guidance, on which

the force design community based its type forces. The result was a series of
relatively unconstrained forces which clearly were very capable while highly
demanding of people, equipment, and support. Obversely, capabilities-type
guidance reflected that structure, people, and materiel the Army could

really expect to have. Studies and analyses in this area generally sought

to reconcile requirements with reality while preserving some cognizance of
what the Army should have if it were possible. This dichotomy was fully
revealed when the combat development community presented its blueprint for
the mid 70's--the Army 75 Report. That document provided for powerful
division forces, modernized in anticipation of projected systems availability,
and supported adequately by the fully functionalized support echelons of the
Army in the Field. Unfortunately, not all the structure, manning, moderni-
zation, and support was reasonably attainable. Thus, a basic decision was
made to find another way to conduct the force design function, this time
within projected resource availability. The result came to be called

CONAF, and it evolved from the experience of the Army's Combat Development
Command in the force design area. It is an amalgam of several methodologies
and represents the integration of expertise and techniques relating to
resource projection, strategy, doctrine, materiel development, and force
structuring, all built around the fundamental idea of improving the
effectiveness of the Army's forces in the field.

METHODOLOGY

Development of methodology has been a central feature of CONAF since its
inception. The basic functions of CONAF--resource definition, force design,
and force analysis--require rather demanding methods and model applications
in their own right. Thus, the methodological challenge in CONAF was to
integrate the conduct of these functions in a comprehensive, consistent
manner while achieving reasonable efficiency. The diagram in Figure 1
graphically portrays the CONAF general methodology.
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Figure 1, CONAF GENERAL METHODOLOGY

At the beginning of the CONAF cycle, guidance is developed by the Army staff
concerning the framework within which the study is to be conducted. Scenario
guidance sets the stage and threat, force level/composition, and constraint
guidance establish the parameters for desian. Necessary assumptions are

then developed to further define the problem or, in some instances, to
simplify the design and evaluation tasks.

Resources are prescribed in terms of manpower, production capabilities, and
dollars. In extension of these expressions of overall resource levels,
guidance is usually stated in terms of 1imits on fluctuations on a fiscal
year basis and also among the various appropriations and prooram cateaories.
The result of this is to further define the guidelines within which force
design can occur.

The first step in carrying out force design activities is to project the
current approved force through the timeframe of interest. This is done to
establish a bench mark for purposes of costing, manning and structuring
alternative forces. Using the projected approved force as a "known," the
designer can better visualize the effects and relative contributions which
his conceptual and structural ideas will bring to the Army. This is
fundamental to all three functions identified in the general methodology,
for it enables the coster, designer, and evaluator to work in a commonly
understood medium. It also enables the decision maker to better understand
CONAF results and relate them to real world problems and issues.

A parallel approach is used by the analyst in assessing the performance of

the approved force and in comparing that assessment with the simulated
performance of the designed (alternative) force. In carrying out the
evaluation process, reliance is placed primarily on the outputs of the
Concepts Evaluation Model--a fully automated, deterministic, computerized
model designed to simulate large-scale, nonnuclear warfare between two
opposing forces. The force evaluator considers model inputs, model operations,
and simulation results in analyzing force performance. Using these indicators
in combination with strategic, threat, and scenario factors, he can then
develop insights as to the utility of a force alternative vis-a-vis that of
the projected approved force.
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EVOLUTICN

The initial CONAF report, CONAF I, was stronaly oriented toward methodology--
seeking to articulate the most useful way of integrating resource definition,
force design, and force evaluation--and toward the development of tools to
accomplish these functions. In the resource area, attention focused on economic
and cost analysis. It required the gathering of cost data for current and
developmental materiel, consideration of peacetime structure and equipment

plans on an annual basis, and the application of consumption and other

factors which act to prescribe the resource levels available to the Army.

For the force designer, the problem was to somehow marry type fofce design
techniques with resource parameters developed by the coster. The solution
eventually worked out led to a linear programing approach which used high
dollar value items as the pacing factor and attempted to maximize firepower
within dollar constraints. Using this technique a large number of plausible
dollar-related performance combinations were identified for refinement and
analysis of their potential. This approach remains at the heart of the
CONAF methodology.

Concurrently, the force evaluator was faced with the need to create a tool
for measuring the contribution of various resource combinations to force
performance. A model was required which would be sensitive to weapons

mixes and also reflect the support requirements necessary to sustain such

a force in combat. For this task, the Theater Combat Model developed at

the then Research Analysis Corporation in MclLean, VA, was selected, and
efforts to modify it were started. This model came to be called the Concepts
Evaluation Model, or CEM, and today rests at the center of the CONAF
evaluation methodology.

In retrospect, the CONAF I efforts produced the foundation for resource
constrained force design and identified the essential tools and individual
methodologies. While no immediately useful products emerged from this effort,
the feasibility of the approach was made evident.

For the CONAF II project, emphasis was placed on refining and improving
methodology and models and better integrating the CONAF process. Promising
force employment concepts developed during the initial project year were
earmarked for more detailed treatment. While progress was made in all
phases of CONAF, the bulk of the work focused on force design. In particular,
emphasis was placed on the interaction of combat and support concepts and
the fleshina out of weapons mix alternatives identified during CONAF I.

This work was accomplished within a framework of resource constraints, the
methodology for which was also being improved. During CONAF II, development
of the CEM was substantially completed and tests were conducted to determine
how well it would handle the challenging evaluation tasks planned for it.
CONAF II was clearly the year of the conceptual force designer.
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The recently completed CONAF III project brought to fruition the concept of
resource constrained force design. With the advent of the CEM as a dis-
criminating force evaluation tool, all elements of the CONAF methodology
could be adequately supported. The CEM enabled the evaluator to make
quantifiable judgments as to the merits of alternative forces. For example:

- a differing allocation of firepower between antitank and antipersonnel

- a different structure as between combat forces and support forces

- a greater or lesser commitment to logistic support
As developed for CONAF, the CEM was intended to be sufficiently sensitive
to variations in force composition and force employment concepts as to be
useful in force design. It was constructed so that conceptual forces, even
if designed against severe resource constraints and consequently not
differing grossly from one another, could nonetheless be differentiated
in their capabilities to accomplish a theater mission. The CEM, which has
the following predominant features, quite obviously satisfied its intended
purpose:

- Theater-wide, campaign-lona

- Fully automated

- Deterministic

- Resolves to battalion level for twelve-hour periods.

- Controlled by simulated commanders' decisions

- Sensitive to design-important force characteristics
Thus, CONAF III became the year of the evaluator because the increased
capability afforded by the CEM enabled the CONAF team to address problems
and issues of current interest to the Ammy.

CONAF_CONTRIBUTICNS

At the last Army Operations Research Symposium, CCL John R. Brinkerhoff
reviewed the objectives and methodology for CONAF I1I. 1/ Briefly,

CONAF III focused on a NATO First Scenario for 1986 but included, significantly,
a task to assist the Army staff in the development of the Program Objective
Memorandum for the period FY 76-80. CONAF I1I was intended to provide

analyses for both periods. For FY 80, an assessment of the programed

force was undertaken with a view to assessing its capabilities and limita-

tions and addressing to the extent feasible the force issues facing the Army.
For FY 86, alternative forces were designed and evaluated with a view to
identifyina promising force concepts for the NATO mission.

1/ Proceedings, Twelfth Annual US Army Operations Research Symposium,
Z2-5 October 1973.
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Both tasks were accomplished and observations backed by quantified
analysis 2/ 3/ were submitted to the Army staff earlier this year. These
results are summarized in Figure 2, somewhat abbreviated due to security
considerations.

Resource reallocation within equal cost constraints is a useful
design option.

Resource constraints govern the extent to which design changes can
be realized--even over a 12-year period.

The planned structure of the force does not appear consistent with
projected personnel and weapons replacements.

Current employment concepts will generate high losses.

Force performance is highly dependent on planned levels of
logistic support and replacements.

Figure 2, CONAF III - Observations
The collective impact of these observations has been to focus renewed
attention on ways to:
- maximize early combat capability in Europe
- treat combination scenarios
- improve the balance between deployed and reinforcing combat units

- improve the balance between theater and CONUS stocks and post-D-day
production.

- develop more supportive manpower policies and plans in peacetime to meet
wartime requirements.

These observations imply a great many ramifications for force designers as
well as those engaged in the daily work of managing Army resources and
pianning for the support of the Army's wartime tasks. The utility of CONAF
in this area is evident from the kinds of analyses it is capable of
conducting as evidenced by the observations listed above.

2/ USA CAA, CONAF II1 FY 79 Approved Force Warfighting Capability,
December 1973.
3/ USA CAA, CONAF III Final Report, August 1974.
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Another way of assessing the contribution of CONAF, and its utility or value
to the Army as a product of operations research, is to list the kinds of
questions that CONAF can address. Figure 3 is derived from an appreciation

of the capabilities demonstrated by CONAF as it exists today. These questions
are posed somewhat cryptically, with the intent of eliciting responses which
would generate a dialogue and thus create some guidance as to how CONAF should
be oriented in the future.

Short War - retreat or opportunity?
Tooth-to-Tail - sense or rhetoric?
Are there real opportunities in novel defensive concepts for NATO?

What kind of NATO rationalization and specialization offers advantages
for US forces?

Does the high-low concept result in measurable improvement in Army
force performance?

Can strategic deployments be improved by re-balancing forward deployed

units, readiness, strategic 1ift, prepositioned material (POMCUS),
and stocks?

Figure 3, CONAF QUESTIONS

In summary, CONAF contributions can be generalized as a demonstrated ability
to provide analytical assistance for decision making in four areas:

force capability - resource requirement quantifications

internal force balance within a given scenario

force support problem identification

force development process integration

Today, the CONAF capability resides in the US Army Concepts Analysis Agency.
It consists of accumulated CONAF experience and familiarity with the
methodology. The models which are employed in this methodology also belong
to the agency, to include the CEM, which was brought in-house this year.

A Tisting of the models currently used for each phase of the methodology

is shown in Figure 4.
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FAS -
Force Accounting
System

FCIS -
Force Cost Infor-
mation System

ubs -
Unit Data System

ATLAS - A Tactical,
Logistical, and Air
Simulation

BN SLICE - Modular Force
Planning System

PFD-SAM - Preliminary
Force Design Simulation
Allocation Model

FASTALS - Force Analysis
Simulation of Theater
Administration and
Logistics Support

CAMP - Computer Assisted
Match Program

CEM - Concepts
Evaluation Model

TARTARUS - Computer
Assisted Wargame

SMOBSMOD - Strategic
Mobility Simulation
Model

Figure 4, MODELS

Other models are being added to this 1ist as we pursue the continuing task

of improving CONAF methodology.

In addition, improvement of the CEM is in

progress and expansion of its capabilities in the combat support area is

under consideration.

It should be pointed out that while the CONAF capability resides in the

Concepts Analysis Agency, the conduct of CONAF-type studies requires some
interaction with other parts of the Army. In particular, this includes the
production and materiel development communities within the Army Materiel
Command and the combat development community, with particular emphasis on
the exercise of that function within the Training and Doctrine Command.

CONAF IN FY 75

Turning now to the future, CAA has investigated opportunities for employing
the CONAF methodology in support of high priority, as well as mission
oriented, projects. As a consequence of describing current CONAF capa-
bilities to a number of Army elements, the scope of the FY 75 program
emerged as follows:

- Wartime Active Replacement Factors (WARF)
- Force Analysis and Capability Evaluation (FACE)
- CONAF 1V
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The orientation of each of these projects is discussed in the following
paragraphs. In each case, the CONAF methodology has been modified to
support the project objective in the most appropriate manner. Central to
all of these applications, however, is the use of the CEM as the principal
generator of analytical data.

WARTIME ACTIVE REPLACEMENT FACTORS (WARF), PHASE III

The WARF III Study is being sponsored by OCRDA and was formally tasked to
CAA on 22 April 1974 as a continuation of the Phase II effort to improve
estimation of Wartime Active Replacement Factors. These factors are used
as inputs to the planning, programing, and budgeting system (PPBS) to com-
pute combat consumption and pipeline requirements. In the past, they have
been developed in accordance with policies specified in AR 710-60 and in
part based on judgment. The current WARF's are possibly outdated and lack-
ing in credibility for various reasons.

In this phase of the WARF study, CAA will produce computer programs and a
user's guide required to implement the WARF II system design, test adjust-
ment of attrition factors, and provide WARF's for P-20 materiel items.
Further, CAA will develop attrition factors for CEM by utilization of
higher resolution models. Other objectives are to:

- Provide documentation and rationale for CEM attrition calculations.

- Develop formats and related user-level instructions for system
inputs and outputs.

The general methodology employed in this study uses the Concepts Evaluation
Model (CEM) to develop simulated loss rates. These were evaluated as candi-
dates for replacement of the historic loss rates pertaining to major tactical
items of equipment; namely: tanks, light-armor, helicopters, antitank
weapons, and mortars, all of which are played in the CEM. The WARF's for
these items are to be developed based on the resultant CEM outputs.

In an effort to obtain "compatibility and consistency" among CAA study
efforts, the WARF study emphasizes several 1mportant aspects of the CONAF
methodology. These are: (1) the PFD-SAM model is used to develop the
deployment schedule; (2) the simulations are based on a common scenario;
and (3) the CEM-generated loss rates for the major tactical items of equip-
ment are utilized in developing the WARF's. It should be noted that the
WARF study deals exclusively with the analysis of "equipment attrition"

in exploiting CEM capabilities. Other measures of effectiveness (e.g.,

FEBA movement, personnel casualties, etc.) addressed in the CONAF methodo1ogy
will be reviewed to determine consistency of results and, thus, to assure
that attrition data and these MOE are in reasonable.agreement.
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FORCE ASSESSMENT AND CAPABILITIES EVALUATION

During the past several years, the Army staff has attempted through the
Total Force study efforts to provide the most suitable basis for the
development of the Program Objective Memorandum (POM). Total Force studies
have established force structures which are required to accomplish the US
Army portion of national security objectives. In addition, these studies
have attempted to develop and use analytical methodologies to provide a
firmer basis for identifying and justifying required force structure. This
year the Force Assessment and Capabilities Evaluation (FACE) has been
integrated into the Total Force study effort and tasked to provide:

- An assessment of the warfighting capability of the projected force
and selected alternative forces in the FY 80 timeframe.

- An assessment of the impact of war reserve availability on warfighting
capability.

- An assessment of the impact of personnel replacement policies on war-
fighting capability.

- An analysis of the capabilities of projected service support forces.

A modified CONAF methodology will be used to accomplish these tasks, using

a CEM simulation of the projected approved force (POM 80) in combination
with other model results to identify any internal imbalance and establish

a basis for examining structural changes. Of particular importance will be
the conduct of analyses aimed at prioritizing support unit requirements for
the NATO conflict situation. Alternative deployments and roundout schemes
will be simulated, as well as alternative force combinations (within current
force guidance) in order to obtain an analytical basis for influencing

POM 81 preparation.

CONAF IV

The continuity of the CONAF effort under the aegis of the Deputy Chief of
Staff for Operations and Plans (DCSOPS) is important because of its unique
capability to assess the impact of current and projected plans and programs
of the Army in the Field in the mid-range period - the mid-1980's. The
prime reason for CONAF IV hinges on a need for the Army to look downstream
from its near-range planning and programing efforts in order to determine
what the broad characteristics of the Army in the Field should be in the
mid-range, considering: forecast missions and tasks; the projected
availability of manpower, dollar, and materiel resources; and the assumed
threat.

4]




The CONAF IV study objectives are as follows:

- Within projected resource constraints, develop conceptual forces
which recognize the current trends in US defense policy and have a
potential to improve on the capabilities of the projected approved force
to accomplish Army objectives and missions at end FY 87.

- Improve CONAF methodology and models for application to the develop-
ment and evaluation of force design alternatives.

The methodology for CONAF IV requires that a base case force be defined
for end FY 87, with manpower spaces and costs determined in order to
establish resource parameters for subsequent development of conceptual
force designs. Concepts will progress through definition, pilot design
and full force design stages. During the pilot force evaluation phase,
analysis will focus on the sensitivity of the design to evaluation and

its potential for improving Army capabilities. Given positive results
from the pilot stage, a full CONAF treatment will be applied to the con-
cept and its associated force design. If negative indicators are
obtained the concept will be documented and placed in an inactive status
for reference or future consideration under different conditions. Various
computer models, in addition to the CEM, will be used in analyzing force
design potential. The specific models to be used will be determined by
the design characteristics of the force to be analyzed. However, in ‘the
process of -comparing a specific conceptual force with the base case force,
the same set of models will be used to facilitate comparative analysis.

SUMMARY

Where CONAF interactions to date have focused on developing and demonstrating
a useful methodology, the FY 75 program of CONAF-based studies will mainly
support the resolution of current Army problems. This is appropriate and

is indeed a long-sought goal among those who have contributed to its develop-
ment over the years. However, CONAF IV will continue the evolution of

this methodology and pursue the design and evaluation of conceptual forces
within resource constraints as was visualized from the beginning of this
remarkable project.
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THE MEDICAL PLANNING PROJECT

Mr. Joseph G. Stenger
Captain James H. McEliece

US Army Logistics Center

INTRODUCTION

The medical planner at various levels of the US Army is re-
sponsible for designing medical organizations capable of providing
responsive medical support to Army units in combat. In performing
this function, the planner must make two basic judgments. First, he
must assess how many and what types of patients are likely to result
from anticipated tactical situations. Second, he must determine the
medical resources required to provide an acceptable level of support for
those projected patient loads. A medical planning study, '"Medical
Planning Factors" (MEDPLN), is being conducted by the US Army Logistics
Center at Fort Lee, Virginia, to improve the medical planning process
by applying operations research/systems analysis techniques. The study
is being conducted for the Academy of Health Sciences at Fort Sam
Houston, Texas, which is responsible for a variety of medical planning
functions including the development of medical TOE (Tables of Organ-
ization and Equipment).

BACKGROUND .

Initially, the idea of developing a sophisticated ''tool" to plan
for Army-in-the field medical units began in the early 1960s at the
United States Army's medical center at Fort Sam Houston, Texas. At that
time, a contractor developed a complex computerized Hospital Model.

This model was designed to accept patients as inputs and to simulate
processing the patients through an Army field hospital.

The organization that initiated the contract for the early work
later became the Medical Service Agency of the US Army's Combat
Developments Command. This Medical Service Agency recognized the need
to develop improved medical planning factors so that medical planning,
to include inputs to the Hospital Model, would be realistic. This
need for improved factors resulted mainly from advances made in warfare
and in protective devices, from advances in medical knowledge, and from
the emergence of guerilla and counterguerilla warfare. As a result, the
Medical Service Agency initiated the Medical Planning Factors study in
1972. The 1973 reorganization of the Army incorporated the Medical
Service Agency into the Academy of Health Sciences, still at Fort Sam
Houston. The conduct of the study remained the responsibility of the
Logistics Center and will be completed by February 1975.

STUDY APPROACH

For purposes of this study, medical planning factors were defined
as multiples, constants, or factoring rates that can be related to
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appropriate strengths and missions to provide estimates of patient
admissions, medical workloads, and medical resource requirements in
terms of personnel and medical units. Purposes of the MEDPLN Study
are to develop improved patient admission rates and to develop a
methodology which can be used to develop the other types of medical
planning factors.

Patient admissions include wounded-in-actions, disease cases, and
non-battle injuries. These categories have been further refined by the
Academy of Health Sciences into 75 classes of patient medical conditions.
In each of the 75 classes the "patient rate" is expressed as the number
of US Army personnel admitted to Army-in-the field medical facilities
per day per 1000 troop strength.

The approach taken for developing patient admissions was to first
determine the variable conditions that could influence patient rates.
These conditions were determined by Medical Service Agency and
Logistics Center personnel and are shown in figure 1. The selection of
these independent variables was governed by available resources, money,
and most important, the availability of the data.

At this juncture, the US Army Chief of Military History was drawn
into the process. He selected a number of representative battle
actions from World War II, the Korean War, and the Vietnam War for each
combination of the independent variables. Experimental analyses were
then conducted by Logistics Center and Academy of Health Sciences
personnel to correlate various combinations of the independent var-
iables with existing medical data from the three wars. Once this
procedure proved feasible, a contractor was engaged to perform the
detailed data collection. This data collection effort involved
collecting operational data (e.g., unit strengths, type posture) for
each combat action identified by the Chief of Military History,
computerizing the operational and medical data, and combining the
operational and medical data into a set of summary files. This effort
was completed on 30 September 1973 and an automated medical/operational
data base, consisting of 28 separate files, now exists on the Control
Data Corporation 6500 computer system located at Fort Leavenworth,
Kansas.

The hiring of a contractor to collect and automate the required
data was necessary because of limited resources available at the time
within the Logistics Center. However, despite the best efforts of the
contractor and the MEDPLN team, the resulting data base contained
numerous errors and inaccuracies. As a result, many man-months of
effort have been expended by the MEDPLN team to correct the data base.
This issue is not raised in an attempt to establish blame, but only to
emphasize the risks inherent in divorcing the data collection
responsibility from the data application responsibility.

The data base was structured to permit a statistical analysis of the
data for purposes of gaining insight into the influence that the
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Figure 1

selected independent variables have on the number and type of patiente.
The statistical analysis involved the use of computerized analysis of
variance packages for analyzing various scenario combinations of

World War II and the Korean War. The results of thae Korean analysis
show that the selected independent variables explain at most 35

per cent of the variance in patient rates. This result only em-
phasizes that numerous other factors are contributing significantly

to the occurrence of combat casualties. However, ag mentioned
earlier, data on these other factors were not obtained because of the
limited resources available to collect the data and the limited amount
of data recorded on the other factors.

RESOURCE REQUIREMENT METHODOLOGY

The methodology developed by the MEDPLN team to use in cowmputing
various types of medical planning factors is shown in figure 2. This
methodology addresses the two primary requirements of medical planners
identified in the MEDPLN Study.

The first requirement identitried was to develop improved patieni
rates. The data on the summary files were analyzed to provide hospital
bed occupancy rates for the Office of the Surgeon General (OTSG). These
‘rates include only that portion of patient admissions who occupied a
hospital bed. OTSG can use these rates to update field manuals con-
cerned with theater.level resource requirements, as well as inhput the
rates to an existing Patient Flow -Model for determining Army-wide
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medical requirements. The analysis of the summary file data has also
provided patient admission rates that are currently being used by the
Academy of Health Sciences to update portions of field manuals for
which it is responsible.

The second requirement identified was to develop an analysis tool
to assist in estimating resource requirements for combat zone medical
support. This requirement was met by providing high resolution computer
simulation models. The MEDPLN automated data base was used to provide
rate distribution tables and patient disposition curves. The existing
Academy of Health Sciences' Hospital Model can be used to analyze
resource requirements for combat zone hospitals. The MEDPLN team
developed a Patient Workload Model to interface between the data base
and the Hospital Model and to provide an analysis of medical resource
requirements at combat division level. Details of this patient Work-
load Model are discussed below.

THE PATIENT WORKLOAD MODEL

The general purpose of the Patient Workload Model is to fill the
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gap in the. MEDPLN methodology for determining medical resource
requirements bétween the automated data base and the existing

,_Academy of Health Sciences Hospital Model.~ Its specific purposes.
are to:

Génerate a realistic patient ‘load impacting on the - .
Army-in-the field medical system based on the MEDPLN improved patient
rates. .

Simulate the processing of patients within the division
level medical system, providing reports useful to medical planners.

Deliver patients to the Hospital Model in a manner suitable ,
‘for further processing.

.

The portion of the Army medical system addressed by the Patient
Workload Model is shown in figure'3. The unit of interest is a combat
division in .a tactical posture and its fimediate support. The medical’
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units of interest are the Battalion Aid Stations (Ba3) associated

with each battalion of the committed brigades, the reserve

Battalion Aid Stations (RESBAS) associated with the battalions of the
reserve brigade, the Clearing Facilities (CF) located in each brigade
area and the DISCOM, and the hospitals directly supporting each
committed division (Consisting of some mix of combat support hospitals
(CSH) and evacuation hospitals (EVAC)). A typical flow of patients
might be as shown by the arrows in the figure.

The Patient Workload Model must perform two basic functions:
First, it must generate a realistic patient stream; and second, it
must process the division level patients from the front door of the
the BAS to the front door of the hospitals. Since these are basically
different and distinct functions, the Patient Workload Model was
divided into two submodels. These submodels are the Patient Generator
and the Division Processor and each is discussed inturn below.

As its name implies, the Patient Generator performs the function
of generating the stream of patients impacting on the medical system.
The first requirement of this model is for the user to specify in
detail a scenario in which he is interested. The items shown in
figure 4 specify the general nature of the scenario. Notice that
several periods of a variable number of days each will allow the user
to vary the conditions under which the tactical unit operates.

Attention is directed to the items in columns 2 through 6 which
are cross-related to the MEDPLN data base. The data base will provide
patient admission rates for each of 75 classes of injuries and diseases
for combinations of these 5 factors. For example, rates will exist
for leg wounds in Korea (Column 2), mountains/cold (Column 3), mid-
intensity conflict (Column 4), an infantry division (Column 5), in the
attack posture (Column 6). Given these or similar sets of factors,
the MEDPLN data base can be entered and appropriate patient rates
randomly selected. The patient rate is next combined with unit
strength (Column 7) to arrive at the number of patients per patient
class per day to be generated within the modeled scenario.

The inputs on the center part of the figure describe the partic-
ular combat division being modeled, further refining the scenario
and structuring the medical system within the division.

The corps level patients to be treated by the hospitals under their
area support mission are calculated in a similar manner from the user
inputs shown on the lower part of the figure.

Once the number and type of patients to be generated are calcu-

lated, other information must be provided to ensure each patient is
properly processed. The following items are computed for each patient
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generated to facilitate this processing:
Patient class number
Patient processing priority
Litter/ambulatory status
Time of entry into the medical system

Point of entry into the system

Total days required to complete the medical case

Final disposition .

Ultimate destination within the modeled syste
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Ag -each patient is generated, his data record is written on a magnetic
tape. ‘When all patients ‘have been generated, the records are sorted by .
“the patient s time of entry into the system and the tape is delivered
for processingby the other models. )

At this point the division processor submodel is ready to be
exercised. This is the actual simulation portion of the patient
worklead model and basically respresents a multi-channel, multi-server,
multi-level queueing system, as shown in figure 5. 0 '

The patients are selected one at a time from the input tape when
they .are scheduled to enter the system. They arrive at their-
appropriate impyt facility and enter a queue to await treatment. When
the necessary treatets are available, they are given the treatment they
require and are' then dispesed of. Their, disposition may be that they ,
die or return to duty at which time tﬁe‘model is through processing them.
If they require further treatment, they enter an evacuation queue
until an evacuation -vehicle is availahle to transport them to their
next destination. The process is ‘then repeated until they die, return
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to duty or reach a hosptial, at which time they are written out on a
tape for further processing by the Hospital Model.

The key to the resolution achieved by this model is the fact that
the model keeps track of each patient in the system as he is processed
through the system. At the time he enters the system his patient pri-
ority is checked and he enters a treatment queue behind those patients
of a higher priority and those of the same priority who arrived earlier,
but ahead of all patients with a lower priority. Then a series of
work units that this patient requires is determined based on his patient
class and the level of the medical system at which he is located.

These work units are medical procedures that a panel of medical
experts determined would be performed on each class of patient. The
expert panel specified the work units, the sequence in which they
would usually be performed, the treater to perform them,and a range
of time required for each treater to perform each work unit.

Next, the model searches each patient in the treatment queue,
determines the next work unit required, and determines the preferred
treater to perform the work unit. It then tests whether that treater
is available at the current time; if not, it will attempt to select
an allowable alternate treater. If no treaters are available, this
patient remains in the queue and the model goes on to check the next
patient. If a treater is available, the patient is removed from the
queue, placed in the treatment area and the treater becomes available.
The model then calculates a random time for the given treater to
perform the required work unit and schedules the patient out of
treatment at the appropriate time.

When the patient leaves treatment the treater returns to avail-
ability and one of 2 types of things can happen to the patient:

If there are more work units to be performed on him at this
facility, he goes back into the treatment queue and repeats the process
just described.

If his treatment is completed, the model determines his next
destination, based on his final disposition, final destination and
total days for completed case. One of three things will happen to him
at this point: (1) if he is due to die and his time of death has been
reached or exceeded, his death is recorded and he leaves the system;
(2) if he returns to duty from this facility, he is placed on quarters
until his total days for completed case are up at which time he also
leaves the system; (3) 1if his destination is further in the system, he
enters an evacuation queue, based on his patient priority, to await
evacuation.

The evacuation system is based on the use of both ground and air
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ambulances, and 4 evacuation options exist. These options specify
whether each patient priority will normally be moved by air or ground
in this particular scenario.

In keeping with medical doctrine, evacuation assets are normally
located at the supporting facility and must travel to the supported
facility to perform the evacuation. An exception here is that ground
ambulances from the supporting facility may be prepositioned at the
supported facility to provide more rapid response to evacuation
requests. The user is able to specify how many patients of each pri-
ority are required to justify the dispatch of each type of evacuation
vehicle. As soon as enough patients are ready for evacuation, and if
there is a vehicle available for use, it is dispatched to perform the
evacuation. This vehicle is filled with all the patients available, or
all it can carry, with highest priority patients loaded first. The
- travel time to the supporting facility is then calculated based on a
random distance between the two facilities and the average travel speed
of the vehicle. At the completion of the trip, each patient evacuated
is placed in the treatment queue of the receiving facility and the
evacuation vehicle is returned to its originating facility. At this
point, the process repeats itself again.

As stated earlier, the model was required to produce reports on
the functioning of the medical system. The design of a model's output
reports depends primarily on the types of questions the model users wants
to answer. Many conferences were held with the Academy of Health Sciences
to determine exactly what the analysts needed to know. Then a series of
standard reports were designed to describe the system's operation for
each day simulated by the model. For example, one of these reports
describes the utilization of the medical treaters in the system. The
data is listed by type of treater at each facility and presents
information concerning:

How many treaters of each type are assigned at each facility.

How many hours each day the average treater spent performing
medical work units.

How many times each treater's services were requested when all
the treaters of this type were busy at the time of the request.

Antoher standard report deals with evacuation vehicle utilization
and presents data for both ground and air ambulances. This report
shows, by facility:

The number of ambulances of each type assigned.

The number of round trips made by these vehicles.

The average utilization of each vehicle (in KM's traveled and
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hours in use).
The average number of patients carried on each trip.

And the number of times the use of a vehicle type was
requested when none were available.

These are only two examples of the eight standard reports
printed for each simulated day. There are also reports for the
operation of the entire system, the patients generated and disposed of
at each facility and the treatment and evacuation processes at each
facility.

However, the standard reports are by no means all the information
the model can provide. The fact that the model keeps track of what's
happening to every single patient at all times provides the capability
of extracting a wealth of highly specific information. For instance,
the exact time the surgeon at the division rear clearing facility spent
performing tracheotomies on severe thorax wound patients could be
reported. The only requirement is for the model user to specify
exactly what information he needs so the programmer can enter the model
and extract the desired data.

The kinds of information this model is capable of providing
indicate a wide range of potential uses. Obviously no one would think
of saying that under the conditions of a given scenario any specific
patient workload produced by the Patient Generator would occur exactly.
However, the workloads are typical of those that might occur and can be
used to examine the adequacy of the supporting medical system. The
following kinds of analyses are relevent:

The effect of peak loads on the system can be assessed. If
the system is normally processing in the neighborhood of five hundred
patients a day and suddenly receives a one day load of a thousand
patients is the system flexible enough to respond? Would additional
resources be required? How many days could a peak patient load be
sustained before augmentation would be required?

The existence of bottlenecks in the system can be examined.
How many battalion aid stations can be supported by a clearing facility
before the clearing facility becomes overloaded and begins to disrupt
the timely flow of patients?. What resource augmentation would be
required to eliminate a given bottleneck?

) The adequacy of treater resources can bé 'assessed. How does
the assignment of one more surgeon to a clearing facility affect treater
utilization and the times patients spend waiting for treatment? Should
some work units be shifted from one treater type to another considering
the numbers of each type available and differences in the times
required for work unit performance?

53




The adequacy of evacuation assets can be examined. Should
ambulances be prepositioned and if so, how many? Should air or ground
ambulances be used predominately and under what circumstances. What
effects do larger or smaller patient loads required for vehicle dispatch
have on vehicle utilization and the times patients wait for evacuation?
Is there an optimum mix of these factors and if so, what is it?

The effects of patient holding policies at each level of the
system can be determined. If the clearing facility can hold patients
for five days rather than three, what increase in treatment resources
is required and what reduction in evacuation assets accrues?

The types of questions indicated above can be answered by the
Patient Workload Model through extensive sensitivity analysis. The
resulting answers should significantly assist medical planners within
the US Army medical community, in the development of medical TOE's and
doctrine for the employment of medical units.

CONCLUSION

The Medical Planning Factors project has developed new patient
admission rates for various scenarios of combat conditions of World War
II, the Korean War, and the Vietnam War. These rates now exist along
with medical statistics from the Korean and Vietnam Wars, on a readily
accessible automated data base. The project has also provided an
automated tool, the Patient Workload Model, for evaluating and
estimating medical resource requirements for Army-in-the field medical
units. Finally, the MEDPLN project is currently analyzing the effects
various combinations of selected combat conditions have on the number
and type of patients.
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THE SURVIVABILITY OF PERSONNEL AND
MATERIEL IN A COMBAT ENVIRONMENT

Mr. Keith A. Myers

US ARMY MATERIEL SYSTEMS ANALYEIS ACTIVITY

Many of the weapon and materiel oriented papers presented here, as well

as at similar symposia elsewhere, deal with the capability of weapons to
inflict casualties or damage materiel or with the capability to perform
some specified function or mission. As we progressed in the sophistica-
tion of our analyses, it became more fashionable to consider reliability
and eventually the full scope of RAM---Reliability, Availability and
Maintainability. However, there is an aspect of system performance
closely related to RAM (in fact, one might define it as combat induced
RAM) which I believe has had much less attention than it deserves; and
indeed than it requires in these days when we must extract every ounce

of combat capability from our defense dollars. What I am talking about

is placing more emphasis on, and devoting more of our energies toward,
the improvement of svstem survivability. We have, fo be sure, not com-
pletely ignored system survivability. In combat simulations and wargames
we do generally consider attrition on both sides, and for a number of
vears BRL and AMSAA collected combat damage data on airéraft for the pur-
pose of developing the data necessary to identify potential payoff areas
for increasing survivability. However, what I would like to discuss with
you today is & more subtle, and quite possibly, a more important aspect.

I am concerned with the survivability of the system itself as the princi-
pal topic of analysis; not just as an input incidential to an effective-
ness analysis or just the identification of vulnerable components.
Questions to be addressed in such analyses include evaluation of alterna-
tive design features affecting survivability, field expedients and tactics
of employment to increase survivability, etc. A further area, almost to-
tally neglected as far as I am aware, is the use of survivability analysis
as a basis for influencing procurement and stockage of repair parts,
maintenance, training and planning, etc. It appears that in many cases
we may estimate our replacement parts stock more on the basis of our
expected wear associated attrition than on combat attrition. This can

be quite significant since repair of combat damage may require replacement
of a major subsystem rather than just components comprising the subsystem.
This not only leads to inefficiencies such as having to assemble sub-
systems from their component parts in the field but may create further
difficulties where an imbalance in component availability limits the
ability to construct the subsystem. The irony of the situation is that
the modeling necessary for the analysis is not all that difficult. 1In
fact, several vears ago when comparing attack helicopters of-differing
complexity we modified our combat simulations to estimate not just the
probability of the total system being "killed" but to also estimate what
non-attritional damage was done so that we could examine comparative times
to repair the returning aircraft.
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A further area of concern is that at the present time we appear to be
concentrating our limited efforts to study survivability mainly on wea-
pon systems and not too much on our logistics system. We hear stories
from the mid-east of the inability to resupply artillery units because
of successful interdiction by the enemy. What difference does it make
in the final analysis if the gun can't fire, whether it is damage to
the gun or a lack of ammunition or repair parts which temporarily puts
the weapon out of action? What I would like to do in the remainder of
the time available is to discuss some of the things we have done or are
doing, not by way of bragging (for we reallv have't done enough) or not
so you can sit back and say "Hev, that's nice that AMSAA is taking care
of that," but rather in hopes of stimulating your imagination and acti-
vity to undertake similar efforts in your own areas of concern.

One of our earliest efforts in the area of survivability---stretching
back almost two decades-~--is our concern with helmets and body armor as
a means of increasing the survivability of the fighting man. The ques~
tions of greatest interest in these analyses have been whether new
materials recently developed really offer significantly greater protec-
tion when incorporated into the personnel armor system. Typically, one
is interested in either the extent to which casualties are reduced (or
the severity of the wound lessened) or the extent to which the weight of
an item of personnel armor can be reduced while maintaining the same level
of protection. Variations of the standard lethal area programs are used
in these analyses. These programs have been modified so as to allow a
consideration of the effect of the helmet or body armor on fragments im-
pacting on that part of the body covered by the helmet or body armor and
to consider the severity of the resultant wound.

This effect is reflected in the model through the use of input data which
allow one to estimate the extent to which penetrator velocity is reduced
when it strikes the body armor or helmet.

Alternative casualty criteria are available to allow one to examine either
the reduction of battlefield deaths or to examine the reduction in severity
of the wound. It is possible, with minor extensions of the methodology

to examine tradeoffs between areal density of the armor and body area
covered for a fixed weight 1limit to obtain maximum protection, although

not too much work has been done on this aspect so far. Results of these
analyses, as stated above, are generally expressed in terms of percent
reduction in deaths or severly wounded and are reported in various class-
ified documents,

Another area with which AMSAA has been concerned for quite a period of
time is survivability of surface to air missile systems.

In these analyses we must consider the SAM site as a complex target con-

sisting of many interrelated components. In assessing damage to the
targets one must be concerned with these functional relationships between
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components and their importance to the efficient functioning of the fire
unit. For example, there may be three generators in the site but if any
two are recuired for the site to function, then at least two must be
killed to degrade the performance of the unit. 8imilarly, if there are
multiple launchers at the site, one might completely disable the site by
either disabling all missiles on their launchers, "knocking out" all
launchers, some comtination of the above which leaves no operable mis-
siles on operable launchers, perhaps by knocking out the Battery Control
Center (BCC) (if it is not possible to operate from an alternate BCC or
in another mode) or by whatever other damage will leave the unit unable
to successfully engage for the specified time period. It is beyond the
scope of this paper to detail the programs used to conduct these analyses
but basically they consider the munition delivery pattern on the target
SAM site and the fragmentation or blast pattern thus created to predict
hits on components and cables in the site. Appropriate vulnerability
data then allow a prediction of component and cable kill probability. By
considering the functional relationships of these elements one can deter-
mine the probability that the site is unable to fire or the extent to
which its capability to fire is degraded. These programs are useful for
examing susceptibility of the site to damage by various weapons under a
variety of attack tactics, the effect of site component dispersal or
component location, the value of redundancy or the value of field exped-
iencies such as revetments or burial of cables. One may also examine

the effect on site survivability as selected components are hardened.
Several studies of this type have been made in the past and are described
in various reports.

A more recent expansion of this work, which has been described in some
detail in a paper presented in the Weapon Effectiveness Working Group by
Mr. Halahan of AMSAA, extends the analysis to consider a two sided en-
gagement involving attack tactics and relative detection capabilities.

In this expanded analysis, a formation consisting of several groups of
aireraft are assumed to fly toward the general location of the site.

They know the general location of the site but must detect the site it-
self visually in order to convert to an attack. If one of the groups of
aircraft detects the site and converts to an attack, it is assumed that
all following groups will also be able to attack the target. The missile
site may engage the attacking aircraft to the extent of its capability

as limited by terrain, rate of fire, missile supply and other tactical
considerations. The model is designed to compute the probability of the
site being killed by the aircraft that convert to attack the site and
survive long enough to deliver their ordnance and the probability of the
SAM site surviving such an attack. This type model allows one to comnsider
the effect of such factors as the probability of site detection (possibdbly
useful for weighing the value of camouflage), site configurations, rate
of fire, single shot kill probability, etc.

Viewgraph 1

One can also consider the effect on total site survivability when harden-
ing various elements of the site.
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Viewgraph 2

One might also wish to look at how the reaction time of the site affects
its survivability as shown in the next viewgraph.

Viewgraph 3

In the last year, AMSAA has made a first crude attempt to look at improv-
ing survivability in the electronics and communications area (from a
ballistics threat standpoint).

Because of the lack of detailed vulnerability data at this time, it was
not possible to model the electronic package in detail or to examine the
effect of component locations or mutual shielding components in the analy-
sis. Rather, we have simply treated the equipment as a vulnerable body
and assessed the protection achieved by applying varying amounts of pro-
tective material around the equipment. For equipment which might be
located anywhere within potential target areas we have used such measures
as percent reductions in lethal area (equivalent to an estimate of the
percent reduction in equipment damaged) as a result of the bursting shell.

Viewgraph k4
Viewgraph 5

Where the piece of equipment is such that it might be the aimpoint for
the attack, one can consider the delivery accuracy of the attacking wea-
pon and compute the probabilitv of the piece of equipment being "killed"
in the attack.

Viewgraph 6

More recently we have looked at the vulnerability of an artillery position.
In this analysis we address such questions the relative survivability of
towed and self propelled Howitzers and their crews and the survivability
of the unit's ammunition. The value of revetments and selective armoring
are also examined. The hazard considered consisted of enemy counterbattery
fire in varying amounts. Delivery accuracy of the counterbattery fire

and fragmentation pattern of the multiple rounds were then analyzed to
predict fragment impacts on personnel, ammunition and equipment. The
effect of the various possible reactions of personnel when they came under
attack was also considered. The anlaysis was repeated a number of times
to vary such things as size of revetments at the gun positions, protection
for the personnel and ammunitions, etc. Typical results are displayed

in viewgraphs 7, 8.

Viewgraph T
Viewgraph 8

A final area I would like to discuss is a study we are conducting to examine
the survivability of infantry anti-tank missiles and their crews.
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The emphasis here is to look at both the value of field expedients such

as revetments, flak blankets, selective deployment, etc., as well as to
consider equipment modifications such as attempts to put TOW under armor.
In one of the initial phases of our study we deployed TOW and Dragon in

a defensive unit deployment as part of a closed wargame. The Red commander
was then allowed to develop a preparatory fire plan against the defending
unit position based upon limited intelligence data assumed to be available
to him. An assessment was then made to estimate how manyv of the TOW and
Dragon positions would have been "killed" in the preparatory fire. In
addition, lethal areas were calculated for various enemy weapons employed
against the TOW and Dragon systems. These computations were repeated to:
guage the impact of some of the alternative means of providing protection
to the crew or weapon. Finally, we plan to conduct as a part of this
study a two sided combat simulation in which we will attempt to measure
the benefit of various protective measures through an examination of the
effect they have on the outcome of the combat simulation.

While almost all of that which I have discussed in the preceding presen-
tation is the work of AMSAA, I would not like to leave the impression that
we are the only ones contributing in this important area. The Ballistic
Research Laboratories has an extensive vulnerability program which provides
much of the input data needed for these studies. The also have a portion
of their effort directed toward the reduction of equipment vulnerability
there are small Vulnerability Analysis Teams (VATS) at each of the AMC
Commodity Commands. But there is still much to be done. Too little effort
is being directed to the improvement of operational survivability, and

we neglect our duty to the user -- the soldier in the field -- to provide
him with advice and insight we gain on ways we can improve his chances

of survival. Finally, what work we are doing is focused on too small a
portion of the whole spectrum of systems. We must '"think survivability"
across the board for logistics as well as combat systems.
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OPERATIONS RESEARCH IN THE WARSAW PACT ARMED FORCES

Mr. John R. Aker and Mr. John W, Anderson
US Army Foreign Science and Technology Center
Phone: 296-5171, X428; AUTOVON: 274-7428

Good afternoon. John Anderson and I, the coauthors of this paper, are from
the US Army Foreign Science and Technology Center in Charlottesville, VA.
The mission of the Center is to provide worldwide scientific and technical
intelligence to the US Army. The primary users of this intelligence are
the Army R&D laboratories and the systems analysis community. Although
directly subordinate in the chain of command to the Army Material Command,
the center receives the bulk of its tasking through the Defense Intelli-
gence Agency. I think at this time it would be appropriate to point out
that any Army agency desiring a product from the Center should direct 1its
request through the Army Assistant Chief of Staff, Intelligence.

John Anderson 1s primarily interested in. foreign applications of operations
research, while I am engaged in applying OR and systems analysis to foreign,
particularly VWarsaw Pact, weapon systems.

Since last year when we presented a status report on the same subject, the
Warsaw Pact countries, especially the Soviet Union, have been heavily en-
gaged in the development of large scale automated systems to control aspects
of the military and industry. Hand-in-hand with thdsdevelopment is an
acceleration in the use of OR techniques in these same areas. The goal

of this automation appears to be to streamline large scale operations such
as producticn and logistics. High level reorganization activity and the
development of large system technolecgies give evidence of this effort.
Furthermore, the aggressive push to acquire the latest and largest computer
systems and sophisticzted software of Western design indicates a major
thrust in the direction of large scale automation.

First, let me review briefly the development of OR and systems analysis
within the Warsaw Pact. From this base of understanding, I will then
describe the current efforts and attempt to extrapolate the future trend.

The Warsaw Pact is a mutual defense pact between the Soviet Union and six
countries. A seventh countrv--Albania--withdrew from the Pact in 1968.
The Pact provides not only for mutual defense, but also allows Soviet Army
units to be in the territory of the othar countries.

The Warsaw Pact countries are shown here.
Since 1its inception in 1935, the Pact has been used to improve the military
position and the diplomatic bargaining power of the Soviet Union in European
end worldwide relations. Today the Warsaw Pact Armed Forces are a formid-

able array of men and weaponry--still strongly dominated by the Soviet Union.

The use of operations research in these Forces is varied--and it 1s growing.
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Within the Pact it had a slow beginning. Not unti} the early 1960's was
evidence of ‘its use uncovered From that time until 1968, operations re-
_ search activity spread and became more generally accepted in at least four
countries of the Pact.” ‘From 1968 to present, such activity can best be
characterized as experimentation with a growing variety of techniques, in
both strategic and tactical applications. These activities have contri-
buted to and continue to influence the technical revolution in the structure
- and operation of the Pact Forces.
This growing acceptance of OR techniques may be better understood in the
context of several larger trends or factors, as follows:
(1) The new Soviet leaders who replaced Khrushchev in®1964 were proponents
of scientific management. (2) Soviet military leaders also reacted to
Rhrushchev's policies and other complicating factors with increased stress
on improved decision making. The new political leaders also exerted pressure
for greater efficiency in defense'resource allocation. (3) System Science
. became widely accepted as the unifying theory for techniques for the control
of complex organizations; and (4) The Soviet reliance on central planning
of its political-economic system creates gpecial demands for analytical
and reporting systems. ) .

. . ;
Khrushchev was ousted in 1964 by proponents of scientific management.
Their description of his management style, shown here, display the frus-
tration they felt with his '"seat of the pants'" approach to decision making.

In 1965, the Chief of the General Staff, Marshal M. V. ZakhaYov presented
the military's argument for improved decision.making in an article titled,
‘"An Urgent Demand of the Time: On Further Raising the Scientific Level

of Leadership." He also stated that all officers need not be engineers
but that every commander should have a deep knowledge of physics, mathe-
matics, chemistry, electronics, and cybernetics. As shown here, he recog-
nized the value of computers in making rapid arching ia the well-founded
decisions.

During the 1950's and 60's, the percentage of technically trained officers
was also increasing significantly as well as the complexity of military
operations. Such factors combined to generate a new science of military
management in the Soviet Union. Additional inspiration came from the
innovations in defense management in the United States and the Soviet
interest in management science.

Some Soviet planners consider modern military advancement. to be divided
into three stages:

(1) -The Atomic Stage
(2) The Missile-Nuclear Stage
(3) The Cybernetic Stage

Here the Cybernetic Stage means the optimal use, and interaction of avail-

able troops, arms and equipment. The Soviets recognize that in modern
warfare both sides possess sufficient armament to overkill the opponent

69




&

and that advances in armament alone are not sufficient to insure victory.
The onset of unlimited hostilities will be devastating to both sides and
victory may well be determined by the swift and effective use of the man
and machine force. In the cybernetic stage of warfare, emphasis is placed
on the development of improved automated systems to aid in troop and
weapons control and on the development of advanced managerial techniques.

Such thinking has not been confined to the Soviet Union alone but has
spread throughout the Warsaw Pact countries. At present, there is some
resistance by officers to €he changes in dperations entailed by increases
in automation. These officers apparently fear that automation'will pre-
empt their authority.  This resistance can be expected to diminish as
greater experience is gained and ‘as the number of technically trained
officers continues to increase.

Consequently, the Soviet Union and other Warsaw Pact countries now have
far-ranging interests in the military applications of OR. The theoretical
basis for these applications is often taken from theory developed in
Western countries. Exceptions to this are mathematical optimization
theory and probability theory, where the Soviets are doing some excellent
theoretical work.

The primary Strategic application is the development of a Pact-wide auto-
mated system to aid in military decision-making. The primary. tactical appli-
cations area of interest is military war gaming and its associated analytical
techniques. There is also interest in the following areas as shown here:

(a) Improving search and detection methods by math modeling, (b) deternin-
ing routes for the transport of military personnel and supplies by the use

of network theory, (c) finding optimal or near-optimal distribution of
weapons or personnel by the use of mathematical programmaing techniques,

(d) use of computer systems to assist the  commander in decision making,

(e) the employment of mathematical techniques to analyze individual weapon
characteristics, and (f) the use of queue1ng theory to irprove air defense
and ground combat capabilities. , 3

In general there are not Warsaw Pact developed concepts or significant
advances which are superior to Western techniques. The difference lies
in the extent to which implementation of such techniques receives high
level support, and the central role which system science is assuming in
military activities.

In addition, military OR should receive significant spinoff from equipment
and techniques developed in support of the Soviet central economic planning
system. The chief difference between Western and Soviet-type economies

lies in the role assigned to the market. In the West, the principal
decisions of the economic system are made and carried out through the market
mechanism. In the Soviet-type economies, the market plays a minor role

in decision making. Thus, the SoGiet-type economies must develop channels
of communication and control which are unnecessary in the West.

In the Soviet Union, Automated Management Systems have been in operation
for industrial applications for about eight years. More recently, Automated
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Management Systems have been reported in East Germany, Poland, Czechoslovakia,
and Romania. These systems function similarly to management information
systems in the United States, but with an important difference. Thelr systems
are generally based on the dynamics of the firm, rather than on a series

of transactions or operations. This is due to the nature of Socialist
business enterprise, and it requires software based more on dynamic system
wodeling than is the case in the United States. The Socialistic enterprise
system 1s also amenable to a hierarchy of management systems to enhance
overall planning and control. The lightly competitive nature of Socialist
enterprise also allows developed software to be shared more freely between
individual organizations. There 1s, in fact, an ambitious plan to simulate
and control the eccrnomy of the entire Soviet Union. This system is known

as the All Union Management System. It is to be a real-time system, en-
compassing all aspects of Soviet economic life. In its most modest form,

it represents a nationwide management information system. The other Pact
countries, particularly Poland, Hungary, and Czechoslovakia are planning
similar projects. To help provide the computers for this and other computer
needs, the RYAD program was implemented. The Warsaw Pact countries are
building for common use a series of six different third generation computers.
The program assemblers are designed to accept IBM-360 programs, which will
result in a tremendous saving in software development costs.

The point of all this is to show the scope of intended computer usage to
plan and control. The capability 1s thus present to develop a stragetic
military command and control system. Such a system would be based on a
hierarchy of computers with an interconnecting data transmission system.
Hierarchy here means a multi-level system with the higher level device
controlling more than one lower level device. Initially, the lowest level
devices are place into operation. Higher level devices with the ability
to monitor and control are then added. The operation is repeated until
all devices are under one central control. The primary aim of such a
system would be to increase the decision maker's capability by providing
more information and by providing this information more quickly. The
decision maker can then hopefully make, implement, and verify the imple-
mentation of decisions in a shorter span of time. Other benefits could

be improved control of the movement of men and weapons, improved logistics
flow, and improved integration of operating and service functions.

So we have seen that OR was slow to gain acceptance in the Warsaw Pact

until the 1960's at which time a number of factors operated to increase
their acceptability and, indeed to precipitate a headlong rush towards
implementation on a large scale. The four predominant factors are shcwn
here. The OR techniques utilized in the Pact have generally been drawm

from the West. The most significant difference lies in the extent to which
cybernetic theory (to include OR techniques) has been accepted as a unifving
theory for the management of the Soviet politico-economic system and for

the improvement of the defense forces. Also, system science or cybernetics
may be considered by the Pact to be a_stage of military development. We

can expect significant effort in the development of equipment along with

the necessary theory and software for military operations recearch with
emphasis on techniques for the direction or control of large military systems.
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In the future we will see in thke Pact Armed Forces:

» Advances in central planning methods, which will utilize large
scale simulation and computer networks.

e Simulation and other CR techniques will be used specifically
to aid in the decision to develop weapons systems.

-On-line operating systems of interconnected computers for command
and control,

-A widening of OR experience in the satellite countries of the
Pact as more high-speed computers become available.

* A greater acceptance of OR techniques to aid in tactical opera-
tions as more officers become trained in the use of such methods. Operations
Research has found its place in the Warsaw Pact Armed Forces, and its impact
is already beginning to be felt.

All this has a great impact on US Army doctrine and-plans, as these Pact
advances represent at least an improvement in operational capability and
may represent a full stage of advancement.

The floor is now open for questions and discussion.
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AN OVERVIEW OF LAND BATTLE MODELING IN THE US1

Seth Bonder
Vector Research Incorporated

During the last 15 -20 years, a significant amount of methodology
has been developed in the United States to assist in ganalyzing land battle
systems for military planning. I have prepared some summary and very sub-
Jective remarks regarding the history and current state of modeling in the
US. Specifically, I will

(1) comment on the three types of models that have been
developed over the years,

(2) discuss considerations which have influenced the
types of models that have been developed.

(3) describe briefly the history of model developments,

(4) present a brief review of existing models in the
US to highlight some major problem areas, and

(3) note some modeling trends that I see occurring in
the US.

Much of my review on the state of modeling (part 4.0) was presented at a
seminar in the US about a year ago. I have not updated that review to
include developments over the past two to three years, since it is my ex-
pectation that you will hear of them in formal papers from US participants
and more so in the informal discussions of their current research.

1.0 Model Types

War Game: A war game is a model which is, in a sense, a step removed
from the reality of a field experiment or a field exercise wherein only
teams of players representing the commanding officers and their staffs are
included. Assessments regarding the effects of combat and other decisions,
in earlier war games, were made subjectively by a control team of experi-
enced military officers and, in more recent computer assisted war games,
have been made by some prograrmed assessment procedures. This type of
model is very expensive in time and dollars to develop and use. Many ex-
isting war gemes have taken four to eight years to develop and, as recently
as 1971, I know of a war game which took six months to obtain one realiza-
tion of ten hours of battle. Since decisions are made by humans, it is
not unreasonable to expect a high output variance if different decision
makers were used; however, the long operation time usually precludes more
than on€ realization of the process. It is my personal view that this
type of model is not a feasible mechanism for analyzing a broad spectrum
of system alternatives in a responsive manner to meet planning cycle re-
quirements. Experience has shown, however, that they are diagnostic in

lMany of the ideas presented in this paper were originally prepared for
the Seminar, "Anelytic Modeling for Tank/Antitank and Ground Engagements,'
US Army Concepts Analysis Agency, Bethesda, Maryland, 28-29 June 1973,
and also presented at the NATO/SPPOSS Conference on "Modeling Land Battle
Systems for Military Planning," Ottobrunn-Munich, Cermany, 26 August 19T7h.
They are repeated here at the request of the organizers of thg symposium.

73




the sense that they reveal problems that need to be resolved with future
systerms, and are viable mechanisms for trzining decision makers.

Simulation: Perhaps the most widely used technique employed in mili-
tary systems analysis is that of pure simulation, which runs completely
without human intervention. In the develooment of this type of model,
the military process is studied and microscopically decomposed into its
basic evernts and activities, which are then ordered in a sequence as in a
network. In solving this type of model to obtain predictions of outputs
such as casualties, resources expended, etc., the events and activities
of the different combat processes are essentially followed in a specified
sequence, and decisions are based on predetermined rules which are pro-
grammed into the automated evaluation procedure. In essence, the process
is "acted out."

Most simulations used in military planning contain a significant
number of stochastic or probabilistic events and activities in an attempt
to capture the chance element associated with many combat processes. These
models require probability distributions for many of the input variables
and generage the probebility distributions for the output variables or re-
sults. In such a stochastic simulation, the model is solved by Monte Carlo
sampling of all the input distributions in the appropriate sequence to pro-
duce a single output or result; thus they are called Monte Carlo simula-
tions. In order to generate the full probability distribution of combat
results, the sampling process is repeatel or replicated a number of times
for 2 fixed set of input parameter values. The replication process is
required to determine the freguency with which different model outputs can
occur and is continued until the output results appear to converge to a
stable output probability distribution.

Although Monte Carlo simulations are verhaps the most heavily employed
model in military planning studies, there exist a2 nurber of meaningful
backs to their use. They tend to be more zbstract than war games. Although
they ere sppreciably less expensive and more responsive than war games,
Monte Carlo simulation models still require = large expenditure of time and
finencial resources for their development znd utilization. It would not
be unreasonable to expect to spend 10 - 20 man-years just developing a sim-
ulation of tactical combat. Additionally, it would rot be unreasonable to
expect each replication of a battalion-level simulation to require 10, 20,
or more minutes of computer time on a third generation computer and any-
vhere from 10 ~ 30 replications for statisctical stability of the results.
The large number of variables usually included in simulations makes it ex-
tremely difficult to run parametric studies with the model to perform sen~
sitivity analyses over the simulation assurptions and input data. Fineally,
the large amount of detail contained in rost Monte Carlo simulations mekes
it diTficult to use by itself as a vehicle to single out those systems ca-
pabilities, tactics, and environmental coriiiions which significantly con-
tribute to or delimit the system's effectiveress.

Analvtic bModels: Analytic models are like simulations in the sense
that they also have rno player involvement; however, they tend to be much
more abstract. As in the development of sirmuiations, the process is studied
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end decomposed into its basic events and activities. In analytic models,
however, mathematicel descriptions of all the basic events and activities
are developed, and these events and activity descriptions are integrated
into an overall assumed mathematical structure of the process. Where ap-
propriat2 techniques exist, solutions are obtaired by consistent mathemati-
cal operations giving rise to explicit reletionships between independent
variables and dependent ones of combat effectiveness. When such explicit
relaticnships can be developed, they obviously simplify the conduct of
sensitivity analyses and provide an increased ease in interpreting the re-
sults since the dynamics of the combat process are contained in readily
examined equations. Most often analytic models of any degree of complexity
require numericel solution techniques. However,; even these provide marked
reductions in dollars and time for the conduct of analyses and offer sig-
nificant improvements in interpretability since the basic events and ac-
tivities are described by visible mathematiceal ecuations.

Although it is well-recognized by this audience that analytic models
can be either deterministic or stochastic, no such understanding exists
among nmuch of the practicing OR community or OR plenners. Obviously, in
the deterministic case a single set of input wvelues always produces the
same set of output results, while in the protebilistic case a set of in-
put probability distributions produces a protztility distribution over the
output variables. In either case, no repliceticns are required since the
solution is obtained by either direct matheretical operations eor by nu-
merical solution techniques. There is a widespread, but incorrect, belief
that models which contain chance elements or activities must be Monte Carlo
simulations.

2.0 Conflicting Considerations and Implicetionrs in Development of
Models for Military Planning

Because cf the heevy emphasis on long-range rlenning, the DoD in the
US has devcted a significant amount of effort to the developmen:i of pre-
dictive models of combat processes to zcsist in their force structure,
weapon system, and doctrinal studies.! A nuzber of conflicting considera-
tions exist which, I believe, have influerced the types of models that have
been developed and which have given rise to scme of the recent trends in
development and applicaticns.

1
The use of predictive models is somewhat in contrast to the operations re-

search activities of World Var II, which I like 0 refer to as "operational
inference", for much of the effort was devoted to estimation of system ei-
fectiveness and inferences regarding future operstiions rather than long-
range prediction. In World War II, the availabiliity of systems and the on-
going military operations facilitated the gathering of data on the systems
cepabilities and effectiveness, enemy characteristics end tactics, and en-
vironmental rectors for use in the studies. A rcejor share of the questions
addressed at the time were essentially ccncerned with how the next day's
operations should be conducted. This is in sharp contrast to the long-range
planning problems where greater emphasis is placed on prediction rather than
inferernce because the future is concerred with & time frame of, at a mini-
mez, 3, ard usually 5, 10, and 20 years &s ccmpered to the WiW II operation-
al studies when time was neasured in days, weeks, and months.
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2.1 Comvplexity of the Combat Process

Military personnel have long argued that the land warfare process is
a complex one. Based on my modeling and application experience, I agree
with this observation but would state it slightly differently: predictions
of combat results from our models are highly dependent on many process des-
criptors and their interactions. Specificelly, it is easy to show that
predictions of 2ombat results vary significantly with the following char-
acteristics:

(a) weapon system charscteristics -- firing rates, accuracy, lethal-
ity, acquisition capability, maneuver capability, reliability,
ete.

(b) organization structure -- the nurbers of different types of
weapon systems in the organization.

(¢) doctrine or tactics —— the behavioral decision processes which

drive much of the combat activities. On & broad scale these
include the choice of battle type (attack a fixed defensive
position, delay, chance meeting, withdrawal, etc.) and the choice
of defensive position. On a more microscopic scale these include
the weapon-to-target fire sllocation decisions, route selection,
assault speeds, assignments to meneuver versus overwatch roles,
and the decisions to initiate and end the firing ectivity.

(d) terrain-environmental effects —— these include effects such as
the interaction of the line-of-signt process on the acquisition
capabilities, trafficability of the weapon platforms, and the
effect of meteorological conditions on acquisition.

Fach of these effects individually, and their interactions, have signifi-
cant bearing on the predictions of combat results. This complexity strongly
implies that the combat models take the form of simulations and, beczuse

of the strong impact the tactical decisions have on outcome results, player
interfaces be included in the form of war gare models.

2.2 Absence of Data to Verify Ccrbat Models

I am firmly convinced that there exist almost no experimentally veri-
fied models of combat processes of interest to the military planner. That
is, end let me emphasize, the field is devoid of any experimentally veri-
fied content. The military systems analyst rust predict the operational
effectiveness of combat systems; yet, there clearly do not exist any veri-
fied operational models of this type of process, nor does it appear that
sufficient historical or experimental data to tesi any existing or next
generation models will become available in the near future. Experience
suggests that combat is a process that does not readily lend itself to

- peasurenent.

Recent test activities st the US Army Combat Developments Experimentzl
Center are directed toward possible verification of some of the battalion-
level simulations such as the IUA, CARMONETTZ, and DYNTACS. It must be
recognized, however, that data generated at CDZC are not combai data.
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Becauce of the absence cf data, we in the modeling community have

been developing models somewhat as natural philosophers or Platonists in
+hat the models are developed by pure reasoning and logic alone. I strongly
believe that models developed on this basis which are not experimentally
verified cennot and shculd not be used as an evaluation mechanism to pro-
vide accurate, point estimate predictions of combat effectiveness for use
by decision makers. Rather, I think these intellectually developed models
(rather than experimentally developed) should be used for sznalysis purposes
to provide managers with
(a) insights into directional trends to increase their understanding
of the system dynamics, and
(b) guidelines for the development of data collection plans (i.e.,
what data are important, how accurate must they be, etc.).

This kind of information is generated by parametric variation of the model
veriables and assumptions designed to enswer "what would happen if" ques-
tions and to expose the full range of possible effects of a decision.

This requirement for & large amount of parametric analysis strongly implies
that many of the combat models should be analytic and perhaps simulatory
rather than war games.

2.3 Requirement for Evaluative Studies

Although I do not believe we have models or methodology that can pro-
vide accurate and reliable point estinmate predictions of combat effective-
ness, decision makers require quantitative information as input to meany
of their force structure, weapon systenm buy, end doctrinal decisions. In
the absence of any experimentally verified combat models, and with dim pros-
pects of getting them in the future, this implies that the combat models
that are dzveloped should contain a hign degree of logical fidelity with
the "real world" =nd, where possible, be isomorphic to it. Thus model de-
velopers are, in & sense, driven to the development of complex, highly-
sophisticated, detailed sirulations of the combet process.

2.4 Resource Constraints on Planning Studies

Resource constraints on planning studies also tend to drive model
developments in different directions. On the one hand, a move toward the
development of analytic structures is suggested by both the smaller number
of mersonnel required for their development and use, and the smaller amount
of computer time and cost associated with their use. On the other hand,
since analytic models are significantly more abstract, development of
anulytic models which include many of the relevent combat process descrip-
tors requires a significantly high level of analytic capability. Accord-
ingly, many of the model developments tend to be driven in the direction
of simulations end war games which, glthough requiring logical structuring,
reguira less use cf highly abstract mathematics.

2.5 Higher Level Unit Evaluation Requirements

A significant anount of the modeling for weapon system planning
(requirermants, weapon mixes, stc.) has been done &t the small unit (roughly
battslion) level. Although, I believe, there is & recognized need to
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perform tnese analyses at higher levels (é¢ivision, corps, etc.) of combat
activity, the battalion level focus has been retained because that appears
to be the highest feasible level in which detailed isomorphic descriptions
of the combat process can be included. Additionally, broader-level force
structure, net assessment, MBFR, etc. problems are generating the need

for more credible and structural theater-level models than have existed

in the past. These needs are giving rise to some new activities and trends
in model developments.

2.6 User Understanding

All nodels are abstract representations of reality; however, some are
more abstract than others. War games, because of the use of military
officers as gamers, tend to be less abstract than simulations, while
analytic models are usually more abstract since the battle is described
by aggregate equations. Clearly, it is easier for most users to under-
stand less abstract models (i.e., easier to visualize their horses on the
battlefield), and it is not unreasonable to expect a high positive corre-
lation between user understanding, acceptability, and use of a model.
This idea, I believe, suggests the development of war game and simulation
type combat models.

3.0 History

~This section presents, in outline form, a brief history of modeling
activities in the land warfare area through approximately 1972.

A. Pre-1956
(1) Field exercises or games (contests)

(2) Mep or CPX exercises (to examine doctrine)
(3) Simple analytic models; e.g., Koopman's work on simple Lanchester
models in the 1940s.

B. 1956 - 1962

(1) One-on-one duel models
Monte Carlo simulations
Simple analytic fundamental duel

(2) Simple simulations of small unit actions
CDEC-SRI global model
ORO-initial version of CARMOIETTE

These were attempts to supplement some of the map and field exercises

and, at least by today's standards, contained insufficient fidelity to the
process.

(3) Simple war games
Manval games with subjective assessments which took an exces-
sively long period of time to run.

C. 1962 - 1967
(L) Development of more complicated and sophisticated simulations to
increase their fidelity. This included enrichments to CARMONETTE,
the development of the JUA, and the development of DYNTACS, all
battalion-level Monte Carlo simulations. .
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(2) Development of computer-assisted war games such as DIVTAG I,
ADVICE, TACSPIEL, LEGION, THEATERSPIEL, and TARTARUS.

(3) Mathematical enrichments in the theories of stochastic duels.

() Development of simple, highly aggregated, firepower score,
analytic models of large-scale campaigns. This was principally
the ATLAS model. This model has no tie-back to the physically-
based small unit action simulation models.

D. 1967 - 1972

(1) Continued enrichment of small unit battalion-level simulations
such as DYNTACS, IUA, and CARMONETTE.

(2) Development and application of hybrid analytic-simulation models
of battalion~level engagements such as the BONDER-IUA differential
mcdel.

(3) Continued development oand enrichment of wer games such as DIVTAG
II, DIVWAG, and DBM.

(4) Continued development of the mathematics of stochastic duels, al-
though the rate of development has appreciably decreased.

(5) Continued development of firepcwer score, large-scale campaign
models such as ATLAS, GACLM, and TCM.

L.0 Model Review and Problem Areus

In this section I shall briefly consider the state of existing models
in the US. Both because of my experience and the limitations in time, I
will focus on the state of representations or models describing cormbat znd
ccxrat-related processes in conventional lzrnd warfere. Rather than dis-
cussing any one combat model in deteil, I have prepzred an overview for
three levels of combat activity - an individual firer against a passive
terget, small unit combat, a2nd large scale warfare. For each of these
levels, I will try to indicate (a) vhere I believe models exist, (b) where
tests have teen conducted to verify the models, and (c) my subjective
evaluztion rega:ling the reasonableun=zz of the nodel assunptions and
structure. Before looking at each of the levels of activity, it is impor-
tant to preface my remarks with the following cautions:

(1) The information provided here rezardinsg the existence of models,
thair degree of verification, anéd the reasonableness of their

ssumptions is basad strictly on my prior knowledge of the area
and not on any detailed resezrch or literature review. Although
I can in each instance cite a rationzle for my evaluation, the
rationele is somewhat subjective and may in some cases be in
error. he figures I will present are intended as & mechanisnm
for portraying some geaeral inpressions which I believe to be
reasonagble and instructive and are not interded as e definitive
stote~of -the-art presz.ntetion of rodels of leand combeat.

(2) 2Reczouse I personally believe war gomes sre principally diagrostic
mcihods and not vehicles for exploring a spectrum of alternative
solutions to planninpg problems, I will consider only simulation
&l analytic model structuras. Additionally, my comuents will
ajddiress principally descriptive structures representing military
comtuat processes ari not prescriptive nodels which specify #has
"ought to be dore' -- e.5., the nlethora of zearch theory models.
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(3) My remarks do nct consider some of the significent accomplishments
in the US since 1972 (such as the develomment of the VECTOR,!
ATHEJIA,2 IDAGAM,3 DIVOPS,! a sirulstion version of DIVWAG,‘*
and air allocation modelsﬁ) nor scme curreat research (such as
modeling penetration phenomene, larze-scele intelligence, tactical
decision behavior, and terrain L{3 modeling) which will be either
formelly presented or discussed et this conference.

4,1 Individuzl Firer Models

Figure 1 is en overview of the state in moéeling the combat activity
of an individual firer engaging & passive terget, with the view from the
firer system. The row headings are individuzl firing systems such as a tank
or anti-tank weazpon (against either persozzel or armed vehicle targets),
en artillery weapon system, an air defense zun, 2 helicopter or a tactical
aircraft. The column headings are perforrmance and decision processes which
should be modeled in describing an individnal system's combat activity
egainst a passive target. Although the 1lis T rrocesses (both here and
in figures 2 and 3) mey not be exhaustive, t ey appear to be the principal
ones one would logically include in a rmodel cf t:e process.

Information regarding models for each ccmbination of weapons system
and process are shown in the cells. Each cell will contain at most four
ertries with the legend given on figure 1. Thus, an M indicates a model
exists for the combination of the weapon sys: zné process. A T indicates
that testsjhave been conducted and, where this is the case, an I suggests theat
the tests have been inconclusive or a V thet the tests have tended to
verily the model structure. Finzlly, the symtol 4 indicates nmy subjective
belief that the model assumpticns are somewhzt rzezsonable. A bar zbove the
M, T, or A indicetes a negation: that no models =2xist, no tests have been
corducted, or the assumptions are not r onable, respectively. The tilde
abvove the M, T, V, or A is suggestive tersizl results, indicating that
8 model exists but with incomplete structure, sc—e tests nave been conducted,
the models have been partially verified, or some oI the assumptions are
reasonable, respectively. VWhen no model:z exist (T), I have not bothered to
indicate uny test or assumption informzticn, anri, when tects have been con-
ducted which partially or fully verify the moiels, I have not indiceted

any assumption information. An asterisk cer

s

L2}

0

4 (D
H

S bt

ae

regarding the particular entry z2nd an A
coabiration is not zpplicable.

Some general impr=ssions can be draw: Trcz this figure by considering
the pattern that occurs when one looks at the negztion (overbvar) and par-
tiel {(tilde) indicators with respect tc ezch ¢l the symbols: the model
symbol, the test symbol, or the assumpiiz: symuvel. {across the figure a5 -
wvhale). Generally speaking, there appear - te = significznt number of
performance mrocess models. 3Some tests oie been conducted on the models,
and in some cases thooe have been verifis or rariially verified. 1In ceses
vhere the models have not veen tested, Lre czsizztions underlying the model
‘structures do not aproar to be totally m-=:consble. In contrast to this
cverview of _arformance process models, tnere =Tv2zr to te very few nodels

MWector Rescarch, Incorporated.

2Genaral Reseorch Cornoration.
3inucituts for Defease fnalisis.
Y5 Arny Combinel Arms Center. 80
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of decision processes related to individual combat activity (a significant
number of M's in the figure). Where nmodels do exist no tests have been
conducted and, in my opinion, the models are based on highlv unrealistic
assumptions (lots of T's and KA's on the right side of figure 1).

4.2 Small Unit Action Models

FPigure 2 is an attempt to provide an overview of the state of modeling
small unit combat (battalion size and below). In this activity the units
are in direct contact with each other and actively engaging in combat. The
row headings reflect different types of combat engagements divided into
two main caztegories: homogeneous forces and combined arms units. Under
the homogeneous force category we can have infantry versus infantry engage-
ments (dismounted or mounted), armor versus armor engagements, counter
battery fire, etc. Conrbined arms engagements include units comprised of
infantry, tanks, anti-tank systems, artillery, helicopters, and tactical
aircraft engaging an enemy who is in a prepared defense, delay, withdrawal
or hasty defense posture. The column headings are divided into three cat-
egories of processes: coambat, terrain and environment, end decisjon. The
following main points can be obtained from the figure:

(1) Except for the meeting type of engagement (wherein one of the
opponents takes up a hasty defense posture) attempts have been
made to nodel homogeneous and heterogeneous force battles of the
prepared defense, delay, and withdrawal, with primary develop-
nent and application emphasis on the prepared defense.l Analytic
modeling hes been restricted to the prepared defense situation.
As you can see, my knowledge of the models of delay and withdrawal
engagements is less than satisfactory.

(2) Micro~-intelligence which consider the false elarm problems of
acquiring already ettritted targets or non-targets is included in
only one model, and et that cannot be used because of the lack of
appropriate input data.

(3) The firenower descriptors (accuracy, lethality, etc.) are the
most developed of the submodels. Questions are continually being
raised regarding perameter values used in studies, and there are
questionable assumptions in the models used to estimate them (e.g.,
no cumulative damage, dispersion that is independent of target
size, normality and independence of impact errors, etc.). My
questions regarding the assumptions are associated with my belief
that the combat is occurring in highly compressed time which may
be due to the attrition process nodel or data, the tactical de-
cision model, or both.

(4) Although I thought.the terrain and evironment characteristics
(elevations, soil roughness, etc.) or their effects (1LOS, man-
euver capability, etc.) were reasonably well represented in the
models, recent tests (TETAM) at the CDEC and related analyses
indicate that the digitized LOS models used in our lMonte Carlo
simulations of battalion-level combat produced significantly
erroneous LOS reslizatiomns.

lAlthough they are not depicted in the figure, I do not believe counter-
attack situations have been modeled. '
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(5) Only a small number of decision process models exist; and, where
they do, no tests of their validity have been conducted, and the
model assumptions are deemed to be highly unrealistic. The de-
cision to get engaged in combat, the choice of battle area, the
deployment and tactical roles (maneuver, overwatch, etc.), and
except for DYNTACS, choice of attack routes, are not modeled
but rather are input created as part of the scenario generation
rrocess. Engagements are assumed to happen. Target choice, open
fire, and terminate fire decisions are prograrmed in the models.
I believe these are models of doctrine {which I think we will
agree is questionable) and not ccmbat behavior, i.e., how mili-
tary personnel behave in corbat, and I think the assumptions are
unrealistic.

4.3 Large-Scale Warfare

Figure 3 portrays my impressions of the state of modeling large-scale
warfare activities, divided into the division-to-corps level and the theater
level.l Within each of these categories the row headings reflect different
types of warfare activity. The column headings depict the combat and non-
combat processes as well as the mansgement processes associated with large-
scale warfare. The partial tests indicated under firepower and movement
processes in the offense/defense engagement reflect the basic firepower
score attrition tables and firepower score FEBA movement rate tables sup-
posedly based on World War II data.

Four conclusions can be drawn from figure 3 - three of them are explicit
from the figure and the fourth is an implicit one based on my subjective
evaluation which I believe is consistent with those of many practitioners
in the field.

(1) Fssentially the only modeling thzi has been done in the large-
scale warfare area is the offense/defense activity on & single
front. I do not know of the existence of any models which consi-
der other important combat activities such as deep penetration,
exploitations, sieges, or multiple front warfare in which the
FEBA loses its integrity, nor the effects that these activities
have in determining the type end frequency of small unit actions
that occur. The trend appears to be one of making more efficient
models of perhaps the wrong process.

(2) There are almost no models describing the mznagement or decision
processes associated with large-scale warfare. A significant
amount of the tacticel decision mz2king is not modeled but rather
input based on the scernario generation process. Tactical deci-
sions that are modeled have not been tested, and have highly ques-
tionable essumptions. They are, I believe, supposed to te descrip-
tions of-doctrine and are not actual tactical behavior. In fact

IThe reader is reminded that my remarks do not consider some of the signi-
ficant accomplishments in the US since 1972 (such as the develorment of the
VECTOR, IDAGAM, DIVCPS, a simulation version of DIVWAG, Air Allocation
Hodels) nor some current research (such 2s modeling penetration phenomena,
large scale intelligence, tactical decizion behavior, and terrain LOS model-
ing) which will be either formally presented or discussed at this conference.
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(3)

(k)

one would gquestion if doctrine is being modeled since, as I
understand it, the PACT wish to penetrete, avoiding engagements

to do so. Yet we devoted most of our development and study
efforts to the engagement process.-

With rare exception, the models that do exist have not been

tested against any historical or experimental data. The exception
is contained in the offense/defense~breakpoint cell, where his-
torical data was compared to existing models of breakpoints and
the null hypothesis rejected.

Essentially all the large~scale warfare models employ the “fire-
power score' concept of attrition end FEBA movement. I think these
are questionable. I will not go into many of the problems as-
sociated with these models (which are well documented elsewhere);
however, it is importent to note that (a) these models are based
on World VWer II data which is questionable for today's and future
systems, and (b) they cannot realisticelly determine who is
attritted in the war since the theory is not structural. Although
the many problems associated with this theory are well known, it
has been frequently employed because of the absence of other model
structures to analyze this sczle of warfere activity. In my opin-
ion, we will some day think of the firepower score models of large-
scale campaigns as the phlogiston theory of warfare.

In summary, I would like to abstract three main conclusions from the figures.

(1)

(2)

(3)

Through 1972, as the organizational level of the combat activity
increases, the number and quality of the models decrease. The
enount of test data also decreases in this direction. The assump-
tions underlying the model structures get more tenuous the further
removed we ere from the physical process; i.e., at the individual
firer level of activity we can somewhat rely on the 'natural laws
of physics" as underlying model structures, but we have not
evolved similar "natural laws of combai" as we move up the scale
of combat activity.

The operations research cormunity has studied and modeled only
the clessicel firefight, with little attention given to other
combat activities and noncombat processes. In my opinion, the
problem in developing model structures for these other ectivities
is not "how" to model them but rather "what" to model.

There have been few or essentially no efforts to understand and
model the behavioral decision and management processes essociated
with the combat activity.

5.0 Trends

Some of the formal papers that will be presented by US participants
and discussions with them will, I believe, indicate some methodolical trends
that are starting to evolve in the US. This section briefly notes some
of the major trends.

(1)

Recognition that a large number of different fectors (weapon
system characteristics, weapon system mixes, tactics, terrain,
etc.) can significantly affect the results of sm2ll unit actions
(thus requiring extensive parametric znalyses in studies) coupled
with the long preparetion and running times of Monte Carlo simu-
lations, has led to the development of hybrid analytic-simulation
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(2)

models of small unit combat engagements (e.g., BONDER-IUA and

related differential models, COMAN, IHA). In such models the

attrition and acquisition (and sometimes allocation) processes
are modeled in an abstract mathematical way while the movement
process is included in a simulatory manner. Two development
directions are being pursued to supplement, complement, and
perhaps replace the monte Carlo simulations:

(a) Freestanding or independent analytic model: As the name
implies, this type of analytic model can be run independently
of any detailed Monte Carlo simulation model of the same
combat process. That is, one designs such a model so that
it can use the same type of inputs as the Monte Carlo simu-~
lations of the same process and hopefully predict similar
outputs in an efficient and easily interpretable manner. An
example of this type of model is the BONDER-IUA differential
model which was first used in the US in 1969 and the many
enriched versions of it since then, the latest being the
BLDM (Battalion Level Differential Model).

(b) Fitted parameter analytic model: This is an analytic model
of the combat process which must be used in conjunction with
the Monte Carlo simulation (or appropriate data from the
actual process). The data or outputs of the simulation
model are used to fit one or more free parameters in the
analytic model so that the latter predicts results compar-
able to the simulation model.! Examples of free parameter
models that have been developed are COMAN and LORSUM. These
models, in contrest to statistical regression functions,
are structured on a physical basis with only a minimum
number of parameters to be estimated. This permits a larger
amount of extrapolative sensitivity analyses which are highly
questionable if all of the parameters in the free parameter
model are estimated.

Over the past two to three years it has become increasingly clear

that it is not sufficient to analyze weapon system and weapon mix

combined arms questions in battalion or lower unit combat engage-

ments and that the higher level division and corps level war games
are not responsive to perform the extensive parametric analyses
needed to address such questions. This has motivated the develop-
ment of a first-cut hybrid analytic-simulation of division oper-
ations (the DIVOPS model in which the attrition, maneuver unit
element and fire support sensor acquisition, and terrain line

of sight processes are modeled analytically) and some research

for next-generation analytic models of division-to-corps operations.

Additionally, efforts have been devoted to reducing the player

.participation in war games (e.g., modification to the DIVWAG war

-gamie) and to get more weapon system attrition details into the

games by using small unit action models in division level games

"lAn obvious exanple of such a model, of course, is the classic statistical
regression function, where essentially every parameter of the model is
fit according to the data. These, however, are usually inadequate for
anelysis purposes and are usually based on ignorance of the process rather
than knowledge.
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(3)

(%)

in a hiererchicel fashion (e.g., the DBM game uses the COMANEX

free parameter analytic model to assess battalion actions, where

parameters of COMANEX are estimated from runs of the CARMONETTE

Monte Carlo simulation).

More detailed force structure questions, requests for net assess-

ments end net technical assessments, MBFR questions, and other

force planning problems are generating the requirement for

more disaggregated and credible theater level campaign models.

This disaggregation is being accomplished in 2 number of ways:

() The development of hybrid analytic-simulation models in
vhich structural detail of small unit actions (e.g.,
battalion level and below) and other combat activities are
directly played in the campaign model through the use of
analytic submodels.

(b) The development of campaign models in which results of
brigade or division engagements are used in look-up tables
and called for when assessments of such battles are needed.

(c) Disaggregation of the "firepower score" theater level models
so that attrition assessments and movement are performed et
division or brigade level.

After many years of giving 1lip service to the need for experimental

data to verify land warfare models, there appcars to be a slight,

but none-the-less positive, trend to generate data for this pur-
pose. The recent TETAM tests, which generated data to examine
the predictive capability of our battalion level Monte Carlo
simulations and their component terrain LOS models is the most
prominent effort. If the tentative negative conclusions regard-
ing' the terrain LOS models are substantiated, I expect we will
see Increased -emphasis on this verification activity through the
conduct of more tests directly for this purpose and the use of
existing and future test data generated for other purpose

(e.g., HITVAL, SEEKVAL).

I believe you will see signs of these trends both in the formal papers pre-
sented by US participants and in discussions with them throughout the con-

ference.
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CONSTRAINED FORCE DEVELOPMENT

By Major Charles B. Fegan

Office of the Deputy Chief of Staff for Operations and Plans
Department of the Army

INTRODUCTION

Constrained force development is a generic term applicable to the
definition of force structure related problems and applies to short, mid,
or long range planning and programing. The term assumes a three part
structure associated with force structure problems: an initial object
state; a goal state; and rules of transformation.

A problem's initial object state is its current environment, for
example, the currently approved Army Force Program as exemplified by the
Five Year Defense Program (FYDP). A goal object state is an explicit
statement of a transformed initial object state. In the Planning,
Programing, and Budgeting System (PPBS) the Program Objective Memorandum
(POM) is developed prior to a FYDP update and can be considered a FYDP
goal state. The POM identifies a future force structure and the specific
unit related actions (activations, inactivations, reorganizations, and
changes of assignment) required to transform explicitly the initial
object state (the old FYDP) into the new goal state. These unit related
actions express the rules of transformation capable of transforming the
initial object state, via a sequence of intermediate states, into the
goal state and are presumed to be feasible in light of known constraints.

This paper argues that the constrained force development problem is
well defined when there exists a systematic method of deciding thsat a
candidate for the problem's solution is acceptable. The existence of a
well defined problem is a necessary and sufficient condition for initia-
tion of the decision making process.

Force structure decision making is the process of differentiating
between alternative sets of unit actions to find the set most acceptable.
If current conditions, desired conditions, and alternatives which can
produce desired conditions are known, then a problem becomes one of
choice. The full range of operations research techniques may augment
this choice process. Conversely, operations research techniques are
marginally applicable to ill-defined problems.

Mathematical programing models require defined initial object states
represented by objective functions and constraint equations. Goal states
are represented by statements such as ''maximize'. Transformations which
satisfy problem constraints in the initial object state are acceptable in
our definition of problem solving. If doubt exists concerning definition
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of an initial object state, problems become stochastic. If doubt exists
concerning goal states, i.e., force developers do not know whether they
want to maximize or minimize, the problem is unsolvable. 1In linear pro-
graming, the simplex algorithm obviates the necessity of explicitly
enumerating all possible transformations. That is, the linear program-
ing method takes one simultaneously through the problem solving and
decision making stages in such fashion that the solution produced by
problem solving is the best decision making choice.

THE FORCE STRUCTURE PROBLEM

The consequences of failure to distinguish between the three states
of problem definition and decision making are often serious. Decisions
made when the constrained force structure problem is ill-defined (e.g.,
we do not know what we want to do, what we currently have, or the rules
for changing things) may be damaging in the short run and may produce
catastrophic results in the future. Today's decisions largely shape the
constraints upon tomorrow's processes.

The Army has difficulty defining its initial object state, let
alone its goal state. Frequently, the detailed description of ''today's"
Army can only be accomplished by examination of information which was
developed in the distant past. Extension of this information into the
future compounds inherent inaccuracies and little success has been
achieved in acquiring detailed information concerning planned actions.
This problem has been studied in detail and a management information
system, to cope with it, is being designed. This effort is described in
the next section.

Complexity has caused the force development process to become dif-
fuse. The result is that decision makers seldom receive more than ''one
and one quarter' alternatives from which to select. Not only does solu-
tion search tend to cease with the first feasible solution, but such an
initial solution is sometimes never found. This problem is exacerbated
by the time constraints inherent within the PPBS cycle.

The Army must define future force structure in a fashion which
permits implementation of strategy subject to known constraints. Further-
more, the Army must be able to describe accurately such force structure
in sufficient detail to permit asset procurement and distribution.

As previously indicated, programing force structure decisions from
an initial object state to a goal state is amenable to many operations
research techniques. However, difficulty arises when one attempts to
define the ''cost coefficients' required by these techniques. '"Cost coef-
ficients" are the data needed to ‘translate force goals into appropriate
resource costs and encompass the broadest possible definition, e.g.,
people, dollars, equipment, facilities, strategic lift, etc. Though the
Army receives and processes force structure guidance in terms of "cost
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coefficients" there is little capability to translate force structure
goals into a useable format for analyses.

Consequently, the historical impact of force structure decisions is
unknown except at the highest levels of aggregation and the validity of
using currently available data as '"cost coefficients" is questionable.

A major Army task is the establishment of an audit trail from original
guidance to appropriate authorization changes at unit level. Such
historical data would then be available to determine authorization ''cost
coefficients"” for use in operations research models.

A purpose of constrained force development is translation of force
requirements into appropriate resource costs, comparison of these re-
source costs with projected resource availability and, finally, develop-
ment of a viable program to transport the Army from any point in time to
any selected goal state.

THE _INITIAL OBJECT STATE

The major problems inherent in defining the initial object state
are translation of highly aggregated force data into detailed unit
actions and re-aggregating the effect of these detailed unit actions
reflecting mission accomplishment. In terms of this paper, the Army must
identify its goal state, compare the goal state's requirements with those
of the initial object state (the approved force program) and define rules
of transformation (unit actions) in sufficient detail that asset procure-
ment/distribution agencies can support them. In practical terms, this
means unit actions must be translatable into projected requirements for
personnel in grade, branch, military occupational specialty (MOS), level
detail, and equipment at line item number (LIN) detail over a five year
period. The rules of transformation must be disseminated as guidance to
the Army in the field for implementation, and the detailed field response
to this guidance must be fed back to Department of the Army (DA) in suf-
ficient time to support asset procurement and distribution. A two year
projection is required to initiate asset distribution programing.

It is tacitly impossible for the Army in the field to accomplish
such projections and, consequently, DA makes them. However, the quali-
tative accuracy of these projections is directly dependent on field input
for reasons described in the ensuing paragraphs.

Guidance, as received by DA, is normally general in nature. The
rule used in issuing guidance to major commands (MACOMs) is not to con-
strain excessively subordinates' ability to allocate resources in con-
sonance with their concept for mission accomplishment. The practical
effect is that guidance remains at a high level of aggregation until it
reaches the unit which must implement it.

Detailed information is developed at unit level where the qualita-
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tive decisions are made regarding how the unit will be changed. The
results of these changes (in grade, branch, MOS detail) are documented
in a change to the unit's Army Authorization Documents System (TAADS)
document. When equipment authorizations also change, these changes are
noted in the TAADS document in LIN level detail. The proposed document
changes are then forwarded, through commands, to DA for approval. These
documents are the basis for projecting asset requirements associated
with units. As previously indicated, DA projects force structure auth-
orizations seven years into the future. The Structure and Composition
System (SACS) provides a capability for computing force structure equip-
ment and/or personnel requirements and authorizations for a real or
hypothetical force, for the current year and each of a series of future
yvears. It does this by mathematically factoring strengths in existing
TAADS documents to match future personnel and equipment authorizations.
The basis for this factoring is the authorization data contained in the
Force Accounting System (FAS). Equipment requirements are determined in
a similar fashion, utilizing routines to account for modernization.

It is necessary to describe how the authorization data is developed
which provides the basis for mathematically factoring the TAADS document.
As implied, the field normally tries to document authorizations in the
short run (current year), while the Army Staff is making projections
from these documents up to seven years beyond the current year. Although
the guidance passed to subordinates deliberately is kept as broad as
possible, it is necessary to make detailed changes in data bases for
planning, programing, and budgeting purposes. A statement that a budget
could not be presented because detailed field input was lacking would
be unacceptable. Consequently, data bases are changed on the basis of
"assumptions'" regarding how subordinates will implement generalized
guidance.

This guidance information is not normally at unit level detail and
must be translated to that level in order to maintain a valid Army troop
list. Since field responses are not timely enough, DA action officers
make ''program assumptions' at unit level, describing how they think the
field will respond. This information establishes the programed data
base used to factor TAADS documents mathematically and project asset
requirements for Army procurement and distribution.

The assumption/command plan procedure is designed to mitigate the
effect of the relatively long lead time it takes for DA to receive an
approved TAADS document change.

This process mathematically adjusts current authorization documents
to meet future projections and provides the basis for detailed acquisi-
tion of people and equipment. Distribution of people and equipment is
based upon the most recently approved authorization document--which is
different from the mathematically factored document used to create the
"people and equipment pool" from which distribution is made. This prob-
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lem, which impacts upon unit readiness and morale, should be alleviated
as system response times improve and more users can review the systems'
data.

An integrated management information system is being defined for
development which will service all customers (from DA through unit) with
an automated force development capability and centralized, edited data.
As this system tracks guidance, maintaining an audit trail of force
structure decisions, information concerning the detailed impact of force
guidance will become available. This information should prove invaluable
in defining the cost coefficients required by constrained force develop-
ment. Furthermore, such a system will facilitate the timely and accurate
flow of detailed information regarding future actions between DA and the
field. This will permit use of operations research techniques to program
force structure with attendant savings of money and manpower.

It is important to realize that the management information system
being designed is more than a collection of computers and computer pro-
grams. It is an organized method of providing past, present, and pro-
jected force structure information relating to the internal operations
of each using headquarters and provides externally generated information
from each headquarters' subordinate elements. The system must support
the planning, programing, budgeting, control, and operational functions
of force development by furnishing uniform information in the proper time-
frame to assist decision makers.

TOTAL FORCE -~ AN ARMY GOAL STATE

The Total Force concept has its origin in national policy statements
which directed greater reliance on Reserve Components. The Reserve
Components were always considered in force planning, but previously in-
sufficient attention was devoted to their full integration in a Total
Force concept. Much analysis was done on risk assessment of combat
units but little was done of combat service support units. Many real
constraints on the rules of transformation were ignored due to their
complexity and due to the inability of the process to recognize them.

A giant step toward correcting these force planning deficiencies
and developing a methodology to prevent their recurrence is the Army
Total Force study effort. The following discussion highlights the cur-
rent study methodology and describes on-going efforts to relate Total
Force resource requirements with resource availability.

The process begins with definition of the combat units around which
the study is based. This force is specified as guidance by the Chief of
Staff. From this, the study develops support requirements. Combat unit
requirements are not addressed, other than in fine tuning the injection
of the given combat units into a theater subject to strategic lift con-
straints. These combat units are initially analyzed in the Force and
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Weapon Analysis Project (FOREWON) system. The FOREWON system was devel-
oped for Army use by the Research Analysis Corporation (formerly RAC,
now General Research Corporation, GRC) and is currently operated by the
Army's Concept Analysis Agency (CAA). The FOREWON system consists of
five separate but integrated models. Four of these models are used in
Total Force analyses.

A lift model, the Preliminary Force Designer - Simulation Alloca-
tion Model (PFD-SAM) deploys units to a theater of operations and gener-
ates arrival dates. This model provides a preliminary allocation of
the force and the available 1ift, and uses linear programing and computer
simulation techniques.

A wargame model, A Tactical Logistical and Air Simulation (ATLAS)
model employs combat units against an assumed enemy as the units arrive
in the theater. ATLAS is a computerized theater wargame designed to
determine quickly the outcome of an extended combat period.

The force wargamed in ATLAS consists of combat and combat support
units. Based on the results of the wargame a logistics or force round-
out model, Administrative and Logistical Support (FASTALS), is used to
develop the combat service support required to support the combat forces.

Finally, a force aggregation model, Objective Force Designer (OFD)
is used to develop an aggregated troop list to support the strategy being
examined for all theaters of interest.

The results of this process are then subjected to more detailed
analysis through use of the Concepts Evaluation Model (CEM) created by
GRC and operated by CAA. The CEM is a theater-level combat simulation
similar to ATLAS but which includes the additional features of combat at
the brigade level and a more sophisticated logistics sub-model. The CEM
permits analysis of the weapons system mix on the battlefield through a
FEBA trace. A process of iterating between the SMOBSMOB (a more refined
lift model than PFD-SAM) and the CEM permits fine tuning of the deploy-
ment schedule to improve warfighting subject to lift, combat unit and
logistical constraints. The deployment schedule is viewed as an explicit
statement of the Army's prioritized need for units as determined by their
warfighting contribution. This prioritization is the key to applying
constraints and developing rules of transformation. Furthermore, through
the CEM's logistics sub-model, the study analyzes the effects of war
reserve availability on the Army's needs for type units.

Described thus far has been a methodology for defining a relatively
unconstrained force. A first step in assessing thé resource requirements

of this force is the translation of the force into Army budget and FYDP
terms.

To initiate this process, the goal state is converted into detailed
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personnel and logistical information through use of the automated SACS.
The SACS process has been discussed in the preceeding section. Personnel
and logistics agencies are asked to evaluate the programed force struc-
ture changes postulated in the rules of transformation and assess their
impact, on a unit by unit basis, in their areas of interest. Prior to
this assessment, these agencies have validated the requirements for each
unit in the goal state. Consequently, this analysis identifies needs for
trade-offs and provides relative measures of cost and benefits with which
to accomplish them. The Force Stratification Model, developed by the
Engineer Studies Group (ESG), is concurrently used to analyze and compare
the goal state and initial object state in terms of internal unit struc-
ture.

Relevant costs associated with the force change scenario are devel-
oped. These costs are staffed with the appropriate Army budget and FYDP
program directors. Again, the result improves the quality of trade-off
analysis and resource management.

Total Force data developed will be used for the PPBS cycle of 1977-
1981. Concurrently, a methodology for synchronizing the PPBS products
with the Total Force (goal state) is being developed. Essentially, this
methodology is based upon a comparison of the Target Total Force (goal
state) with the programed force (initial object state) and the recommenda-
tion of force structure actions required, on a unit for unit basis, (by
FY over the POM years 77-8l) to align the programed with the target force
(rules of transformation). These force structure actions will be activa-
tions, inactivations, reorganizations, changes of command assignment, and/
or geographic location changes. An attempt will be made to assess ex-
plicitly the projected impact of these changes on selected criteria such
as personnel and fiscal feasibility. The Constrained Force Model (CONFORM)
developed by GRC and operated by USAMSSA will be used for this purpose.
These recommended force structure changes are essentially a scenario to
map the Army today into the Total Force goal state at selected future
points. 1In this regard, the scenario may be considered an explicit state-
ment of rules of transformation. However, inherent in these rules are
priorities which reflect the relative contribution of each unit to war-
fighting. These priorities provide a mechanism for applying constraints.

CONCLUSION

Constrained force development has become an omnibus effort interwin-
ing previously disjointed actions in a symbiotic manner. The desired re-
sult is increased systems synergy and reduced process diffusion. A corol -
lary objective is an integrating link comprised of a meta-language for
defining problems which transcends technocratic jargon.

Two on-going projects have been described from the standpoint of

constrained force development. Their description, in terms defining
force structure problems, is intended to make their mutual dependence

95




apparent. Defining the initial object state (the Army now) provides

the basis for projecting future force structure requirements. If our
definitions of the initial object state are faulty, projections from that
base compound the problem and impose undesirable constraints upon future
force options.

Providing visibility to planning factors and other unit related
information will help purge bad data from the system and result in im-
proved information. Tracking force development guidance and documenting
its implementation allows use of sophisticated force programing techni-
ques, improves process accuracy, reduces manpower requirements, and
makes process constraints more explicit. By overturning the rock under
which the force program is currently developed, process diffusion will be
reduced and the mutual dependence of force related actions will become
more apparent.

Inherent in making good short run force structure decisions is a
defined goal state. A methodology for defining support requirements and
relating future force structures to resource availability has been dis-
cussed. This methodology ignores civilian manpower and in so doing makes
impossible detailed analysis of the general support force. Little
analysis is devoted to special mission forces and a method for accomp-
lishing such analysis using existing techniques is not apparent. No
discussion has been devoted to defining requirements for combat units
under constraints. These are major shortcomings in our attempts to
define the force development goal state.

All of the information needed to make force development decisions
(assuming there is a defined goal state) will not be provided by the
management information system described earlier. Readiness, equipment
availability, personnel availability, and fiscal information has been
excluded from the data base.

Despite these shortcomings, significant improvements in constrained
force development are being accrued.

Acceleration of processing time through automatic data processing
and concurrent use of operations resesrch models will make development
of multiple alternatives possible. These alternatives will represent
more accurate rules of transformation and, being explicit, will focus
attention upon tight constraints. These actions make possible the
integration of functional force development activities performed by the
Army Staff.

The Total Force study effort operates outside of, and precedes,' a
PPBS cycle (POM-Budget-Execution) in terms of force development. Conse-
quently, analysis of the goal state, with respect to the Total Force, is
not constrained by PPBS milestones and can be conducted in a more relaxed
atmosphere.
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Finally, and perhaps of most importance, constrained force develop-
ment stresses the logic which should exist between troop lists generated
by the Army Staff. If the best military judgment determines that the
Joint Strategic Objectives Plan (JSOP) force can satisfy the Army's
strategic requirements, there should be a good explanation for requiring
a unit in the Total Force (more constrained than the JSOP) which was not
stated as a JSOP requirement. Using the same logic, there should be a
good explanation for requiring a unit in the POM force (more constrained
than the Total Force) which was not stated as a Total Force requirement.
The same analysis holds for the Budget force.
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TITLE: General Purpose Force Potentials

AUTHORS: Dr. W.J. Schultis and Dr. F.G. Parsons
Institute for Defense Analyses

For some time we at IDA have been conducting research, the objective
of which is to provide analytic tools for force-capability comparisons of
NATO and wWarsaw Pact forces in Central Europe. We believe the methodology
should be sensitive to important qualitative differences in weapons and
to differences in force composition. At the same time, the methodology
should be mathematically defensible, yet conceptually simple enough that
it is heuristically justifiable, While it is instructive to compare the
opposing forces in terms of relative numbers of personnel, tanks, artil-
lery pieces, aircraft, etc., the neglect of potentially significant dif-
ferences in weapon quality limits the utility of such assessments.

At the other extreme in the spectrum of methodologies are "simula-
tions" or Ywar games," nearly always implemented as computer programs.
Such methodologies vary greatly in scope and level of detail. There are
detailed simulations of battles between small ground units, tank-vs-tank
duels, and training-aid games for the simulation of combat commanders'
decision environments, but these detailed models were not intended for
use in force-balance assessments or for aggregation into a larger-scope
model, which would be prohibitive in terms of time, cost, and the de-
mand for data.

There are also "global" war game models which can be quite useful
for "one-sided" analyses, such as assessing logistic requirements, air
defense needs, capacity of communications systems, etc., but which suf-
fer from inscrutability when used in assessing relative force capabil-
ities. The necessity for built-in assumptions (to allow the computer
to execute its calculations) and the mystique of the data-preparation
process limit the ability of the user to verify the validity of pre-
dictions by such models.

In attempting to develop comparative measures of combat potential
that are intuitively recognizable as useful indices, consideration was
given to previous efforts of the military analytic community. Review
of Index Measures of Combat Effectiveness by D.M. Lester and R.F.
Robinson contains descriptions of much of that work, viz.,, Firepower
Potential, Weapons Effectiveness Indices, Index of Combat Effective-
ness, Weighted Unit Value, Combat Power Scores, and Quantified Judg-
ment Method.

This paper presents several measures of force capability that re-
flect the quantity of major equipment items and some aspects of their
quality. 1In order to provide the means for comparing NATO and Warsaw
Pact in Central Europe, these measures, which are called "attriting
potentials," are defined so that they represent the theater-wide capa-
bility of each side or the total potential to do a particular job.
Thus, as nearly as possible, these measures of potential are scenario-
independent and do not purport to represent how a battle would progress
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in a particular sector of the battleground. Rather, such measures give
an impression of relative capability of one side with respect to the
other, theater-wide,

The worth of many types of equipment is represented herein only by
a net potential capability to defeat typical targets presented by an
opponent, To obtain a relative comparison of the two sides, the measures
are based on stylized targets within effective range of the weaponry whose
potential effectiveness is being measured. Again, these measures do not
represent the outcome of the local battle or engagement, but rather the
relative total capability of each side to participate in a hypothetical
engagement, given an abundance of targets already acquired. Clearly, in
an actual battle, the full capability of either side would never be
brought to bear. In short, these are measures of potential, not actual,
capability. Measures of actual capability require a detailed under-
standing and modeling of target acquisition capability, command and con-
trol, and tactics, among many other factors, none of which is addressed
by these measures., Nor do these measures take account of night and ad-
verse weather effects on operations,

EXHIBIT 1 (V)
POTENTIAL MEASURES AND THEIR CHARACTERISTICS

MEASURES
PERSONNEL ATTRITING POTENTIAL PAP
TANK ATTRITING POTENTIAL TAP
BASED AIRCRAFT ATTRITING POTENTIAL BAAP
POL ATTRITING POTENTIAL POLAP

CHARACTERISTICS

THEATER-WIDE
INVOLVE PRIMARY ARMS & TARGETS OF WARFARE

RELATE QUANTITY & QUALITY OF MANY DISSIMILAR
WEAPONS TO A SINGLE GOAL

MEASURE POTENTIAL CAPABILITY RELATIVE TO PROBLEM
INTUITIVELY UNDERSTANDABLE
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The stylized targets against which the capabilit
tbe two §1des is.to be expressed are personnel? tanksf gﬁsggeaggzggitof
(i.e., aircraft in shelters, in revetments, and parked in the open), and
POL storage. These targets were chosen (1) because they are importént
elemen?s in modern warfare, (2) because the effectiveness of weaponry in
at§agk1ng Yhese targets is calculable, and (3) because the impact ofyat-
tr1§1ng.these targets is directly recognizable. Other targets, e.g., com-
munication nodes, might have been chosen; however, attrition o% s&cﬂ’tar—
gets still legves a more fundamental question to be addressed, viz the
impact of their loss on the relative balance, The chosen taréets éé ear
so fun@amgntally important that the ratio of their losses would appegr
to be indices of relative strengths. Unfortunately, other fundamental
elements are not included in this analysis. Air-to-air effectiveness
and ground defenses against aircraft, for example, have not been ad-
d?essed. They are very important interactions in an assessment of rela-
tive strength of opponents; nevertheless, limitations of both imagina-
g;ggsand effort prevented reduction of these interactions to simple mea-

I will now discuss each attriting i

) s ) : potential separately, the equa-
tion we use in calculating it, the types of data needed, ané assumgtions
made and some comments about intermediate level calculations. First
the Personnel Attriting Potential, . ’

EXHIBIT 2 (U)
PERSONNEL ATTRITING POTENTIAL

WORKING EQUATION

GROUND-GENERATED
¢ THE PERSONNEL ATTRITING POTENTIAL (PAP) FOR A SPECIFIC WEAPON TYPE IS DERIVED AS FOLLOWS:

- FOR EACH TYPE OF AMMUNITION EXPENDED BY THIS WEAPON,

LETHAL AREA PER DAY)=( . EXPENDITURE PER DAY OF LETHAL
PER AMMO TYPE THIS AMMO TYPE PER WEAPON X\ AREA PER ROUND

- ADD THESE QUANTITIES TO GET LETHAL AREA PER WEAPON PER DAY THEN,

LETHAL AREA FOR THIS \ _ /NUMBER OF THIS « LETHAL AREA
WEAPON TYPE PER DAY TYPE OF WEAPON PER WEAPON PER DAY

e ADD THESE QUANTITIES FOR ALL WEAPON TYPES TO GET TOTAL GROUND-GENERATED LETHAL AREA
PER DAY

e PERSONNEL ATTRITING POTENTIAL =<'°TAL,,EL:T:A’:,L AREA) "(;:SS:Y) *(ENEMY PICU)
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The potential of ground-delivered (or air-delivered) w in-
capac%tate personnel in the combat area(by indirect fire)iseiggn;oggntgal
fraction of the enemy personnel in combat units (PICU) that the weapons
of the opposite side's forces could potentially incapacitate in a day
The target base of personnel we assume is 1/3 standing, 1/3 prone an&
1/3 in fgxholes, at a concentration of 300 troops per km2. This éroop
density is an average density of a U.S. mechanized infantry company on
defense and a Soviet motorized rifle company in attack.

I? should be pointed out that the equation for Personnel Attriting
Potential involves a sum over all weapons of the product of effectiveness
per round (or sortie) and the ammunition expenditure rate (or sortie rate)
The effec?iveness is rather straightforward to calculate and difficult to )
alter arbitrarily, whereas the rates are soft and can easily be changed
Thgs,.the product and the attriting potential are sensitive to uncer- ’
tainties and arbitrariness of these rates. (This is a problem which
explicitly treated or not, all models share at least in principal,) ’
Nevertheless, ammunition expenditure rates and sortie rates are iﬁpor-

tant elements in the balance of strength (and resumabl i -
come of battles), ’ ( » P vy dnthe out

EXHIBIT 3 (U)

PERSONNEL ATTRITING POTENTIAL

TYPES OF DATA USED

TARGET TROOP DENSITY
TROOP POSTURE
NUMBER OF PERSONNEL IN COMBAT UNITS

WEAPONS NUMBER OF EACH TYPE WEAPON
MUNITION TYPE FOR EACH WEAPON
MUNITION RESUPPLY RATES
NUMBER OF A/C OF EACH TYPE
MUNITIONS LOADS FOR EACH A/C

MUNITIONS STOCKPILE
SORTIE RATES

CALCULATIONS LETHAL AREA/ DAY FOR EACH WEAPON
"STYLIZED" LOAD FOR EACH A/C
LETHAL AREA/ DAY FOR EACH A/C

TOTAL LETHAL AREA/ DAY
TOTAL PERSONNEL POTENTIALLY KILLED/ DAY

FINALLY,

» - PERSONNEL POTENTIALLY KILLED PER DAY
i PERSONNEL 1N COMBAT UNITS
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As could be deduced from the previous equation, the types of data
(or assumptions) needed for the calculations of the Personnel Attriting
Potential are shown on this exhibit.

The calculations are rather straightforward. For aircraft we have de-
veloped a "stylized load" which is a mix of the various types of munitions
available, the nature of the mix being adjusted such that the stockpile
of munitions is uniformly drawn down.

Next I will discuss the Tank Attriting Potential.

EXHIBIT 4 (U)

TANK ATTRITING POTENTIAL

GROUND-GENERATED WORKING EQUATION

s TANK KILLS FOR A SPECIFIC WEAPON TYPE
- FOR A SINGLE WEAPON OF EACH TYPE
(POTENTIAL ) L (FRACTION OF TARGET) ( PROBABILITY ) ( PROBABILITY OF )
= x x

TANK K{LLS P FIRST DETECTIONS OF HIT GIVEN KILL GIVEN
PER WEAPON i=1 \ PER RANGE INTERVAL AN AIMED SHOT A SHOT AND HIT

WHERE

5 [ FrsT DETECTIONS
i=1 \ PER RANGE INTERVAL OUT TORBSE0 il

- ADD THESE TO OBTAIN POTENTIAL TANK KILLS PER WEAPON TYPE

‘ y
POTENTIAL POTENTIAL NUMBER
TANK KILLS OF THIS
PER WEAPON | = | TANK KILLS } x| “rypp
PER WEAPON

TYPE WEAPON

S (FRAC"ON A TARG“) . 1.0WITHIN L RANGE INTERVALS

e ADD ALL THESE QUANTITIES TO FIND TOTAL TANK KILLS BY GROUND WEAPONS

TOTAL NUMBER
o TANK ATTRITING POTENTIAL = (TOT’:('I'UT_';NK) + (OF ENEMY TANKS)
IN THEATER

The potential of ground- or air-delivered weapons to kill enemy
tanks in the combat area is the potential fraction of the enemy's medium
tanks standing in the open that the weapons of the opposite side's forces
could incapacitate in a day by inflicting a mobility or firepower kill,
It is measured in enemy tanks killed by a single aimed shot from each of
a force's tank guns and ATWs divided by the total number of enemy tanks

in theater.
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It should be pointed out that the Tank Attriting Potential (unlike
the Personnel Attriting Potential) is not defined in terms of the rate
of expenditure of ammunition of the ground weapons involved. Each weapon

is allowed one aimed shot because:

e Tank-antitank encounters are likely to be relatively short
(a few hours) violent engagements without resupply.

e Vulnerability of direct-fire weapons to indirect fire and
to fire from enemy direct-fire weapons differs markedly
among the several types of weapons (e.g., portable ATWs

are much more vulnerable than are tanks),

Thus, vulner-

ability to enemy fire should be taken into account if
tank attriting potential is to be based on a one-day

period,

e Expected high attrition of antitank weapons--many will not
survive one day of combat--is an important factor in deci-

sions for equipping ground combat units,

While an artil-

lery weapon would generally be expected to fire thousands
of rounds before it is put out of action by enemy fire, the
expected life of direct-fire systems, such as tanks and
ATWs, would likely be on the order of tens of rounds fired

before attrition due to enemy fire,

Thus, expected daily

attrition should be considered if tank attriting potential

is to be based on a one-day period.

Single sorties are used for Tank Attriting Potential generated by
aircraft whose stylized loads include some ordnance which is not effec-

tive against tanks.

Thus, TAP, as defined herein, is sensitive only to quality (single-
round or single-sortie kill probability) and quantity of weapon systems,

not to rates of fire or sorties.

The types of data (or assumptions) needed in the calculations are

shown in the next Exhibit.
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EXHIBIT 5 (U)
TANK ATTRITING POTENTIAL

TYPES OF DATA USED

TARGET MEDIUM TANK VULNERABILITY DATA
NUMBER OF TARGET TANKS OF ALL KINDS

WEAPONS NUMBER OF EACH TYPE TANK FIRING
NUMBER OF EACH TYPE ANTI-TANK WEAPONS
MUNITION TYPES FOR EACH WEAPON
WEAPON KILL PROBABILITY VS. RANGE
ENGAGEMENT PROBABILITY VS, RANGE
(FIRST SITING PROBABILITY USED AS SURROGATE)

NUMBER OF A/C OF EACH TYPE
MUNITION LOADS FOR EACH A/C
MUNITIONS STOCKPILE

CALCULATIONS POTENTIAL TANK KILLS PER SHOT FOR EACH WEAPON
*STYLIZED" LOAD FOR EACH A/C
POTENTIAL TANK KILLS PER SORTIE

TOTAL POTENTIAL TANK KILLS

FINALLY,

TOTAL POTENTIAL TANK KILLS

TAP * JGMBER OF TARGET TANKS IN TREATER

. The Based Airc?aft Attriting Potential is calculated in a way simi-
liar to the two alréady mentioned, as is shown in the next Exhibit.
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EXHIBIT 6 (U)
BASED AIRCRAFT ATTRITING POTENTIAL

WORKING EQUATION

THE BASED AIRCRAFT ATTRITING POTENTIAL IS DEFINED AS:

TOTAL NUMBER OF TARGET\ . /TOTAL NUMBER OF TARGET
AIRCRAFT KILLED PER DAY / ° AIRCRAFT IN THEATER

THE TOTAL NUMBER OF TARGET AIRCRAFT KILLED PER DAY IS CALCULATED BY SUMMING, OVER ALL
THE ATTACKING AIRCRAFT, THE PRODUCT:

NUMBER OF TARGET SURGE SORTIE
AIRCRAFT KILLED RATE FOR EACH N:’h’fcﬂfimo&:g"‘ocf'
PER SORTIE FOR * | ATTACKING AIR-] * ERC e
EACH AIRCRAFT TYPE CRAFT TYPE

CALCULATE THE NUMBER OF TARGET AIRCRAFT KILLED PER SORTIE BY AN ATTACKING AIRCRAFT OF

EACH TYPE, BY MAKING THE SUM, OVER ALL THE MUNITION TYPES CARRIED BY EACH AIRCRAFT,
OF THE PRODUCT:

NUMBER OF UNITS OF EACH EXPECTED NUMBER OF TARGET
MUNITION TYPE CARRIED ) x ( AIRCRAFT KILLED PER UNIT

ON A SORTIE OF MUNITION
EXPECTED NUMBER OF FRACTION OF TARGET PROBABILITY OF
TARGET AIRCRAFT KILLED) ={ AIRCRAFT IN % } KILLING AIRCRAFT
PER UNIT OF MUNITION SHELTERS j IN SHELTER WITH

UNIT OF MUNITION |

AIRCRAFT IN KILLING AIRCRAFT
REVETMENTS IN REVETMENT WITH
UNIT OF MUNITION |

{FRACTION OF TARGET} \ PROBABILITY OF
+ x

FRACTION OF TARGETl ( PROBABILITY OF
+{AIRCRAFT PARKED IN S»x KILLING AIRCRAFT

OPEN IN THE OPEN WITH

UNIT OF MUNITION

The Based Aircraft Attriting Potential is defined as the gotential
of an air force to destroy an opposing force's aircraft, assuming that
they are on the ground.

Tt is the fraction of the opposition's aircraft on the ground that
can potentially be destroyed beyond repair (K-kill) in-ope day Wheg one
air force, unopposed by air defense, strikes the opposition's airfields.
Tt is measured in aircraft killed per day divided by the total number
of the opposition's aircraft in theater.

As can be seen in the exhibit, based aircraft are accounted for in
three postures--in shelters, in revetments, and parked in the open—-bef
cause their vulnerability to various types of munition are so vastly dif-
ferent in these postures.
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Again, the data required for such a calculation are shown in Ex-
hibit 7.

EXHIBIT 7 ()
BASED AIRCRAFT ATTRITING POTENTIAL

TYPES OF DATA USED

TARGET VULNERABILITY OF SHELTERS & REVETMENTS
SPACING OF SHELTERS & REVETMENTS
NUMBER OF SHELTERS & REVETMENTS
NUMBER OF TARGET A/C

WEAPONS NUMBER OF A/C OF EACH TYPE
MUNITION LOADS FOR EACH A/C
MUNITIONS STOCKPILE
SORTIE RATES

CALCULATIONS FRACTION OF TARGET A/C IN EACH BASING OPTION
NUMBER OF POTENTIAL A/C KILLS PER SORTIE FOR EACH
BASING OPTION

TOTAL NUMBER OF POTENTIAL A/C KILLS PER DAY
FINALLY,

TOTAL NUMBER OF POTENTIAL A/C KILLS PER DAY

BAAP = ——3GTAL NUMBER OF TARGET A/C IN THEATER

Finally, I will discuss the POL Attriting Potential.

Again note that POL storage is accounted for in three postures--in
surface tanks, horizontal subsurface tanks, and in vertical subsurface
tanks--because their vulnerability is quite different.

The POL Attriting Potential is defined as the potential of an air
force to destroy the opposition's POL storage capacity at fixed instal-
lations.

It is the fraction of the opposition's military and civilian POL
which can potentially be destroyed in one day when one air force, un-
opposed by air defense, strikes the opposition's POL storage areas,
It is measured in barrels of POL storage capacity destroyed per day
divided by the total barrels of POL storage capacity in theater.
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EXHIBIT 8 (U)
POL ATTRITING POTENTIAL
WORKING EQUATION

e THE POL ATTRITING POTENTIAL IS DEFINED AS:

TOTAL POL STORAGE TOTAL POL STORAGE
CAPACITY DESTROYED) + CAPACITY IN
PER DAY THEATER
e THE TOTAL POL STORAGE CAPACITY DESTROYED PER DAY IS CALCULATED BY SUMMING OVER *
ALL THE ATTACKING AIRCRAFT, THE PRODUCT;
POL STORAGE CAPACITY

SUSTAINED SORTIE NUMBER OF AT-

DESTROYED PER SORTIE | (RATE FOR EACH Al- TACKING AIR-
8Y EACH ATTACKING TACKING AIRCRAFT | ™ | CRAFT OF EACH
AIRCRAFT TYPE TYPE AIRCRAFT TYPE

e CALCULATE THE POL STORAGE CAPACITY DESTROYED PER SORTIE BY EACH ATTACKING
AIRCRAFT TYPE, 8Y MAKING THE SUM, OVER ALL THE MUNITIONS TYPES CARRIED BY
EACH ATTACKING AIRCRAFT, OF THE PRODUCT.

NUMBER OF UNITS OF EXPECTED POL STORAGE
(EACH MUNITION CARRIED) x (CAPACITY DESTROYED PER)

BY A SORTIE UNIT OF MUNITION
s AND
EXPECTED POL FRACTION OF PROBASBILITY AVERAGE
STORAGE CAPACITY =5 SURFACE POL{ x \ OF DESTROYING l x CAPACITY
DESTROYED PER 2 TANKS A SURFACE POL OF A SUR-
UNIT OF MUNITION TANK WITH ONE FACE POL
UNIT OF MUNI- TANK
TION
SFRACTION OF ( PROBABILITY AVERAGE
. ) HORIZONTAL{ | OF DESTROYING | CAPACITY
SUBSURFACE A HORIZONTAL OF A
POL TANKS s SUBSURFACE HORIZONTAL
POL TANK WITH SUBSURFACE
ONE UNIT OF POL TANK
MUNITION
' FRACTION OF . PROBABILITY AVERAGE
VERTICAL OF DESTROYING CAPACITY
1 SUBSURFACE ( * A VERTICAL * OF A
POL TANKS SUBSURFACE VERTICAL
POL TANK WITH SUBSURFACE
ONE UNIT OF POL TANK
MUNITION

The data needed for such a calculation is shown in the next exhibit.
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EXHIBIT 9 (U)
POL ATTRITING POTENTIAL

TYPES OF DATA USED

TARGET VULNERABILITY OF ABOVE & BELOW GROUND STORAGE TANKS
SPACING OF STORAGE TANKS
NUMBER OF EACH TYPE STORAGE TANK
AVERAGE CAPACITY OF TANKS
TOTAL STORAGE CAPACITY

WEAPONS NUMBER OF A/C OF EACH TYPE
MUNITIONS LOADS FOR EACH A/C
MUNITIONS STOCKPILE
SORTIE RATES

CALCULATIONS FRACTION OF STORAGE CAPACITY IN EACH TYPE STORAGE
AMOUNT OF STORAGE DESTROYED OF EACH TYPE STORAGE PER DAY

TOTAL AMOUNT OF STORAGE POTENTIALLY DESTROYED PER DAY
FINALLY,

TOTAL AMOUNT OF STORAGE POTENTIALLY DESTROYED PER DAY

Ol P TOTAL TARGET STORAGE CAPACITY

Using these four measures of the relative balance, illustrative cal-
culations have been made for the Central Front in Europe. These calcula-
tions are presented in a classified report, "Comparison of Military Poten-
tial: NATO and the Warsaw Pact," (IDA S-435). One should note that the
calculations presented in the report only illustrate the methodology. The
data base upon which the calculations were based was not "official," but
one which personnel at IDA have put together for this purpose. We tried
to obtain realistic estimates of all the many kinds of data used; however,
these may or may not be the same in detail as those used by our negotiating
team in MBFR. We did not attempt to reconcile the data bases, which would
be no small task.

In summary, we have developed four potential measures of effective-
ness which might be used as analytic tools for force capability compari-
sons, They include both measures of weapon quality and force composition.
They are neither as simple as a comparison of numbers of personnel, tanks,
etc,, nor as complex as "war games" or “simulations.,"
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SUBJECT: The Heavy Lift Helicopter Cost and Operational
Effectiveness Analysis

AUTHOR: Major Daniel M. Eggleston, Jr.
AGENCY: USA Concepts Analysis Agency

I. INTRODUCTION

Background. - The Heavy Lift Helicopter Cost and Operational Effec-
tiveness Analysis was performed by USA Concepts Analysis Agency to
fulfill the requirements for a Concept Formulation Package contained
in Army Regulation 1000-1, "Basic Policies for System Acquisition by
Department of the Army." The objectives of the analysis were to:

Create mission profiles hinged to a set of three scenarios which
highlight logically occurring transportation networks in order to de-
termine the value added to the force by the heavy 1ift helicopter.

Describe the force structure, possible trade-offs, and implications
of introducing several reasonable and effective levels of heavy 1ift
helicopters into the Army.

Determine the net marginal cost over time of adding heavy 1lift
helicopters to the force for comparison with the approved budget plan.

Missions. - The missions analyzed are depicted in Figure 1. These
missions allowed the assessment of the complementary and competitive
aspects of all modes of transportation in both logistical and combat
support roles.

a. Logistics-Over-The-Shore. - The logistics-over-the-shore
mission deals with the offloading of cargo ships using lighterage or
helicopters. The cargo, which is either break-bulk or containerized,
is moved over the beach to an inland marshaling area. In the three
geographic areas specified by the scenarios, there are sufficient deep-
water ports to support the movement requirement. A logistics-over-the-
shore operation is necessary only if use of the ports is denied.

b. Port and Airfield Clearance. - The port and airfield clearance
mission deals with the movement of containers and break-bulk cargo from
a port or airfield to either a forward depot or a corps general support
service area. The alternative transportation systems for this movement
requirement are trucks and helicopters. If rail or pipeline assets are
available to perform a portion (or all) of the movement, then analysis
is limited to the portion which is not delivered by rail or pipeline.
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c. Retail Délivery. - The retail deliyery mission deals with the
movement of containers and break-bulk cargo from the forward depots and
corps general support service areas to the diyision rear areas. This
mission occurs concurrently with the port and airfield clearance mission.
The alternative transportation systems for this mission are trucks and

helicopters. The retail delivery of bulk petroleum products is not
examined.

d. Tactical Support. - The tactical support missions are other
possible combat support and combat service support missions for the
heavy 1ift helicopter which are distinct from the logistical missions
discussed prev1ous]y A distinguishing characteristic of these missions
is that time is an important consideration in determining how the move-
ment will be performed. An example of this type of mission is the
necessity to rapidly displace artillery.

mssxous/scmmmos

LOGISTICS-OVER-TH

SHORE
ARTILLERY
oliai> .A * (ETAIL LOGISTICS

CLURANC[ ggn(;[s

/V
/«/ & \cncn SUPPORT

\ £ BARRIERS

EUROPE
AID TO ALLIES

MINOR CONTINGENCY

FIGURE 1, Miss{an and Scenarios
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Scenarios. - The study directiye required that three scenarios provide
the environment for the mission analyses. The scenarios were generally
stated as:

a. A major operation in either Europe or Northeast Asia.
b. A situation where assistance to allies is being provided.

c. Conduct of a minor contingency.

An analysis was first made to determine where each required scenario
might realistically occur in the 1980-91 time frame. This was done in
coordination with elements of the Army Staff and the combat developments
community. Based upon Army plans and projected possible political devel-
opments, we selected Europe as the site for a major operation, the Middle
East for an assistance to allied situation, and Latin America for a minor
contingency. The force bases for the three scenarios were the planned
forces for a conventional war in Europe during the 1980-91 time frame,

a three-division force in the Middle East, and a one-division force in
Latin America.

II. THE STUDY APPROACH

Evaluation Criteria. - We conducted a literature search and reviewed
existing models to determine what evaluation criteria already existed
for transportation systems. With this background, we formulated the
following evaluation criteria:

a. The cost of transporting required amounts of cargo from given
sources to desired destinations during a specified time period. The
outcome is expressed as the family of transportation systems which
minimizes the cost of accomplishing the movement requirement.

b. The time required to move a specified amount of cargo from given
sources to desired destinations. The outcome is expressed as the family
of transportation systems which minimizes the time required to accomplish
the movement requirements.

c. The impact of adding heavy 1ift helicopters to families of trans-
portation systems performing each of four missions under normal (steady-
state) conditions.

d. The impact of adding heavy 1ift helicopters to families of trans-
portation systems performing each of four missions under changing (trans-
ient) conditions.

e. The relative productivities and costs of competing helicopters.
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f. Mission flexibilities proyided by heayy 1ift helicopters which
are not provided by other systems.

g. The relative vulnerabilities of the competing systems.

h. The impact of the heavy 1ift helicopter on the force structure.

i. The impact of the heavy 1ift helicopter on a constrained budget.
Deyelopment of the Methodology. - At the same time that we were estab-
1ishing the missions and scenarios to be analyzed, we developed the study
methodology. The study methodology called for 116 separate study tasks.

These tasks ranged from defining vehicle productivity to modeling the
system, performing sensitivity analyses, and writing the final report.

a. PERT Analysis. - A PERT analysis of the study tasks revealed
that the time allowed for the study (ten months) made use of an existing
model mandatory. There was not sufficient time both to develop a model
capable of handling all the missions and scenarios and to perform the
subsequent analysis. Therefore we intensified our review of existing
models to identify the ones most applicable to our analysis.

b. Model Selection. - Our review lead us to the European Theater
Network Analysis Model (ETNAM). This model is essentially a linear
programing formulation of military theater logistic problems. It was
originally developed for the European theater to insure that the model
would be large enough to handle any other theater, regardless of the
size or complexity of its transportation network. We had to modify
ETNAM slightly to expand its capability. We called the modified model
the Theater Network Analysis Model (TNAM).

Requirements for Additional Models. - The Theater Network Analysis

Model provided the outputs necessary to satisfy the evaluation criteria
relating to the minimum cost and time families of transportation systems
operating under normal conditions. Additional models were required to
develop inputs for Theater Network Analysis Model, to give an insight

into the impact of HLH on families operating under non-steady-state
conditions, and to determine the relative vulnerabilities of the competing
helicopter systems. The actual models used are listed below:

a. ATLAS. -~ A Tactical Logistical and Air Simulation Model. A
low-resoTution computerized theater combat model.”

b. Battalion Slice. -~ A Modular Force Planning System. Determines
theater lTogistics/administrative workloads and units required to accomp-
lish these workloads, based on a battalion-size theater slice.

c. CEM. CONAF Evaluation Model. A low-resolution computerized
theater combat model; simulates command decisions on unit employment.
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d. FASTALS. ~ Force Analysis S1mu1at1on of Theater Administration
and Logistics Support Model. Computes time-phased logistics/administra-
tive workloads for an active theater and rounds out the force with units
to perform these workloads.

e. SMOBSMOD. Strategic Mobility Simulation Model. Inter-Theater
movement capability estimator.

f. TNAM. - Theater Network Analysis Model. A modified version of
the European Theater Network Analysis Model that provides a linear pro-
graming formulation of intra-theater logistics systems.

g. Aggregating Model. - Provides an analysis of the impact of net-
work degradation on the costs of fielding a particular transportation
family.

Interface Among the Models. The interface among the models is shown in
Figure 2. These models were used for the European and Middle East scen-
arios only. The Latin America scenario did not require computer-aided
analysis.

SCINARIO (SITUATION
AND THREAT)

LOGISTICAL AND
. BN SLIcE TROOP LISTS TACTICAL

« FASTALS AND DEPLOYRENT fNVIROREENTS

« SHONSROD
BOPELS

YRERANLTY
 PERFORMANCE DATA ABALYSIS
* LOG misSIONS
*SYSTEMS
* COSTS

TACTICAL
surrony

nission
ARALYSES

Bin COsY
ARD BN
Time
FARILIES

SERSIivITY
ARALYSIS

FIGURE 2, Interface Among the Models
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a. Europe. - The Battalion Slice and FASTALS models were used to
round out troop lists and provide logistical data for the European
theater. These results were input to the CEM to obtain logistical loca-
tions for the placement of combat service support activities. This
information, when combined with data on systems capabilities, costs and
missions to be performed, formed the input to the Theater Network
Analysis Model.

b. Middle East. - We used the SMOBSMOD for the Middle East
analysis. It provided the times when the force elements closed and be-
gan requiring supplies, and the time-phased arrival of supplies into
the theater by location. This data was input to the ATLAS wargame to
determine the location of friendly and enemy forces, the combat activity
each day, and the logical locations for combat service support acitivities.
As in the European theater analysis, this information was combined with
data on transportation systems and missions to form the input to the
Theater Network Analysis Model.

c. Sensitivity Analysis. - The outputs from the Theater Network
Analysis Model were those families of transportation systems that min-
imized either the cost or time of performing a particular movement
requirement. The particular families selected by the model were highly
dependent upon assumptions concerning the physical condition and avail-
ability of the highway network. As long as good roads were available,
trucks were more economical than helicopters. When roads were severely
degraded, helicopters were more economical than trucks. The problem
was the determination of the frequency and duration of network degra-

dation. To help us with this problem, we developed the Aggregating
Model.

d. The Aggregating Model. - This model casts the transportation
network as a two-state Markov chain with stationary transition proba-
bilities. By varying the probabilities of network degradation and
restoration, we were able to determine the circumstances that would
cause us to be indifferent in our choice among transportation systems.
That is, we could describe the circumstances that would make the long-
run expected costs of the different systems equal to one another. The
insights provided by this model formed the basis for our final report.

e. Other Analyses. - We supplemented the analysis of logistics
missions with vulnerability analyses (air-to-air and ground-to-air) and
the analysis of the capability of the heavy 1ift helicopter to perform
tactical support missions. These analyses provided insights on the
practicable uses of the heavy 1ift helicopter in a combat theater.

IIT. FORCE STRUCTURE IMPLICATIONS

Possible Quantities of Heavy Lift Helicopters. - The analysis showed
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that a decision to procure heayy 1ift helicopters could not be Tlinked

to a foundation of routine utility. Instead, these helicopters proyided

a hedge to extend the range of the transportation system to meet surge
requirements. With this in mind, we identified reasonable quantities

of heavy 1ift helicopters capable of supporting the forces in the three
scenarios. When considering the possible missions for the heavy 1ift
helicopter, the maintenance manpower and other support requirements,

the aging of the current fleet, and the quantities that we had identified,
we found that the heavy 1ift helicopter could be integrated into the

force structure with virtually no increase in personnel spaces.

Force Capabilities. - Recall that one of our evaluation criteria was
the value added to the force by the heavy 1ift helicopter. We were
interested principally in how the heavy 1ift helicopter contributed to
winning the war. We found that the contribution could be measured in
only the Middle East scenario. There was no visible impact in the other
two scenarios. The following paragraphs discuss our analysis of the
Middle East scenario.

a. Base Case Analysis. - The Middle East scenario demanded
early deployment of combat power, properly supported by logistics,
against an enemy force advancing with some momentum. Crucial to the
operation was the need to hold the forward destination airfield. The
results of the ATLAS wargame showed that the necessity to deploy both
combat and support units to the theater caused the combat power of the
force to be marginal during the early days of the war. The enemy force
was able to advance almost to within artillery range of the forward
destination airfield before he was stopped. The depth of the enemy
advance indicated that the planned deployment carried a high degree of
risk. Therefore we examined two alternative ways to increase the combat
power of the force earlier in the deployment schedule. The first alter-
native involved using heavy 1ift helicopters wherever feasible in lieu
of other transportation systems. The second alternative was to increase
the size of the strategic 1ift force with the quantity of C-5 aircraft
equal in cost to the number of heavy 1ift helicopters used in the first
alternative.

b. Use of Heavy Lift Helicopters. - The heavy 1ift helicopter
has sufficient range to self-deploy to the Middle East from the United
States. It does not require strategic 1ift support. Its use in the
Middle East scenario eleminated the need for 22 support organizations
and allowed the arrival of 7 additional support units to be deferred.
The strategic 1ift capability freed by removing these units from the
deployment list or deferring their deployment enabled combat units to
be deployed at a faster rate. To assess the magnitude of the increase
in combat power gained by use of the heavy 1ift helicopter, firepower
scores for the combat elements of the force were computed for both the
base case and the heavy 1ift helicopter case. The scores were then
multiplied by the number of days that each combat element was in the
theater until all combat forces had arrived. Measured in this fashion,
the heavy 1ift helicopters case force had 15 percent more firepower then
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the base case force. Results from the ATLAS wargame, using the accel~
erated deployment schedule, indicated that the enemy advance would be
stopped far enough from the forward airfield to prevent its interdiction
by enemy artillery fire.

c. The Equal-Cost Alternative. - In this alternative, the strategic
1ift forces were increased by the quantity of C-5 aircraft equal in cost
to the number of heavy 1ift helicopters used in the case just discussed.
The increased 1ift capability did not provide as much increase in combat
power as did use of the heavy 1ift helicopters because of sortie con-
straints at the destination airfields. That is, we had more strategic
1ift than could be accomodated. We did note, however, that if the sortie
constraints were removed by either upgrading the airfields used or finding
additional ones to use, the equal-cost quantity of C-5 aircraft provided
the same increase in combat power as did use of the heavy 1ift helicopter.

d. Additional Considerations. - There are several points that a
decision-maker must consider before choosing among the alternatives
Just discussed:

. (1) The trade-off made between trucks and heavy 1ift helicopters
was not a force trade-off. That is, the support units were not eliminated
from the total force; they were eliminated from the deployment schedule.
Should the war last longer than 45 or 60 days, it may be desirable to
bring some of the original support units to the theater to avoid con-
centrating the logistical transport capability in a relatively small
number of helicopters.

(2) Use of the heavy 1ift helicopters during the first 45 days
of the war increased the theater requirements for petroleum products
and maintenance manpower. The theater requirements for petroleum pro-
ducts were increased by 25%. The maintenance manpower requirements
increased by 5500 man-hours per day. This latter requirement was within
the organic capabilities of the heavy 1ift helicopter companies and did
not necessitate provision of additional maintenance units.

IV. SUMMARY

Force Structure Implications. - The study showed that the heavy 1ift
helicopter could be integrated into the force with 1little or no increase
in required personnel spaces. It also showed that the capabilities
‘offered by the heavy 1ift helicopter represented a hedge against a surge
in requirements. These capabilities could not be considered as replacing
any of the capabilities of the currently planned transportation systems.

The Value of Operations Research. -~ Operations research techniques were
used extensively throughout the Heavy Lift Helicopter Cost and Operational
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Effectiveness Analysis. Initially they were used to establish the study
methodology and select the medels to be used in the analysis. The PERT
analysis of the study tasks showed that use of existing models was
mandatory because of time constraints. Subsequently, within the study
analysis itself, each model .used and the integration of model outputs
represented the application of operations research techniques. The use
of these techniques allowed the value of the heavy 1ift helicopter to be
measured for each of the evaluation criteria and provided a basis

for presenting the results to the decision-makers in clear-cut management
terms.
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BACKGROUND

The US Army uses several classification systems or management
structures in the planning, programming, and budgeting of Army force
structure, manpower, materiel and operating funds. These systems or
structures, which may be characterized as management languages, com-
prise primarily those prescribed by the Office of the Secretary of De-
fense (0OSD), i.e., the Five Year Defense Program (FYDP), Land Forces
Classification System (LFCS), and the Defense Planning and Programming
Categories (DPPC), as well as the Congressional budget appropriation
structure {portrayed in the Army Management Structure (AMS)). These
systems/structures all have different formats and purposes, resulting
in a multiplicity and attendant incompatibility of languages in the
management of Army forces and supporting resources.

Table 1 illustrates the four management languages. The FYDP is the
basic OSD language for recording and controlling all approved forces,
related resources, and budgetary data. The DPPC reflect an aggregation
and different array of the same program elements (PEs) contained in the
FYDP. The LFCS is a non-financial method for classifying Army force
structure, manpower and materiel programs. The AMS, which includes a
direct correlation in its coding logic between operations and mainte-
nance budget appropriations and the FYDP, is the Army's internal re-
source management structure for programming, budgeting, accounting, and
financial reporting.

The basic problem addressed in this paper derives from the fact that
the Army is using three OSD languages for describing missions and func-
tions of forces and activities. The FYDP and DPPC are closely related,
but there is a lack of compatibility between the FYDP and LFCS. While
the FYDP is the official program which summarizes approved plans and
programs for the Department of Defense (DOD), Army forces have not been
managed in their typical FYDP PEs but in force packages oriented to a
functional or mission concept, such as is embodied in the LFCS. Although
the LFCS is useful in planning and programming, it does not provide a
meaningful bridge between programming and budgeting because it is & non-
financial management language. The end result is a lack of standardiza-
tion for management purposes within the Army, which complicates communi-
cation with OSD in various phases of the planning, programming and bud-
geting system (PPBS). There is a recognized need, therefore, for a man-
agement language to reflect Army roles, missions, organization and func-
tions so that the working language employed by Army planners and program-
mers coincides with the financial management language to control resource
application.
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PURPOSE AND OBJECTIVE

This paper presents a concept for a Standard Army Management
Language (SAML) to be used for the planning, programming, budgeting
and overall management of Army force structure, manpower, materiel,
and operating funds. The objective is to improve peacetime manage-
ment of Army forces and supporting resources in the light of the Army's
wartime roles and missions and to standardize and simplify communica-
tions within the Department of the Army (DA) and between Heedquarters,
Department of the Army (HQ DA) and OSD.

SAML CONCEPT

The SAML concept is based essentially on absorption of the LFCS
into the FYDP. The concept encompasses significant changes in the cur-
rent PE structures and definitions of the FYDP (except those pertain-
ing to Research and Development). These include establishment of a
SAML PE coding logic which provides identification for geographic area
location for Active Army forces, Reserve component identification for
Army National Guard (ARNG) and US Army Reserve (USAR) forces, major
force packages, and unit and functional support. Current FYDP PE de-
finitions are expanded to portray the types of units in the force struc-
ture associated with each PE, PE definitions are categorized in ac-
cordance with the DPPC rather than current FYDP categories. Units arere-
aligned at PE level within and between FYDP programs to provide a more
meaningful distinction between combat and support forces. An audit
trail is established from existing management languages to SAML at PE
level for each Unit Identification Code (UIC) in the force. structure.

The SAML PE structure for Active Army forces and related resources
is illustrated in Table 2. It is based on the five numeric positions
of the existing FYDP PE code and a sixth position "A", designated by
DOD for all Army PEs. The first position provides major program identi-
fication at the highest level of information aggregation. The second
position provides major subprogram aggregation by related groups of
forces, activities, or functional programs. The third position provides
for force aggregations coded by geographic area locations. The fourth
position incorporates and codes LFCS force categories and, in the case
of FYDP Prograems 2 and 5, Force Plan (FPLAN) codes for the Division
Forces category of the LFCS. The fifth position identifies the lowest
level of FYDP aggregation, i.e., the specific types of units and func-
tional support elements composing the force categories and force pack-
ages associated with the fourth position. The "A" in the sixth position
indicates a DOD component identifier for the Army. In effect, the SAML
concept provides a PE structure which utilizes the FYDP PE code to con-
vey meaningful and standardized information at all levels of PE aggre-
gation for use by Army force, manpower, and materiel planners as well as
financial managers.

One of the features of the SAML concept is to realign Program 5,
Guard and Reserve Forces, along the lines of Program 2, General Purpose
forces, to enable a meaningful comparison in so far as possible between
Active Army General Purpose Forces and counterparts in Army Reserve com-
ponent forces. The SAML PE structure for Program 5 is comparable but not
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Table 2

SAML: PE STRUCTURE — ACTIVE ARMY

Position Purpose

First Major program identifier

Second Major subprogram identifier

Third Geographic area identifier

Fourth Major force package identi-
fier

Fifth Unit and functional support
identifier

Sixth A - DOD component identifier
for Army
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identical to the structure shown in Table 2. While the second position
of the PE code provides major subprogram aggregations, they are related
to several pertinent FYDP programs for the Active Army. Also, the PE
structure for Program 5 must be capable of differentiating between ARNG
and USAR missions and elements, because these require separate identi-
fication in the AMS budget appropriation structure. Since all Reserve
component units and activities can be related to the Continental United
States (CONUS) or its non-contiguous states and territories, the third
position of the PE code is used to provide Reserve component identifica-
tion rather than geographic area location.

The SAML PE coding logic is applicable to all FYDP programs with the
notable exception of Program 6, Research and Development, and a few sub-
programs contained in Program 2, Gneral Purpose Forces, and Program 3,
Intelligence and Communications. Program 6 contains approximately 200
PEs and would require an alphanumeric coding in the fifth position of
the PE code for application of the SAML PE coding logic. While this does
not pose an insurmountable problem from a data systems standpoint, it
would represent a major deviation from overall FYDP as well as SAML PE
coding logic. A more important consideration is the Congressional re-
quirement to retain in the PE coding logic Research, Development, Test
and Evaluation (RDTE) Budget Activities. These appear in the third
position of the FYDP PE code and include: (1) military sciences, (2)
aircraft and related equipment, (3) missiles and related equipment, (L)
military astronautics and related equipment, (5) ships, small craft
and related equipment, (6) ordnance, combat vehicles and related equip-
ment, (7) other equipment, and (8) program-wide management and support.
The other exceptions relate to the Unified Commands, Operational Systems
Development, and Other subprograms of Program 2 and Program 3I, Intelli-
gence and Security. PEs in these subprograms are either integral parts
of DOD-wide subprograms or, in the case of Operational Systems Develop-
ment, too numerous for adaptation of the SAML PE coding logic.

APPROACH AND METHODOLOGY

The basic operations research methodology employed in the SAML study
included establishment of the FYDP as the basis for the SAML and subdi-
vision of the effort into two phases. SAML I concentrated on restruc-
ture of FYDP Programs 2 and 5, comprising the General Purpose Forces of
the Active Army and the Reserve Components, to establish a framework for
the SAML. SAML II concentrated on restructure of the other FYDP programs
to complete the development of the SAML.

In SAML I the initial effort involved collection and analysis of
literature pertaining to the FYDP, DPPC, LFCS, AMS, and other basic
features of the PPBS. The documentation included computerized.output
data related to force planning and accounting and budgeting for use in
subsequent analyses. Concurrent effort entailed development of several
alternative major program schemes, with selection of a scheme for fur-
ther development into a detailed SAML PE concept based on absorption of
the LFCS into FYDP Programs 2 and 5.
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The next step in SAML I was to develop several alternative SAML
PE structures in detail, with the objective of incorporating the LFCS
into a revised structure for FYDP Programs 2 and 5. A concomitant ob-
Jective was to realign Program 5 in such a manner as to bring the Re-
serve Components program structure into consonance with the Active Army
structure. These actions were accomplished, in part, through the prepa-
ration of numerous tables throughout this phase of the study reflecting
an overall PE structure for Programs 2 and 5 and establishing a corre-~
lation between the two programs. As problem areas were identified in
the evolving PE structures, further fact-finding was conducted with par-
ticular reference to the delineation of combat and support forces and
examination of functional areas that might be affected by changes in
the FYDP structure or which could not be managed within the context of
the current structure.

Basic decisions by the Army Study Advisory Group (SAG) led to devel-
opment of proposed PE structures in detail, including preparation of PE
codes and definitions applicable to the realigned structure for Programs
2 and 5. The logic of the proposed changes in FYDP language structure
and content, called SAML, was examined empirically and an audit trail
developed to permit correlation of the current FYDP with SAML at PE
level. The proposed SAML was defined and documented in handbook form
comparable to the OSD FYDP Handbook.

The principal task in the SAML II study was to develop a concept for
restructuring FYDP programs other than 2 and 5, which would be compatible
with the SAML I concept and absorb the LFCS in an acceptable manner to
the Army Staff planners without adverse impact on language requirements
of financial managers. The methodology included analysis in depth of
each FYDP program from the standpoint of structure and content, using
updated documentation from the Force Accounting System (FAS) and other
sources to determine the application of Force Plan (FPLAN) codes, pro-
gram element codes (PECODs), and AMS codes (AMSCOs) to each UIC in the
Active Army force structure. A by-product of the analysis was identifi-
cation of apparent data discrepancies. A related task was to reslign
assignment of Force Plan (FPLAN) codes to UICs in order to correct
anomalies from a management standpoint and facilitate absorption of the
LFCS into the FYDP. The concept was portrayed in tables displaying
several alternative PE structures for certain FYDP programs and accom-
panying PE indexes of codes and titles. The effort involved editing and
annotation of computer printouts prepared in accordance with General Re-
search Corporation (GRC) specifications; preparation of analytical work
sheets displaying rearrangement of data applicable to UICs within each
FYDP program; and coordination with program managers, planners, manpower
managers, and data systems staff personnel.

As in the case of SAML I the PE structures were then developed in de-
tail, accompanied by preparation of PE codes and definitions and an audit
trail depicting correlation of the current FYDP with SAML at PE level.
The proposed completion of a standard management language was defined and
documented in handbook form comparable to the FYDP Handbook.
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APPLICATION OF THE SAML CONCEPT TO PROGRAMS 2 and S

Program 2, General Purpose Forces

Table 3 displays the realigned SAML PE structure for Program 2.
As stated previously, the first position provides the major program
identifier. The second position provides four major subprogram iden-
tifiers. Although geographic areas (coded in the third position) are
applied to the subprogram for Unified Command Headquarters, full ap-
plication of the concept is used only in Subprogram 22XXX, Forces
(Army). The third position provides for seven identifiers coded for
geographic areas as shown. The fourth position provides force aggre-
gations by major force packages (FPLAN) and codes the LFCS within the
Program 2 structure for those force packages and PEs pertaining to
General Purposes Forces. It also includes an "Other Forces" package
to provide expansion capability for categorization of possible future
force packages. The fourth position codes the three force categories
of the LFCS: (1) Category A, Division Forces, (2) Category B,
Special Mission Forces, and (3) Category C, General Support Forces
(with a change in terminology to Theater/CONUS Support). The fifth
position identifies the lowest level of FYDP aggregation, i.e., the
specific elements comprising the three force packages of the LFCS which
are aggregated in the fourth position. Division Forces packages are
expanded in the fifth position to provide for explicit identification
at PE level within each Division FPLAN not only for combat units but
for functional type support units as well. This is done in order to
preserve the integrity of the Division Forces concept. Certain force
units, such as communication, intelligence, medical, and logistical,
are shifted from FYDP Programs 3, 7, and 8 into Program 2. These units
are identified as clearly and definitely falling within the category of
"Division Forces," i.e., contributing directly and primarily to the sup-
port of Division Forces in combat.

Program 5, Guard and Reserve Forces

Table 4 displays the proposed realigned SAML PE structure for Pro-
gram 5. It is possible to realign major parts of Program 5 (especially
Division Forces) along the lines of Program 2 insofar as ARNG and USAR
missions and elements are comparable to Active Army missions and ele-
ments in Program 2. However, since the ARNG and USAR have some unigue
missions, the proposed PE structure for Program S5 requires a different
approach. First, included within Program 5 are certain missions and
functional aggregations which for the Active Army General Purpose Forces
in Program 2 are carried in other FYDP programs, i.e., 1, 7, 8, and 9.
Second, the PE structure for Program 5 must be capable of differentiating
between ARNG and USAR missions and elements, since these must be separate-
ly identified in the AMS budget appropriation structure. Third, although
all ARNG and USAR units are located in CONUS or noncontiguous states and
territories in peacetime, Reserve component General Purpose forces can
be identified with more Division Force packages than can comparable
Active Army elements in the light of wartime missions and deployments.
Finally, the Theater/CONUS Support Category (called General Support in
Program 5) of the Reserve components includes missions and elements that
are not germane to Program 2. These unique activities include such
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Table 3

STANDARD ARMY MANAGEMENT LANGUAGE - FROGRAM ELEMENT STRUCTURS, FROGRAM 2, CENERAL PURPOSE FORCES

1st Position

2nd Position

3rd Position

Lth Position

5th Position

6th Position

MajJor Program Command /Area Major Force Package Unit and Functional DOD Component
Identifier Major Subprogram Identifier Identifier Jdentifier (FPLAN Code) Support Identifier Identifier
2 - Ceneral Purpose 1 - Unified Command 2 1 - Alnska Division Forces Division Forces (hth Position Nos.l-7) A
Forces 2 - Atlantic

Unified Cormand IQ are identi- 3 - Burope 1 - Burope Forec (ANE) 1 - Divisions

fied by COMIAND/AREA (34 Position) 4 - Pacific 2 - Burope Reserve Force (ANC) 2 - Separate Bdes/Rgts

Special Miscion Forces (4th 5 = South 3 - Active Strategic Reserve 3 - Noudivisional Combat Units

Position) and 8 as an element 6 - cous Forze (AVC) 4 - Divisfon Forces Other Support

identifier (5th Positicn) T - Worldwvide 4 - Pacific Reserve Force S = Division Foreces CormimicationsSpt

(Apc/am) 6 - Division Forces Intelligence

211884 - ALCOM S - Korea Force (AFK) Support

21288A - LauTCOM 6 - Southcust Asin Force (APS) 7 - Division Forces Medical Support

212894 - CINCLANT AR CMD Post T - Other Forces (-) 8 - Divicion Forces Logistics Support

21385A - USEUCOM - COMMO 9 = Division Forces Administrative

213884 - USEUCOM Support

214884 - PACOM

215884 - USSOUTHCOM 8 - Special Mission Forces Special Missfon Forces (4th Position

21485A - USREDCOM - COMMO No. 8)

21688A -~ USREDCOM

USEUCOM - COMMO and USREDCOM-
COI840 are ldentified by COMMAND/
AREA (3rd Position).

Special Mission Foreces (Lth
Pos{tion) and Base Communications,
5,in the 5th Position

(Army)

Includes all TOE/TD Units not
fncluded in other major programs

Foreces

Operational Systems Development
(Aggregation 230X)
Serially numbered in the Lth

and Sth Positions and reflects
dollars only.

Thester/CONUS Support

1 - Thester Air Defense Forces
2 « Theater Migsile Forces

3 - Special Operations Forces
b - Support to Other Services
S = Defense Forces

6 - Special Mission Support

meau;r/cowus Support (M.,? Pocition
Ne. 9

3 = Force Related Treining
5 - Iogistic Support

S - Base Communications

6 - DBoge Operations

T - M=dicnl Support

8 - Cormand

9 - Administrative Support
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STANDARD ARMY MANAGEMENT LANGUASE - P23

Table 3

Fadta)

{continued)

T STRYUCTURE, PROTMAN 2, GENERAL PURPOSE FORCES

lst Position 2nd Position 3rd Position Lth Position Sth Position 6th Position
Major Prograas Command/Area Hajor Force Package Unit and Punctional DOD Component
Jdentifier Major Subprogram Idcatifier Identifier Identifier (FPLAN Code) Support Identifier Jdentifier

23018A - Shillelagh

23019A - Main Battle Tank

23023A - land Combat Spt System

23024A - Heavy Antitank Assault
Weapon System (TOW)

23025A = Cheyenne - AH-S6A

23026A - Tactical Fire
Direction System
{ TACFIRE)

2302TA - Medium Antitank
Assault Weapon System
( DRAGON)

23029A - Surveillance,Target
Acquisition and Night
Observation (STANO,
Operational Development

23031A - SAM HAWK/HAWK Improve-
ment Program

23032A - CHAPARRAL/VULCAN

23033A - LANCE

23034A - PERSHING

23035A = M60 « Al Tank Product
Improvement Program

Other (Cwrrent FYDP Nos. )

28010A - Joint Tactical Communi-
cations Progran ('IRI-TAC)

28011A - JCS Dirccted mud
Coordinated Excrcises

28012A - Defense Special Projects
Croup (DSPC)

28014A - Combat Support
Communications

28015A - Combat Developeents
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Table &

STANDARD ARMY MANAGEMENT LANGUAGE - PROGRAM ELEMENT STRUCTURE, PROGRAM 5, GUARD AND RESERVE FORCES

1lst Position 2nd Position 3rd Position Lth Position Sth Position 6th Position
¥ajor Prograa Reserve Component Major Force Package Unit and Functional DOD Component
Jdentifier Major Subprogram Idestifier ldentifier Identifier (FPLAM Code) Support Identifier Identifier
5 - Guard and 1 - Strategic Forccs (Defensive) 2 - US Army Aggregation 512 ’ CONUS Air and Migsilc Defense A
Reserve Forceg 2 - Cencral Purposc Forces National Strategic Forces (Defensive) (4th Position, No. 1, AGG. 512)
s o e 1 - COMUS Alr Defense Force 1 - Thcater Alr Defense Forces
General Persounel Activitiss Reserve Aggrecation 52X Division (ARNG ONLY)
9 - AMdministration and Associated () Forces Pivision Forces (4th Position,
Activities e ve 1’ - Burope For:s (AXE) Nos., 1-8, AGG. 52X)
numbers if 2 - Rescrv:: Force Divisions
required.) (A1C Separate Bdcs/Rgts

3 = Active Strategic
Reserve Force (AVC)

& - Pacific Reserve Force
(Apc/arQ)

§ = Korea Forcc (APK)

6 = Reserve Cooponents
Europe Forcc (AVE)

T = Reserve Components
Pacific Force (AWR)

8 - Reserve Components
Other Theater Force
(avx)

Aggregation 52X
9 = Special Mission Forces

Aggregations 57X, 58X, 59X
9 = Ceneral Support

KNondivisional Combat Units
Division Forces Other Spt.
Division Forccs Commo Spt.
Division Porces Intel, Spt.

O = AWV FW N -~

No. 9, AGG. 52X9)
Aggregation 52X9

3 = Bpecisl Operations Porces
4 - Support to Other Services
5 = Alaska Defensc Force

6 - Caribbean Defcnse Forcc
T = Iccland Defense Force

8 - Panama Defcnsc Force

Ceneral Support (4th Position,
‘No. 9, AGG. S5TX, 58X, S9X
Aggregation 5TX9

1 = Depot Maintenance
Aggregation 58X9

1 = Individual Resdy Reserve
2 = Recruit Training

3 - Force Rclated Training
b « Flight Training

S « Professional Training

Aggregation 59X9

1 « Mobilization Basc and Training

Units
3 = Intelligence Support
S = Basc Communications
6 - Base Operations
g « Medical Support
= Command

Division Forces Medical Spt.
Division Forces Logistics Spt. :
Division Forces Administrstive Spt.

Specisl Mission Forces (Lth Positioa,




elements as Individual Ready Reserve and Mobilization Base and Train-
ing Units.

APPLICATION OF THE SAML CONCEPT TO OTHER FYDP PROGRAMS

The underlying concept of the SAML II study is to extend the ovenr-
all PE coding logic adopted for FYDP Programs 2 and 5 in SAML I to the
other programs to the maximum extent practicable to absorb the LFCS in
toto and achieve standardization throughout the Army's portion of the
FYDP. The concept also provides for additional or more explicit visi-
bility in the FYDP structure for resources which are subject to inten-
sive programming/budgetary review by OSD/Office of Management and Budget
and the Congress, or which encompass management problems calling for
structural changes in management language.

The SAML II concept encompasses a PE coding logic in which the
first, third and fourth positions of the PE structure, i.e., major pro-
gram, geographic area, and major force package identifiers, respective-
ly — are relatively fixed. Since all Division Forces should have been
accounted for in Programs 2 and 5, it appears that only digit 8, Spec-
ial Mission Forces, or digit 9, Theater/CONUS Support, should be used
in the fourth position of the PE structures for all other programs.
Accomplishment of appropriate visibility in all programs is achieved by
expansion of major subprograms in the second position in concert with
use of discrete unit and functional support identifiers in the fifth
position. Illustrations of application of the concept are shown in
Table 5 for Program 1, Strategic Forces, and Table 6 for Program 7, Cen-
tral Supply and Maintenance. Program 1 should comprise only Special
Mission Forces; hence, the use of digit 8 in the fourth position. Pro-
gram 7 should include only Theater/CONUS Support, calling for use of
digit 9 in the fourth position.

AUDIT TRAIL

The audit trail from existing management languages to the proposed
SAML, at PE level is illustrated in Table 7. The table shows the current
FYDP PE code (PECOD) and proposed SAML PECOD for each UIC in the force
structure. All remaining data elements in Table 7, other than the In-
terim Force Identifier (INFID), are in broad use in Army ADP applications.
The INFID was developed to code the DPPC. A letter is used in the first
position of this three-character code to designate major category; the
" second position is the SAML geographic area identifier; the third posi-
tion identifies subcategory within category. The INFID associated with
the third PE listed in Table 7 is interpreted below to illustrate use
of the code:

U - Auxiliary: Forces

3 - Europe

4 - Support to Other Nations (the fourth subcategory within
Auxiliary Forces in the DPPC)
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Tadble 5

STANDARD ARMY MANAGDMENT LANGUAGE — PROPOSED PROGRAM ELFMENT STRUCTURE, PROGRAM 1 — STRATEGIC FORCES

Sth Position

6th Position

1st Position 2nd Position 3rd Position Lth Position
Major Program Gec,.rnphic Area Major Force Package Unit and Functional DOD Component
Jdentifier Major Subprogram ldentifier Identifier jldentifier Support Identifier Jdentifier
. Specisl Mission Forces (Lth Position,
1 - Strategic Forces 2 « Defensive Forces 1 = Alaska 8 - Special Mission Forces tic. 8) A
(SAFEGUARD) 2 - Atlantic Aggregation 12x8

3 - Burope 4 - SAFEGUARD Defense System
4 - Pacific 5 = SAFEGUARD Coemmunications
5 - South 6 - SAFEGUARD Base Support
6 - coms 7 - SAFEGUARD Logistics Bupport

T = Worldwide
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Table &

STANDARD ARMY MANAGEMENT LANGUAGE - PROPOSED PROGRAM ELEMENT STRUCTURE, PROGRAM T, CENTRAL SUPPLY AND MAINTENANCE

1st Position 2nd Position 3rd Position ith Position 5th Position 6th Position
Major Program Geographic Area Major Force Package Unit and Punctional DOD Componeat
Identifier Major Subprogram Identifie. Identifier Identifier Support Identifier Identifier
T - Central Supply 3 - Ceatral Supply (Non-1r) 1 - Alaska” 9 - Theater/CONUS Support Theater/CONUS Support) A
and Maintensnce | _ Depot Maintensnce (Non-I7) 2 - Atlentic (4th Position, ®o. 9) (Lth Position, No. 9)
S = Supply, Maintenance, and 3 - Europe Aggregations T3X9, ThX9, T5K9, T6X9
Service Activities (I¥) M - Pacific Aggregation T3X9
6 - Other 5 - South Supply Depot Operstions (Non-IF)
Inventory Control Point Operatioms
6 - CONUS Procurement Operations
T - Vorldwide Second Destination Transportation

Industrial Preparedness
Base Operations

Command

Logistic Support Activities

Aggregation TLX9

3 - Depot Maintenance (Non-IF)
4 - Maintenance Support Activities
T - Training

Aggregation T5X9

Supply Depots Operstions (IF)
Revenues (Supply Depots) (IF)
Depot Maintenance (IF)

Revenues (Depot Maintenance) (IF)
Armament Facilities (IF)
Revenues(Armament Facilities) (IF)
Missile Facilities (IF)

Revenues (Missile Facilities} (IF)

Aggregation T6X9
1 - Production Base Support

O @AWV & W N -
[ O T I B O

=] AWV & W A =
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Table T

EXTRACT FROM AUDIT TRAIL

FYDP PECOD SAML PECOD FPLAN INFID ulIcC BR UNTDS
1251LA 1268L4A CRC S61 W2ZAAA OFC SAFEGUARD SYSTEM
431124 436924 CKX G69 W2DUAA TML PAC NW OUTPORT
28013A 02381A BME U3k WGNFAA FA DET MSL WHD SPT-PERSH




CONCLUSION

The SAML concept provides a basis for a solution of the management
language problem by amending and improving the PE structures and defi-
nitions of the FYDP in such a manner that it can be used by Army plan-
ners and financial managers for multiple purposes in various phases of
the PPBS and accounting and financial reporting. With the elimination
of the LFCS as a separate language, SAML is designed to standardize
and simplify communications within DA and between HQ DA and OSD. It
also affords a more purposeful delineation of peacetime manpower and
dollar resources as they relate to the Army force structure on a war-
time mission basis.
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A VERY HIGH LEVEL LANGUAGE (VHLL) GENERATOR
FOR APPLICATION TO ARMY PLANNING PROBLEMS

Mr. W. 'Ivan Keller
General Research Corporation

INTRODUCTION

Systems analysis might be the nuclear weapon of the cold war between
the services and 0SD—it has never been used, but we couldn't survive
without it. There can be no doubt that a great deal of systems analysis
has been done in the last ten years—some very good work and some not so
good (perhaps too few recognize the difference)—and much of this work
has not been as useful as the time, effort, and money expended omn it
would suggest. In some cases study results have not reached those in
authority to take the required action. In many cases the credibility of
analytical results has been impaired by lack of understanding or communi-
cation between analysts and decision makers. Some analytical systems
have taken so long to become operational that questions they were designed
to address have changed or have been settled by other means.

This paper describes the use of very high level languages (VHLL) as
one means of reducing the problems of communication, credibility and re-
sponse time. Language generation techniques are described which reduce
the effort required to implement and maintain a VHLL. Applications of
very high level languages are discussed. Some observations relating to
operations research-systems analysis are given. And recommendations re-
lating to a unified Army planning structure are presented.

VERY HIGH LEVEL LANGUAGES

Very high level languages (sometimes called problem oriented
languages) are characterized by their simplicity relative to high level
languages such as FORTRAN or COBOL. They allow users with little train-
ing in the operating techniques of particular computer systems to suc-
cessfully operate relatively large and complex modeling or data process-
ing systems. They are usually custom designed for specific applications
by specific users as in the case of the AFFORD and METOFOR system lan-
guages, discussed in this section. Such languages may be designed to
use words or statements already familiar to analysts in their own fields
of specialization.

The advantages of using very high level languages include signifi-
cant reductions in the amount and the complexity of the programming code
required of the user, with corresponding reductions in both the time
required for programming and the number of errors introduced by t.ie user
in the process of setting up a program. A disadvantage of using VHLL in
the past has been the time and effort required to develop the language
initially, compared with the amount of use it is expected to have.
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The ultimate goal of very high level languages is to give the end
user direct contact with and access to the full analytic power of the
computer. By analogy, electronics engineers have succeeded very well in
giving the average American access to the Washington Redskins or the New
York Jets in living color in his own living room and without the (con-
tinuous) aid of a technician. Three or four knobs control all of the
complex circuitry behind the screen. Statements in a VHLL are the knobs
which control the operations of large computerized analytical systems.

The AFFORD Force Planning Language

The AFFORD Force Planning Language (AFPL) was developed in 1971 by
analysts at the Research Analysis Corporation and later implemented at
the US Army Concepts Analysis Agency, Bethesda, Maryland, on their UNIVAC
1108 computer. The AFFORD system consists of three principal independent
models which provide different phases of analysis in forming, applying
and evaluating alternative US general purpose force structures.

The AFPL is implemented through the AFFORD Control Program [l] which
incorporates the three independent models in overlay form. The user may
execute any of the three models or he may enter, modify or report the
input or solution data for any of the models through the relatively
simple instructions of the AFPL.

Figure 1 shows the instruction set of the AFFORD force planning lan-
guage. The action or operation initiated by each instruction is given
in the column at the right. The user operates the system interactively
by entering either the full name or the abbreviation of the instruction
he wishes to execute. The DISPLAY and MODIFY instructions operate on
variables or arrays which contain the input and solution data for each
of the models. Data variables, arrays and subscripts have names familiar
to force planners as illustrated in Fig. 2. The data are stored in labeled
or NAMEed library files which may be created, loaded (LIBRARY), or SAVEed
as desired. The REPORT and DISPLAY instructions provide a variety of |
reporting and documenting options using input and solution data. One
interesting feature of the AFFORD System is that in some cases, solution
data from one model becomes input data to another model processed auto-
matically through the data library by the Control Program.

Figure 3 shows an example AFPL program. I

THE METOFOR FORCE EVALUATION LANGUAGE

The METOFOR Force Evaluation Language (MFEL) was developed in 1974
by General Research Corporation for use with the VGATES II force evalua-
tion model. This language includes an arithmetic processor and special
input/output operations which allow the user to read, reformat and write
standard data files. The user may also create, save, restore and/or
modify catalogued library files. The MFEL is an interactive interpretive
language currently operating on the UNIVAC 1108 computer.
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Instruction Abbreviation Function

NAME. N. Specify a name or title for a library

LIBRARY. L. Specify a library to be created or loaded

DISPLAY. D. Display data from the current library

INDEX. I. Print an index of the current library

MODIFY. M. Enter, write out or modify data (Default
instruction)

SAVE. S. Save (store) the current library

AFG. A. Execute the Alternative Force Generator
(AFG)

FORCAP. )75 Execute the Force Application Component
(FORCAP)

VGATES. V. Execute the VGATES Combat Simulation

REPORT. R. Print specified AFFORD reports

END. E. Terminate Control Program execution

COMMENTS ARE INSERTED BY LEAVING THE FIRST COLUMN BLANK

Fig. 1 1Instruction Set of the AFFORD Force Planning Language, AFPL

IPRIOR (MSSN, SITU)
IPRIOR is the priority associated with each mission situation.
MSSN is a subscript class containing missions 1 through 10.
SITU is a subscript class containing situations 1 through 6.

GPFCON (GPFS, 2)

GPFCON contains the lower and upper bounds for each general
purpose force component.

GPFS is a subscript class containing each general purpose
force - e.g.:

ADVA Army Divisions Active.
ADVR Army Divisions Reserve, etc.

Fig. 2 Example AFFORD Force Planning Language Data Arrays
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LOAD THE LIBRARY OF RUN V FRCM THE HISH LEVEL
THREAT SCENARIOC.,

LIBRA RY, FUN V

CHANGE THE LOWER AND UPPER BCUNDS ON A CTIVE
ARMY DIVISIONS 1O 1,0 AND 4,0, RESPENT IVELY, AND
ELIMINATE THE RANGE ON ACTIVE MARINES,

GPFCON( ADVA MCVA ) = 1,0,y 4,0, 2%0, 0

EXECUTE THE AFG (ALTERNATIVE FCRCE GENERATOR)

TO GENERATE A NEW SET OF ALTERNATIVE “ORCES.
THEN EXECUTE THE FORCA® (FORCE APPLICA TICN MODEL)
ON THE FIRST FORCE (THE LEAST COST FORCE)’

TO DETERMINE THE STATIONING, READINESS AND

MISSION ASSIGNMENT OF EACH GENERAL PURPOSE

FORCF CCMPONENT,

AFG.
FORCAP, 1

REPORT THE RESULTS OF BOTH RUNS AND DI SPLAY
THE LIBRBRY FOR DOCUMENTATION,
o FINALLY, SAVE THE LTBRARY AS RUN V (REVISED),
REPOR T. AFG FCRCAP,
DISPL AY.
NAME, RUN V (REVISEC)
SAVE.

END.

Fig. 3—Example AFFORD Force Planning Language Program

Figure 4 contains a summary of MFEL operations. These operations
are performed interactively by the user at a computer terminal with
immediate response.

The METOFOR force evaluation language 1is of particular interest in
this paper because it was created by a language generator.

THE LANGUAGE GENERATOR

The language generator is a program which writes or generates the
source code for a second program which interprets and executes state-
ments of a very high level language. The first program, the generator,
is executed to create a new VHLL or to modify an existing one. The
second program, called the interpretor, is executed whenever the VHLL is
used. Figure 5 shows a diagram of the procedure used to generate the
METOFOR force evaluation language interpretor.

136




Arithmetic Operations:

addition +
subtraction -
multiplication *
division /

exponentiation *%* or -

Parentheses (optional) may be nested to eight levels.

Variables and arrays created and stored as used.
(Variable and array names up to 18 characters long)

Arrays may have up to ten subscripts of total size <10000.

Subscripts may be numbers or variables, or

Subscript classes may be entered by statements such as:
SUBSCRIPTS. PLACES: HOME, OFFICE, STORE, THEATER

Read data from disk or tape files - example:

DISTANCE (PLACE, PLACE) =:TAPE (1 3 57 )

(5X, 4F 10.2) creates DISTANCE with sixteen values and
reads from file labeled TAPE, four values
from each of four records 1, 3, 5 and 7.

Write data onto disk or tape files - example:

:TAPE = DISTANCE writes sixteen binary values from DISTANCE to
tape.

Matrix arithmetic examples:
NUMBER (6) = 1 6 creates NUMBER with six values, 1 through 6.

TIME (PLACES, PLACES) = DISTANCE/SPEED
creates TIME and enters sixteen computed

values.
SPECIAL OPERATIONS:
REWIND. TAPE to rewind file TAPE
SAVE. N to save current library on file N
ATTACH. N to attach or restore library on file N
TITLE. XxxX to enter title xxxx for current library
DELETE. N to delete variable, array or subscript class N
from current library
MOVE. N+ I to move read pointer on file N forward or back
HELP. to print tutorial description of language

operations.

Fig. 4 Summary of the METOFOR Force Evaluation Language, MFEL.
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lexical lexical
graph graph
MFEL MFEL
LARGUAK INTERPRETOR »] INTERPRETOR
GENERATOR (SOURCE. CODE) (PROGRAM)
OPERATING
SUBROUTINES

Fig. 5—Diagram of the Language Generation Procedure for
the METOFOR Force Evaluation Language

This diagram shows the language generator in the block at the left.
Input to the generator includes a lexical graph, shown at the top, and
the syntax rules for the MFEL, shown at the left. The center block shows
the source code (FORTRAN) for the MFEL interpretor which is output from
the language generator.. The block on the right shows the completed in-
terpretor program formed by combining the compiled version of the MFEL
interpretor source code with prepared operating subroutines. A second
lexical graph is input to the MFEL interpretor program at execution time.
This graph describes the lexical atoms of the MFEL language, while the
lexical graph on the left side of Fig. 5 describes the lexical atoms of
the MFEL syntax specification entries.

Lexical Analysis

, Lexical analysis is performed by a table-driven lexical analyzer.
Figure 6a shows a portion of the directed graph which describes the
lexical atoms of the METOFOR force evaluation language.

The nodes of the graph may represent functions or character tests.
Solid arrows represent success paths, dotted arrows represent failure
paths.

Each node is given a sequence number for coding purposes. The graph
is shown in pencil because this is the way it is normally prepared.
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Fig. 6a—Example Lexical Graph
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The following functions are used in Fig. 6a.

Code Symbol Description
1 s start
2 a test for any alpha character a through z
3 n test for any numeric character O through 9
4 an test for any alpha or numeric character
5 @ (1) output a name of any length beginning with an
alpha character followed by alpha or numeric
characters
0(2) output an integer number
0(3) output a decimal number

Character tests are shown with the character itself inside the node; the
blank at node 2 and the decimal at node 8 are the only character tests
shown in this example.

Figure 6a shows about one fourth of the complete lexical graph for
the MFEL which recognizes a total of 18 lexical atoms including the
arithmetic operators (+,-,*,/,%* or 1), integer or decimal constants,
variable names and other special symbols. The first line of the example
graph in Fig. 6a recognizes and outputs an alphanumeric name, the second
line outputs integer numbers and the third line outputs decimal numbers
—these are the most complicated atoms.

The simplicity of this graph is its most important characteristic.
As you might expect, the complete graph for the 18 lexical atoms of the
MFEL was originally set up in less than an hour.

Figure 6b shows how the graph of Fig. 6a is represented in tabular
form for input to the interpretor program.
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Node  Type Fn Par Succ Fail

1 2 1 0 2 2
2 1 2 3
3 2 2 0 4 6
4 2 4 0 4 5
5 2 5 1 1 1
6 2 3 0 7 12
7 2 3 0 7 8
8 1 10

9 2 5 2 1 1
10 2 3 0 10 11
11 2 5 3 1 1
12 continue

Fig. 6b—Lexical Graph in Tabular Form for
Input to the METOFOR Force Evalu-
ation Language Interpretor Program

The first column (Node) contains the number of the node. The second
column (Type) contains 1 for a character test or 2 for a function.
Column three (Fn) contains the character, for a character test, or the
function number. Column four (Par) contains a function parameter (if
any) or may contain a repetition limit for a character test. Column
five (Succ) contains the success path and column six (Fail) contains the
failure path.

To change the lexical atom structure, the user makes a change in
the table corresponding to the lexical graph. For example, the user
could require all names to begin with a dollar sign ($) by changing node
3 to a character test for §.

Syntax Specification

The syntax, shown as input to the language generator in Fig. 5,
consists of a few lines of specifications in BNF (Backus-Naur or Backus
Normal Form). Figure 7 shows an example of the type of specification
used for the MFEL.

<EXPRESSION> = <OPERAND> [5]6]7|8|9] <OPERAND>

<OPERAND> = <CONSTANT> | <VARTABLE> | <SUBEXPRESSION>
<CONSTANT> = <INTEGER> | <DECIMAL>

<INTEGER> 2:= 2

<DECIMAL> 2= 3

<VARIABLE> =1

<SUBEXPRESSION> ::= (<EXPRESSION>)

Fig. 7—Example Syntax Specification in BNF for
the METOFOR Force Evaluation Language
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The syntax specification in Fig. 7 is readily interpreted with
some practice. The first line defines the term EXPRESSION as a state-—
ment beginning with an OPERAND, followed by one of the lexical atoms
5, 6, 7, 8 or 9 (the arithmetic operations +,-,*,/ or **), followed by
another OPERAND. The second line defines OPERAND as a CONSTANT, a
VARIABLE, or a SUBEXPRESSION. The fourth line defines INTEGER as atom
number 2 (see Lexical Analysis above). The last line defines SUBEX-
PRESSION as EXPRESSION enclosed in parentheses. This last entry
illustrates the recursive capability of the BNF specification and of
the language generator. Notice that every term on the right hand side
of Fig. 7 is ultimately defined in terms of lexical atoms.

The complete syntax description for the MFEL requires only 25 lines
of BNF statements similar to those in Fig. 7. This syntax includes the
distinction between integer and real constants or variables, subscripted
arrays with integer or variable subscripts, matrix arithmetic (in addi-
tion to the arithmetic shown above), input and output functions, and
all of the special command functions shown in Fig. 4.

Again the simplicity of the BNF syntax specification is its most
important characteristic. Errors, not often made, are readily cor-
rected in these ‘specifications. Even more important is the flexibility
which the system designer has in producing a language to fit the exact
requirements of the user—almost independent of the computer operations
to be performed. Once the computer operations are determined, the
language may be designed to suit the user or users involved. Two or
three versions of the language might even be generated for users at
different levels of experience with the system.

Source Code Generation

Once a language is described by its lexical graph and the syntax
specification, the language generator automatically produces the FORTRAN
code required to recognize and control the execution of statements made
in the language. When this code is combined with the operating programs
or subroutines of the system, the language interpretor becomes a func-
tional system.

The process of generating the code for the MFEL requires about 20
seconds of CP computer time and produces about 1500 lines of FORTRAN
code (about half of which are comments).

APPLICATIONS

The METOFOR force evaluation language was selected as a test appli-
cation for the language generator since it seemed to require a repre-
sentative selection of language capabilities—viz arithmetic operationms,
data storage and retrieval, subscripted arrays with matrix operations,
special purpose command operations, etc. Yet the application was on a
small enough scale to be quite manageable for developing and testing.
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The language generator is designed to be used in conjunction with
almost any computerized analytical system to provide a very high level
language operating capability. The generator produces FORTRAN code, but
could be modified to produce assembly code for specific computers if
desired.

Further and more specific applications are suggested in the next
two sections.

OBSERVATIONS ON OPERATIONS RESEARCH AND ARMY PLANNING

To an observer in my position it appears that army planning
processes (specifically, computerized modeling and systems analysis) go
on concurrently with, but have rather little noticeable influence on,
decision making processes. Well established political traditions and
procedures have not yielded much to the super reasoning power of com-
puterized analysis.

Of course no one would suggest that we should turn decision making
over to the machines, or even that we should rely on computerized analy-
ses so heavily that human factors lose the advantage in the decision
making processes. Studies, modeling systems, etc., should never be ex-
pected to yield ultimate or optimal solutions to complex planning prob-
lems—unless all the relevent factors pertaining to the problems have
been fully and accurately represented in the analyses. This can seldom
be the case where problems include even the lightest interface with
human institutionms.

Not that all analysis is inadequate, but there is no systematic,
dependable means of determining what is and what is not reliable.
Buried in models and modeling systems (so deeply that the model builders
themselves are often unaware of the extent of it) are built in assump-~
tions, untried logic paths, potential contradictions, etc. How does
the decision maker, unskilled in computer techniques and certainly un-
familiar with all of the details relevant to a system application,
determine how to use the products of computerized operations research-
systems analysis? Or, in other words, what is the proper role for
operations research-systems analysis in support of army planning opera-
tions? This role, I submit, is and must always be, particularly at the
highest levels, a subordinate supportive one.

The Supportive role

The supportive role, wonderfully matched to the potential capabil-
ities of computerized analytical systems, becomes one of probing al-
ternatives—what if questions—given the assumptions and limitations
which must be well understood by the user. The user should not look for
definitive solutions or ultimate answers, but rather he should look for
insights into potential alternatives and for indicators of relative

values to ald his own judgment and to suggest areas for further con-
sideration.
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To serve this function well, the products of analytical systems
must be available during the primitive formative stages of decision
making; they must be flexible—able to respond to questions and options
as wide ranging as the imagination and curiosity of the planner; they
must be capable of moving quickly with the planner down one line of
alternatives and then just as quickly change direction to another line
of alternatives as the situation requires. Some forms of analytical
support should be as accessible to the high level planner (and at least
as reliable and useful) as the dictionary on his bookshelf or the calcu-
lator on his desk.

VHLL Provides the "Knobs"

As planners and decision makers at higher levels gain more direct
access to analytical systems through the "knobs" of very high level lan-
guages their understanding of what these systems can produce will in-
crease and the systems and the products of operations research and sys-
tems analysis will take on greater significance.

It is hoped that in this and in other ways, language generation
techniques will make a positive contribution to the future value of
operations research to the US Army.

A UNIFIED ARMY PLANNING STRUCTURE
The Problem

The "proliferation of models" is a phrase commonly heard among army
and defense planners. It seems to indicate a lack of direction or at
least a lack of coordination in the development of planning systems. It
suggests that new models have been developed where old ones might have
been used, or worse, that new models were developed where none was re-
quired. Certainly some degree of redundancy and experimental develop-
ment is healthy. But perhaps we would do well to examine means of pro-
moting the widest possible application of existing software to current
problems—to examine techniques for adapting existing software to new
and different applications with minimal effort—and finally to develop
some guldelines for future software design to enhance the opportunity
for wide applications of new software and to maintain an overall balance
and direction to software development.

With hundreds of models and systems doing their own thing in army
planning applications, it is time to think about some unification of the
structure 1n which these systems operate to provide an environment, some
comnon ground, within which they begin to support and add credibility to
each other and in the process enhance the image of systems analysis in
general.

Army Standard Models and Data Bases

To begin some movement in this direction, I offer three recommenda-
tions.

143




1. Make a comprehensive survey of existing models, modeling sys-
tems and computerized data files. Establish a management informztion
system which will give army planners immediate access to descriptions at
general levels of detail of any model, system or data file available for
application to army problems. NIH has developed an effective MIS which
could provide a valuable guide for the development of such an army system.

2. Establish Army Standards for models and modeling systems devel-
oped with army funds for army applications. These standards should in-
clude access to standard army data sources. Relative to these standards,
create three categories of modeling systems:

I Army Standard
II  Partially Army Standard
IIT Non Standard

Category I to include modeling systems designed to access estab-
lished army computerized data sources directly for all required data.
Category II to include modeling systems which access established army
computerized data sources directly for all required input data, with the
exception of data of a subjective or arbitrary nature not appropriately
maintained in standard army sources. Category III to include modeling
systems which access little or no required data as described above.

Such a classification system provides immediate communication of
the general character of a model or system to a potential user. A cate-
gory III model is probably of such a specialized nature that it has
little chance of application outside its immediate environment. A
category II model may require a significant data generating effort to be
useful, while a category I model may be ready for immediate application
with an existing standardized data base. When results are presented
from an Army Standard system, there is immediate understanding of the
data sources (a significant credibility factor), the basic planning
assumptions are known and the results can be described and understood
from this common reference point. Having such a classification system
implies the need to encourage and, in some cases, require the development
and use of Army Standard Modeling Systems.

3. Promote the conversion of useful existing models and modeling
systems to Army Standard form. This would be accomplished in two ways.
First, where an existing system already requires and maintains a large
data base, this data base might be formalized and incorporated by defi-
nition into the Army Standard system and be made available to other
systems and users as appropriate. Establish general, readable documen-
tation on the content and accessibility of these data. Second, provide
software for existing models or systems to process, format, combine or
generate the required inputs from standard data sources.

These ideas are not new. Work on unified data bases has been going
on for years. But new emphasis is needed now on methods of increasing
the value and the credibility of systems analysis. At a time when many
are questioning the value of systems analysis, when the Department of
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of Labor classifies systems analysts as non-professionals [2] along with
librarians and historians, it is time to reassess our priorities and to
find ways of making our product more valuable and more responsive to

the real problems of the community we serve.

Very High Level Language Application

Families of models or analytical systems may be brought together
to operate under the umbrella of a single very high level language.
Software developed for the two VHLL examples discussed in this paper
provides the capability to create and maintain data libraries and gives
the user convenient control over data storage, input, output and for-
matting operations. These capabilities suggest the use of very high
level languages implemented by language generation techniques to bring
new tools to bear in the process of unifying army analytical systems.

CONCLUSION

Very High Level Language (VHLL) is a term which describes what is
usually a very simple language created to perform specific functions by
a user who may be unfamiliar with ordinary high level computer languages
such as FORTRAN or COBOL. Such languages are also useful to analysts
who may have a number of complicated procedures to be executed frequently.
In this case, simple statements in the VHLL reduce the time required to
set up and perform these procedures and minimize the opportunity for
inadvertent input errors.

A disadvantage of VHLL is the time and programming effort required
to create the language initially, with the realization that such special
purpose applications are often temporary in nature or evolve over time in
such a way that the associated VHLL may become obsolete before it is im—
plemented. Hence this approach has not been generally used for analyt-
ical modeling systems in the past.

We now have the capability to generate automatically most of the
code required to implement a VHLL. This capability virtually eliminates
the major disadvantage of using VHLL, since the time required to imple-
ment a working version is minimal and the VHLL can be changed as quickly
and as often as the problem, system or environment requires.

[1] Research Analysis Corporation, AFFORD System Description and User's
Manual - Volume III, Control Program and Reporter, RAC-R-144,
August 1972.

[2] Newsletter of Military Operations Research, PHALANX, Vol 9, No. 3,
September 1974.
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SUBJECT: Wartime Active Replacement Factor (WARF) System Design

AUTHOR: LTC John M. Daugherty
Methodology and Resources Directorate
US Army Concepts Analysis Agency
Bethesda, Maryland 20014

1. Background. The Army plans equipment procurement based upon their
expectation of loss in both a peacetime and a wartime active posture,
These losses are cojoined to compute the Authorized Acquisition Objective
(AA0) which strongly influences the POM and Budget cycle. The data used
to compute WARF's was contractor-derived from WWII and Korean loss data
and therefore does not show the changes in weaponry, mobility, and
electronics that future armies will have. Vivid proof of a current
inadequacy lies with the tank WARF now computed to be 8.62 percent per
30 days of battle in a mid- intensity theater conflict. My guts tell

me that is wrong. Improved WARF's will provide a better Army position
for the distribution of procurement dollars among the services.

2. The Basic WARF Structure. The WARF basic structure uses a contractor
developed system called SYMWAR. For each plece of equipment a loss rate
matrix is prepared. (Figure 1)
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FIGURE 1. SYMWAR (WARF) Loss Rate Matrix
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This three-dimensional matrix with 4 battle postures, 10 causes of loss
and within 5 zones of the theater was filled with historically developed
loss rates (those that produced the 8.62 percent WARF for tanks). Theater
Zones I, II and III are those within normal artillery. Over the years,
computerized war games were developed that project battle outcomes along
with associated casualties and consumption. Taking one cell in the matrix,
say direct fire losses to tanks on the FEBA; rather than extrapolate from
another war with many conditions changed, one could use loss rates from
simulations to relace the loss rate to tanks from direct fire at the FEBA.
As a matter of fact, the shaded portion of the matrix could be relaced
with loss rates from simulations and contains 48 of the 200 cells in the
matrix. Cost-wise, the 48 cells will cause more than one-third of the
theater cost losses.

Given the distribution of equipment within the theater zones and
the combat postures over time, the loss rates for MIE are rolled-up in
an accounting model. The problem for the WARF project therefore, was
to design and operate a system wherein simulated loss rates would replace
historic rates wherever possible in the matrix.

3. Models used in WARF. After reviewipg several models at various
levels of resolution, the Concepts Evaluation Model (CEM) and the
Artillery Models from within the ‘AMMORATES system were selected as loss
simulators to provide the loss rates for the shaded portion of the WARF
matrix.

a. The Concepts Evaluation Model (CEM). CEM is a fully automated,
theater-level wargaming model that considers

(1) Weapon and Personnel Casualties

(2) Force Mix

(3) Logistics and resupply

(4) Personnel replacement and evacuation

(5) Air and Air Defense

(6) Artillery

(7) Terrain

(8) Commander's Decisions

(9) Massing against penetrations
It may play 50 blue divisions against 125 red divisions, thus it may
portray a theater, and for WARF purposes, 41 different kinds of high
cost tactical major items of equipment (MIE). Figure 2 shows in more

detail the 48 cells of the 200-cell WARF matrix wherein simulated loss
rates from CEM will rcplace historic ones.
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FIGURE 2. WARF Cells Containing Simulated Loss Rates

Realizing that CEM considers only tactical firepower producing MIE,
there remained a large number of costly items located within the first
three zones of the theater subject to loss from artillery. These items

are characterized as engineer equipment, trucks, electronic equipment
and the 1like.

b. The AMMORATES ARTILLERY Models. The three AMMORATES Artillery
models are the Target Acquisition Model (TAM), the Fire Planning Model
(FPM) and the Casualty Assessment Model (CAM). These models in their
original configuration were designed to cause personnel casualties in 16
combinations of personnel and battle postures. WARF required artillery
losses to equipment and it was found that a small finite number of
equipment classes would suffice; thus, reprograming and a slight
expansion of the TAM, FPM, and CAM was accomplished. The selection of
a small finite number of equipment class was pursued. All existing
equipment classification schemes were based upon mission or function,
whereas WARF artillery casualties would be necessary based upon the
hardness of targets. A detailed analysis of all MIE expected within
red artillery range (Zones I-III) was conducted. The results of that
analysis are seen in Figure 3. Any item of equipment found in the
theater forward area could be equated to 1 of the 22 determined
vulnerability classes. For each class of equipment, a notional item
was selected that best characterized the class. As an example, class 2,
Light Armor was notionalized by armored carriers because they made up
85 percent of all light armor population in that class.
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1 UGHT AIRCRAFT 12 POL TRANSPORTERS

2 ARMOR, LIGHT 13 AMMO TRANSPORTERS

'3 ARMOR, TRACKED, MOM HVY 14 SMALL ARMS & PYROTECHNICS, INOIVIDUAL

4 WHEEL: TRUCK LIGHT 15 WEAPONS & MISSILES, CREW SERVED

5 WHEEL: TRUCK MDM HVY 16 OPTICAL DEVICES & SETS

§ BOATS & SP AMPHIBIANS 17 COMMUNICATIONS & ELECTRONICS

7 TRAILER, TOWED LT 18 MECHANICAL, ELECTRICAL-MECHANICAL EQPT

8 TOWED EQUIP, ARTY 19 TOOL, SETS/KITS, SMALL

9 SEMI TRAILER, MDM /HVY 20 OPERATIONAL MAINTENANCE, MOM /LARGE

10 BOATS, PNEUMATIC, SP/RAFTS 21 STORAGE & DISPENSING EQUIPMENT, CL Hll, SMALL
11 BRIOGES, EMPLACED 22 SHELTERS & NON-POL STORAGE TANKS

FIGURE 3. WARF Vulnerability Classes

The next step was to determine what type of kill was necessary to
cause replacement of an equipment item. The replacement kill ('r'-kill)
is defined as a direct hit plus a fuel or ammunition standoff

or

IA=L x W+ 1/2 1 x (RPI)2

]
1

Length of MIE

=
]

Width of MIE

RpI = Radius where probability of ignition = 50%
These lethal areas (LA) for each type red artillery against each of the
22 vulnerability classes has been received from the Army Materiel Systems
Study Agency (AMSAA).

Casualty assessment is precomputed by placing each equipment class
in 7 targets diameters ranging from 50 meters to 350 meters. Red fires
battery volleys into the target assuming random placement at 100 target
elements with the target radius. For each LA overlaying a target
element, a kill is recorded, then all kills averaged over the sample
of 100. This generated a large number of tables which became look up
tables for 'r' kills, an example of which is at Figure 4. To decrease
computer running time and core size, a series of multiple linear
regressions were performed as a function of lethal area, rounds fired
and target diameter. The correlation coefficient of the multiple linear
regressions was generally greater than .99 so it was possible to compute
losses from a set of equations rather than execute a CAM run for each
possible situation solely for the purpose of producing look up tables.
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FIGURE 4. Casualty Assessment Matrix

The TAM uses detection probabilities to acquire targets based upon
size, activity, terrain and distance. The list of probable targets is
passed to the FPM which, using red firing doctrine, programs artillery
fire against the targets. Knowing the number of rounds against each
target, assessment of replacement kill is determined in the CAM as
explained earlier in this paragraph. An example of this process may
be seen at Figure 5,

In the case of the 50-meter target, assume there were 1 - 1/4 ton
vehicle and 3 - 2% ton vehicles and TAM thought it was an infantry
platoon. The FPM planned to fire 1 battery volley of 152 mm at that
target. Using the casualty assessment matrix for that situation with
1/4 tons being vulnerability class 1 and 2! tons being vulnerability
class 2, one finds 10 percent destruction of 1/4 tons and 7 percent
destruction of 2! ton vehicles.

The artillery assessment is accomplished for a 6-hour stylized
period with 100 percent equipment strength for the attack, defend,
delay and static posture. The loss rates to equipment are passed to
the WARF matrix and entered as seen in Figure 2. The bombing and
strafing loss rates will be generated with the artillery models by
using artillery equivalents for bombing and strafing.
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FIGURE 5. Casualty Assessment

4. Roll up. Referring back to Figures 1 and 2, the loss rates from
simulations are moved into the matrix for each MIE. The postures
throughout the war are determined in CEM so in a bookkeeping fashion,
WARF's are computed by summing the losses over time in the theater.
This produces the losses in the theater and does not yet tell planners
what must be shipped from the CONUS base. Sea and air shipping loss
rates are introduced as seen in Figure 6 and will insure that 100
percent of the theater requirements arrive in the theater.

5. Study Consistency. Figure 7 shows the relationship among three
major Army studies, i.e., WARF, Force Design (CONAF), and AMMORATES.
All use a common scenario, a maximum of common models and the same
data base to the maximum extent. The only radical departure from
their commonality is the difference in mode in simulating the theater
battle for Force Design and WARF. For Force Design, CEM is operated
in the capability mode, i.e., real-world limits are placed on resupply
of both MIE and logistics, however, in WARF, the requirements mode is
required meaning that each 12 hours of battle, blue will start at 100
percent strength. The impact on battle outcome and attrition is
expected to strongly influence the WARF's—-blue attrition should be
much higher in requirements mode.
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SEA
SEA LOSS RATE

LOSSES IN THEATER X X % SHIPPED BY SEA
1-SLR
AIR
AIR LOSS RATE
LOSSES IN THEATER X X % SHIPPED BY AIR

1-ALR

IF 100 TANKS ARE DESTROYED IN THE THEATER BATTLE, SEA LOSSES
ARE 20% AND AIR LOSSES ARE 5% WITH 90% SHIPPED BY SEA:

SEA
100 X .1_25 X 8=225 LOST AT SEA

AR
foox 0% x 1= .5 LOST IN AIR

1-.05 23 TOTAL INTERTHEATER LOSSES

FIGURE 6. Computation of Intertheater Shipping Losses

6. WARF's Impact on the AAO. Recalling the current WARF for tanks
using historic loss rates is 8.62 percent. A sample AAO computation

was conducted using a tank WARF of 20.1 percent per 30 days and the

AAO increase was 273 million dollars., (The 20.1 percent is thought to
be conservative.) There are about 400 MIE for which new WARF's will be
calculated using simulated loss rates with models run in requirements
mode. This should provide a multi-billion dollar increase in the Army's
AAO and should place us in a stronger position to vie for a larger piece
of the procurement dollars.
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COSTING THE CONCEPTUAL ARMY IN THE FIELD
by

Mr. Leonard S. Freeman
Concepts Analysis Agency

1. Introduction

a. Preparing for the future is a task particularly germane to the
Army's Operation Research community. It is also an area which can be
well served by the tools and techniques of OR. To those involved in
force planning, the design of the field Army 1s a very real problem.

Not only must we contend with countering a postulated threat, but also
we must design the force so that it is affordable. Whether maintaining
or modernizing existing units or fielding new ones an impact on manpower
and dollar resources will result and must be addressed.

b. What is the best design for the Army in the 1980's? Should it
be infantry heavy or should it have greater aviation or armor capabilities?
The answers to these questions are related to another question: What can
we afford? By applying the techniques of operations research to these
questions, a set of reasonable, alternative force designs may be postulated.
The objective is to find cost-effective solutions, ize., forces with the
necessary fighting capability at an acceptable cost. The Concepts Analysis
Agency, in its study of the Conceptual Design of the Army in the Field,
Phase III (CONAF III) addressed this issue. The study involved maximizing
combat power in the mid-range time frame (to FY 86) based on realistic
projections of resource constraints, materiel availability and the
international situation as they relate to Division Forces.

2. Background

a. CONAF III is the latest in a series of studies on mid-range planning
designed to provide Army leaders a rational basis for decisions which will
come to fruition 5 to 10 years from now. This involves making the best
use of scarce resources under current policies and constraints as well as
preparing for modernization through force development and cost planning.
In CONAF I, a basic methodology was developed for mid-range force design
and evaluation. CONAF II compared forces of equal cost; it considered
force alternatives which had the same totals for procurement plus 10 years
of operation. The principle constraint in CONAF II was the procurement
funds assumed available through FY 86. This constraint influenced the
equipment that might be purchased for altermative forces but did not
constrain the operating cost during the transition period.

b. In CONAF III, we addressed the most effective force which could
be developed and maintained between now and FY 86 while remaining within
annual fiscal constraints. Costs were estimated on a year by year basis
for alternative forces taking into account modernization plans. The
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approach correlated estimated costs with the year in which obligational
authority would be required. This limited the force designer to rates
of change in force structure consistent with expected FY funding levels.

3. Resource Constraints

a. Assumptions. - 1In any realistic situation one is never at liberty
to achieve his desires with impunity. Regardless of how much we want
something, however worthy it may be time, money, some authority or maybe
just a perverse universe acts as constraining device. The force designer
must contend with constraints also. His constraints are resource limitations
of manpower, material and money which may keep him from an objective
of a particular force at a specific time. But being aware of constraints,
it may be possible to achieve the same objective via another route. More
on this later. The establishment of constraints derive from official
sources and it must be recognized that these sources reflect policy decisions
which are subject to change. Nevertheless, planning for the future based
on present policy has got to be superior to planning without regard to
possible limitations. With that as a premise, the following assumptions
were used to establish resource constraints.

(1) peacetime operating conditions
(2) all costs would be expressed in FY 74 constant dollars

(3) the Program Objective Memorandum (POM) FY 75-79 and the Force
Structure/Manpower Systems/Account Display (Form 1) were appropriate
sources for developing resource constraints through FY 79.

(4) OMA and MPA constraints beyond FY 79 were assumed equal
to those indicated for FY 79.

(5) Procurement constraints beyond FY 79 were reflected in the
Materiel Procurement Priorities Review Committee (MPPRC) report.

b. Manpower Constraints. - The derivation of manpower constraints
was established in the following manner. Active and Reserve military
manpower constraints for Division Forces were considered the structure
strengths shown in the POM (FY 75-79) or as updated in subsequent Form 1's.
Civilians associated with the Division Forces worked either directly in
support of the Divisions (as in TDA units) or indirectly (such as laborers
or base operating personnel). The number of civilian direct hire were
established in the Form 1 while division force civilian indirect personnel
are shown only in the POM. By using the POM and Form 1, total civilian
manpower constraints for division forces were established. These manpower
constraints were identified by year for active and reserve forces as
well as direct and indirect civilians.

c. Fiscal Constraints

(1) OMA and MPA Appropriation. - To determine dollar constraints
for the OMA and MPA appropriations, the Force Cost Information System (FCIS)
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developed by the Office of the Comptroller of the Army (OCA) was used

to develop average cost factors. The FCIS, an extensive computer based
information system, contains equipment, personnel and cost data on major
combat and combat support units. With FCIS as a data source, average
factors of OMA and MPA per man were derived. These average factors,
based on similar units, were then multiplied by the manpower constraints
previously calculated to derive dollar constraints.

(2) Procurement Appropriation Constraints. - Division forces
have two separate forms of procurement costs associated with their operation.
The first is a one time, nonrecurring cost of establishing a new unit or
modernizing an existing unit. (Existing units not intended for modernization
by new equipment incur no nonrecurring procurement costs.) The second
type of procurement cost occurs on an annual recurring basis and consists
of peacetime replacement costs plus those of annual service practice
(ASP) ammunition, repair parts and secondary items. The calculation
of the procurement appropriation constraints reflect the current plans
for modernization of the division forces. The FYDP Procurement 'Annex
and the MPPRC indicated the plans for acquisition of new or improved
systems. Those documents, along with Selected Acquisition Reports (SARs)
provided estimates of equipment costs.

(a) Nonrecurring Procurement. - The nonrecurring procurement
appropriation constraints were based on approved plans for new or additional
items. The constraint is expressed in the following equation:

n
Cyr = 2, (Q4 x Py x 1.05)
i=1

where Cyr = Nonrecurring Procurement Constraint
n = number of different items intended to modernize division forces
Qi = quantity of each item allocated to division forces

P; = average price per item
factor to allow for initial repair parts and secondary items.

[

(=)

w
(1

The equation was taken directly from the OCA approved Army Force Planning
Cost Handbook (AFPCH) and was therefore appropriate for use in CONAF. Again,
the quantities of equipment involved and their costs came from DA approved
planning documents.

(b) Recurring Procurement. - The calculation of the recurring
procurement cost constraint involved all the equipment of the division
forces not just new or additional items. The recurring expenses consist
of peacetime replacement costs as well as repair parts and secondary items.
The computation of the recurring procurement appropriation constraint is
expressed:

m
Cp = ggl ((Q5 x Py x 0.03) + (PRj x RF;) + A,)

where CR = annual recurring cost constraint
m = number of different .items in division forces
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Qj = Quantity of each item
Pj = average price per item
0.03 = 3 percent annual repair parts factor
PRy = quantity of items assigned peacetime replacement factor
RFy = annual replacement factor
Ay = annual service practice ammunition cost.

Again, the equation and factors were obtained from the AFPCH. The summation
of the recurring and nonrecurring costs yielded the total procurement
appropriation constraints.

(3) Constraints Document. - To summarize, the POM, Form 1,
FYDP and MPPRC provided a basis for our development of manpower and fiscal
constraints appropriate to CONAF III. The manpower constraints were used
in establishing OMA and MPA dollar constraints and, to a large extent,
the FCIS provided factors to translate manpower and materiel planning
into appropriation constraints. Once the constraints had been established,
they were documented and displayed by fiscal year. The constraints document
was then available to the force designer in his evaluation of alternative
division forces. He could design forces to meet specified threats and
guage whether the cost of fielding and maintaining the forces were within
the limitations of men and money which present policy indicated.

4, Force Costing

a. General. -~ In CONAF IIT the force designers considered several
alternative forces. A so called "approved force' was the composition
indicated in present programing documents such as the POM and FYDP and was
used in calculating the constraints. Alternative forces involved:

(1) one with increased war reserves compared with present practice,

(2) a force with more infantry capability and

(3) a force with greatly increased aviation units.
Each of the alternatives required design refinements to maximize their
combat effectiveness within the limitations imposed by the resource
constraints. It thus was necessary to cost the alternatives (and their
variants) as quickly as possible to support the force designer.

b. Assumptions. - A computer based model was developed at CAA to
automate the calculation of the 1,300,000 data elements required to cost
division forces for CONAF III. The assumptions used in estimating the
force costs were, of course, compatible with those used in estimating
the constraints.

(1) peacetime operating conditions

(2) FY 74 constant dollars
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(3) Costs previously incurred were considered sunk and did not
enter into the calculations.

(4) Only the variable portion of costs were computed. These are
the costs which reflect the size and composition of the force. There is
a fixed cost which is basically insensitive to the force design but that
was excluded. The variable costs allowed the development of equal cost
forces not exceeding the constraint.

(5) Direct costs (expenses incurred by the division forces like
pay of assigned personnel and materiel consumed by the unit) and indirect
costs (expenses incurred in support of the force like replacement training
and medical costs) were estimated.

c. Computer Models. - The costing of division forces was accomplished
through the use of the Force Costing System developed at CAA. The system
consisted of ten separate but interactive computer programs which performed
the functions of validation, unit costing and force costing. In general,
the system extracted a troop list for each fiscal year from a file supplied
by the force designer. Then the costs for each individual unit in the
force was computed and the costs aggregated in terms of the major appropriation
categories by fiscal year.

(1) Validation Programs. - These programs checked troop lists
for valid TOE numbers and determined that the cost of the TOE units were
contained in the cost data bank. Exception reports were provided so that
steps could be taken to assure that all units of the troop list were costed
or to notify the force designer that he had specified an invalid TOE in his
troop list.

(2) Unit Costing Programs. - These costing programs updated the
cost estimates of existing units in the cost data bank. Input was from
FCIS tapes which were updated periodically by the Office of the Comptroller
of the Army. This assured that the most recent cost estimates were used.
These programs also developed cost factors for units in the troop list
which did not appear in the data bank. The factors were calculated by
taking the geometric mean of similar type units to derive a statistical
average. The geometric mean was selected by observing that the frequency
distribution of the factors associated with existing units had wide extremes.
A characteristic of the geometric mean is that it is less affected by
extremes and is a more typical average. The arithmetic mean, on the other
hand, can be greatly distorted by extreme values and therefore it may
not be a typical value. Based on the mean factors and descriptions of
men and materiel for new and modernized units, costs for these units were
computed and also stored in the data bank.

(3) Force Costing Program. - The work of validating existing
units or costing new and improved units culminated in the force costing
programs. These programs extracted cost information from theé data bank
for a given force and aggregated the costs by appropriation. 1In performing
this function, factors were applied to reflect the theater of operation,
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manning level and whether the unit is Active Army or Reserve Component;
these options were defined by the force designer in constructing the force
alternative.

d. Costing Process. - The preceding material outlined, in general,
the costing procedures. The following illustrates in more detail how the
systems worked.

(1) Existing Units, Personnel Costs

(a) The calculation of personnel costs began with either a
TOE or TDA. In the case of civilian personnel, their number was multiplied
by per capita factors, obtained from OCA to compute their contribution to
the OMA cost. The factors provided estimates by theater of operation.

(b) Military personnel costs for existing active Army units
were in the cost data bank by virtue of its update from the FCIS. In
the case of Reserve Component units, OCA factors were applied to a like
Active Army unit to reflect a decreased annual recurring cost; nonrecurring
costs or costs of initially fielding a unit were assumed equal for active
and reserve personnel.

(c) The personnel costs for existing units were computed
according to the force design. They were accumulated by appropriation
(MPA and OMA), type (recurring and nonrecurring as well as direct and
indirect) theater (CONUS, Europe and Pacific) and fiscal year.

(2) Existing Units, Materiel Costs

(a) Materiel items which are in the inventory were costed
according to the AFPCH guidance on annual replacement policy. The Supply
Bulletin SB 700-20 also provided investment cost information.

(b) When an existing unit was expected to be modernized
with new equipment, not presently in the inventory, another procedure
was used. Sources such as approved SARs, DCPs and the MPPRC were used
to obtain hardware costs. These were used to estimate the one-time (non-
recurring) as well as the annual recurring procurement costs of forces.
The equation describing the nonrecurring costs for equipment to support
a unit is:

n
CNP = .Zl Pi X Qi (ORFi + RCFi + 1.05)
1=

where Cyp = Nonrecurring procurement cost for new or additional unit
equipment
n = number of new or additional pieces of equipment
P; = Procurement cost of each item
Qj = Quantity of each item
ORF{ = Operational Readiness Float Factor
RCF; = Repair Cycle Float Factor
1.05 = Constant to reflect cost of initial repair parts and spares
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All factors were obtained from the AFPCH.

(c) Recurring procurement costs accrue for all major equipment,
not just the new or additional items. The equation which represents this
annual expenditure is:

m
Crp = jzzl ((0.03Q; + RF;) Py + Ap)

where Cpp = Recurring procurement cost for a unit
m = Number of items of unit equipment
Q Quantity of each item in a unit
0.0% Constant to reflect annual repair parts cost
RFj Annual peacetime replacement factor
Pj = Price of the item
Aj Annual Service Practice ammo cost (if any)

There were similar equations for OMA expenditures extracted from the AFPCH.
The just described process resulted in estimates of the materiel costs

for existing units. Again, the costs were accumulated as direct and indirect
costs both recurring and nonrecurring for the procurement and OMA appropria-
tions.

(3) New Units. - The previous discussion related to estimating
the costs of existing units which were either left unchanged or modernized
with new or additional materiel. 1In the case of new units which the force
designer envisoned, a different approach was used which relied much more
on manual input. Starting with an equipment list and a deployment plan,
items which were in inventory (such as trucks, radios and guns) were computed
based on latest prices in the AFPCH or supply bulletin. New items of
equipment were costed using the same relationships and references previously
indicated. Personnel costs for new units were computed by searching the
FCIS for similar types of units and deriving new personnel cost factors
based on the geometric mean of the cost factors exhibited by the existing
and similar units. Then, adding the material and personnel costs, the
total estimated costs for new units were obtained.

5. Distribution of Costs. - The preceding material has described the
methodology used in costing force alternatives for CONAF III. The distribution
of these costs, annually, warrants additional explanation. The force

designer provided the composition of his force alternatives by year. His
design indicated when units were to be modernized and when new units would

be activated. This information was necessary in order to allocate the
one-time, nonrecurring costs of activating or modernizing a unit. Recall

that the cost model calculated the nonrecurring costs as well as the recurring
expenses. The nonrecurring OMA and MPA appropriation expenses occur at

time of activation or modernization of the unit. But in order to allow
sufficient lead times in manufacturing major equipment items, procurement
funds are usually obligated in advance of receipt of the equipment. The
number of years between obligation of procurement funds and unit activation

or modernization varies with the type and complexity of the equipment,
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however, based on an analysis of several weapons systems, the obligation
for procurement of major equipment occurs, on the average, about two years
prior to unit activation or modernization. The recurring costs, of course,
are incurred in each year of operation.

6. Force Costing Summary. - A recapitulation is, perhaps, in order
to clarify the complex approach used in costing the conceptual Army in
CONAF III.

a. The force designer developed several force alternatives. The
designs consisted of combinations of units which presently exist in the
Army as well as new and/or modernized units. Also, the annual composition
of the force alternatives were specified thus providing a basis for
determining dates of activation for new and modernized units.

b. For each alternative, information on troop lists and equipment
combined with data bases like the FCIS and other approved sources for
personnel and equipment costs produced our cost data bank on all units
used in CONAF III.

c. The force costing model then computed the costs for the alterna-
tive forces by adding the appropriate units.

d. The costs of each alternative resulting from the model were compared
to the resource constraints. If necessary, changes to a force's manpower
and/or materiel were made to bring the alternative within constraints.

7. Results. - The results of this process may be seen in Figure 1.

The figure represents a typical output showing appropriations (MPA, OMA

and Procurement) by fiscal year for the constraint and three alternatives.
In FY 75, no force alternative exceeds the constraint but in FY 86, Force

1 exceeds all constraints except MPA, Force 2 exceeds the OMA and Procurement
constraints and Force 3 exceeds only the OMA limit. Looking at the total
costs for the FY 75-86 period an interesting situation confronted the

force designer concerning Force 2. That force was below the total MPA
constraint by about $3.5 billion; it exceeded the total Procurement
constraint by about $2 billion; and its total, over all appropriations,

was within the grand total constraint. The force designer was faced with
the opportunity to trade-off equipment for personnel, bringing each appro-
priation closer to its constraint, or to apprise Army planners that a change
in currently envisioned fiscal constraints may be necessary. His decision
considered the change in force effectiveness resulting from manpower/
materiel shifts. The CONAF III force cost system gave the force designer

an analytical tool in his search for cost effectiveness.

8. Summary

a. In costing the Conceptual Army in the Field, a very detailed cost
model was developed. The model centered about an automated data bank which
stored cost information on new, modernized or existing units. Costs for
alternative force designs were calculated using a methodology general

161




FIGURE 1

CONAF COSTING RESULTS

Military Personnel Appropriation (MPA)
Constraint
Force 1
Force 2
Force 3

Opn and Maint Appropriation (OMA)
Constraint
Force 1
Force 2
Force 3

Procurement Appropriation (PA)
Cons traint
Force 1
Force 2
Force 3

- .

Total
Constraint
Force 1
Force 2
Force 3
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Annual Costs in Millions, FY 75-86

FY 75 . . . FY 86 Total
$4,863 . . . $4,795 $57,812
4,766 . 4,699 56,524
4,764 . 4,454 54,181
4,768 . 4,719 56,795
2,078 . 2,017 24,448
2,058 . 2,127 24,606
2,058 . 2,108 23,889
2,059 . 2,097 24 , 464
950 . 1,243 14,670
817 . 1,254 14,435
798 . 1,522 16,524
865 . 1,199 14,023
7,891 . 8,055 96,930
7,641 . 8,030 95,565
7,620 . 8,031 94,594
7,693 . 8,015 95,282




enough for use in many studies requiring force costing. A sense of

realism was added through the use of resource constraints which established
limits of manpower and costs over the time span of interest. The approach
was well received; costs were not at issue in staffing the CONAF III report.
The same methodology will be used in CONAF IV now underway at the Concepts
Analysis Agency.

b. It is felt that the use of annual resource constraints is a
significant contribution to Army force planning. The force designer,
using the force cost system, has an analytical tool to determine how
design or schedule changes affect dollar resources and what the limits
of those resources are likely to be. He may then effect trade-offs
between manpower and materiel in order to establish a force design which
is not only effective but also affordable.
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AIR DEFENSE REQUIREMENTS FOR THE UNITED STATES ARMY
Mr. Clifton P. Semmens
Braddock, Dunn and McDonald, Inc.

OBJECTIVE

The objective of this paper is to suggest an approach which would sub-
stantiate U.S. Army air defense requirements and stabilize the air defense
force structure to the same extent that force structures of other combat
arms are stabilized.

The thrust of the paper is built around a conviction that a basic
organization for air defense in the Army is more important than equipment
requirements - at this time. Many equipment technical deficiencies can
be compensated for by innovative tactical and operational procedures.
Development of such procedures, however, cannot be accomplished in a void
where no organization or environment of complementary systems exists. In
contrast to determining weapon requirements within an organized force
structure, the Army for years appears to have concentrated on the process
of procuring rather sophisticated equipment with little regard to how it
will be employed or the force structure within which it must operate. As
a result, the adequacy of current and proposed air defense systems to
meet a full spectrum of requirements is not known, and an adequate air
defense force structure does not exist.

BACKGROUND

Examination of the history of the U.S. Army over the last fifty years
discloses a ''‘cyclic pattern' in the number of air defense units retained
within the Army force structure. WWl, WW11, and the Korean War all saw
the activation and deployment of numerous and varied air defense units to
meet the then existing requirements. Following the war periods, the num-
bers of air defense units were reduced almost to the point of elimination
of the capability. This general approach may have been acceptable under
circumstances of a period of mobilization and military buildup and against
the air threat extant at those periods. Continued application of the
cyclic approach, however, in modern warfare could prove disastrous.

The necessity for immediately available, combat-capable forces has
become a hallmark of United States military policy. The necessity also
for immediately available Army air defense forces in adequate numbers
appears obvious. Continued reliance on a procedure of obtaining these
forces '""after the fact'' appears faulty. The simple logistics of procure-
ment lead times and training alone invalidate reliance on such procedure.
The numbers and types of Army air defense units should be correlated with
the missions appropriate to the units; the air defense units should be
included in the total Army force structure. Modern war will not offer a
reasonable possibility of providing major portions of the defense against
air attack as a part of the post D-day buildup. Recourse to such a
method is valid only to the extent that the installations, facilities,
or units to be defended are themselves created during the post D-day
period.
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The most recent lessons of history convey a clear message concerning
air defense. Ground units are severely restricted in maneuver and effec-
tiveness in the presence of modern air power. Even the smallest national
powers now have modern air forces in sufficient sizes to influence strongly,
if not control, the course of the battle. Air defense--particularly
ground-based air defense means--has reached a point of effectiveness so as
to deny hostile air power control of, or in some circumstances access to,
the air space over the battle area. Air defense thus is an essential
ingredient to successful ground operations. A method of sizing the
required Army air defense ingredient by some logical, persuasive approach
offers a challenge to military planners.

Recent actions have not fully addressed the overall problems of Army
air defense. For example, recent indepth studies of Army air defense
requirements have been concerned primarily with desired materiel charac-
teristics and meet the needs of a research and development planner. In
contrast the proposed study, is based upon a conviction that a basic
organization for air defense in the Army is equally as important as equip-
ment requirements. Many equipment technical deficiencies can be compen-
sated for by innovative tactical and operational procedures. Development
of such procedures, however, cannot be accomplished in a void where no
organization or environment of complementary systems exists. Contrary to
this thesis the Army for years appears to have concentrated on the process
of procuring rather sophisticated equipment with little regard to how it
will be employed or the force structure within which it must operate.

As a result, the adequacy of current and proposed air defense systems to
meet a full spectrum of requirements is not known, and an adequate air
defense force structure does not exist.

None of the studies cited above addresses the problem of requirements
for air defense units within the Army force structure. Further, in con-
sidering the areas in which Army air defense units may be employed, none
of the studies considered COMMZ air defense requirements. In addition,
many of the current deployment studies ''beg the issue'' of adequate air
defense of committed U.S. Army forces by assumptions such as lines of
communications through areas of other national states and that air defense
of the areas of concern would be the responsibility of the friendly,
foreign state exercising sovereignty.

It seems clear that a major effort should be undertaken to determine
Army air defense requirements in relation to the total Army force structure.
Preliminary to such a major analytical effort, an approach, i.e., a method-
ology, should be considered. It is to this preliminary goal that this
paper is directed.

METHODOLOGY

Development of a force structure for Army air defenses, as with other
forces, is a complicated and delicate process. It presents a challenge
for aggressive innovative thinking and an exercise in restraint. The
purpose of such a force structure is to provide U.S. forces the necessary
balance to insure sufficient freedom of operation and maneuver to accom-

: Plish their assigned missions.
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Accomplishment of an air defense force structure must be done in
balance with the other assets in the theater of operation. In thls
respect, development of a force structure differs from developing specific
deployments and an organlzation for combat. A force structure represents
a normalized or average requirement for air defense forces to meet con-
tingencies - worldwide. The number of units, by type, must be in balance
wlth the other Army forces, in being.

Determination of the number of air defense units required is influenced
by many factors. These factors may be categorized as either '‘standard' or
""variable." The standard factors are those which remain relatively con-
stant and lend themselves to quantlitatlve measurement. Included are such
items as:

® pPriority of the defended unit/facility/installation; its
mllitary worth to blue forces

® Characteristics defined by the defended unit/facility/installa-
tion

® Misslon
® Number
® Typical size and relative location
® Mobility, disperslon, and ease of concealment
® Degree of damage 1t can sustain
® Hardness and recuperability
® Characteristics of the postulated U.S. Army air defense
materiel systems and the basic fire unit organization pertain-

ing to that materlel

® U.S. Army air defense tactics which define the procedures for
utilization of the materiel

® C(Characteristics of the red alr threat in terms of magnitude
(projected inventory numbers), performance capabilities, and
typical tactics

® Roles and missions of Army air defense
The variable factors are those which will vary with the situation

and do not lend themselves to quantitative measurement--except for the
specific situation being considered. Included are such factors as:

® Terrain--particularly as it influences location of blue
ground targets and the red air avenues of approach

166




® Contribution of the other blue air defense means to deter or
reduce the red air threat. Such contribution may come from:

® Other adjacent or associated ground-based air defense means

® USAF

® The manner in which the available red air threat will be applied
against blue ground targets, i.e., red intentions on the use
of his air power

® Specifics of materiel performance related to the given situa-
tion, e.g., target handling capacity and single shot kill
probability (SSKP)

Early, subjective analysis has indicated that the standard factors
provide an adequate basis for defining overall Army air defense require-
ments in terms of troop units and the Army force structure. The variable
factors apply only to a given situation. Measurement of their signifi-
cance under the given situation is properly the subject of detailed war-
gaming to determine defense effectiveness.

The standard factors, within acceptable bounds, remain reasonably
constant and, therefore, provide the basis for a methodology, which is
not driven by a detailed situation scenario, for determining Army air
defense force requirements. These standard factors are associated with
what and how many of the U.S. resources in the field are to be provided
ground-based air defense; the general characteristics of such resources--
characteristics which remain generally unchanged regardless of where the
Army is deployed; the characteristics and utilization of Army air defense
materiel; and the numbers and capabilities of the red air threat. This
latter factor is considered to establish a credible red air threat, a
threat that red has the capability of using. The exact manner of utili-
zation of the red air capability need not be established. Commitment to
such an approach would define blue air defense requirements in terms of
red intentions to apply its air capability.

Consideration of the standard factors will evolve a methodology for
determining overall Army air defense requirements in quantitative terms,
while detailed consideration of the variable factors by wargaming a num-
ber of typical scenarios will permit the validation and refinement of
the numbers generated. To develop a force structure only the standard
factors need be considered in detail. The goal is to establish a method
of determining a standard ratio of Army air defense units to the total
Army force structure. Modifications in numbers of air defense units
associated with an army in the field, due to detailed consideration of
the variable factors, may be made by decision at the time of such deploy-
ment. However, reliance should not be placed on the necessity to mobilize

and train Army air defense units as a prerequisite to deployment. Required

units should be a part of the Army force structure and be available for
immediate deployment with the forces they are to protect.
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Figure 1 illustrates the methodology for developing a force structure
for Army air defense forces. Note that the end product is related directly
to the number of divisions in the Army.

To develop a force structure it is necessary to define in some way the
items that require defense. This requires definition of a situation or
situations from which logical deployments of forces may be developed. In
a recent study we elected to use one scenario in Central Europe involving
a majority of the proposed Army 16 division force structure. We found
that this scenario analyzed with respect to the standard factors provided
adequate data for the development of Army air defense force structure
planning factors. This step proved most important as it not only provided
a list of assets for the theater but also an indication of where they
would most likely be located.

An analysis of Army air defense roles and missions proved to be a
critical step in the force structure development process. The role or
function of Army air defense impacts on the missions to be accomplished
and the missions in turn impact upon the equipment requirements as well
as the tactics to be employed by Army air defense units. |In other words,
it soon became apparent that a defined role for Army air defense became
the root from which the force structure grew. Simply stated the role of
Army alr defense is to defend the critical assets of the theater against
air and ballistic missile attack.

This definition permitted development of a list of critical assets
and (based upon their location the capabilities of the threat, and con-
sideration of the contribution of area air defenses as well as their
importance to the overall theater mission) arrangement in a relative
order of priority. From these lists missions for Army air defense units
were developed with respect to defending these assets under various opera-
tional conditions e.g., offensive, defensive, etc. By keying on the
mission and location of the element being defended, it was also possible
to analyze equipment requirements in terms of mobility, head-on engagement
capability, etc., and to define, in broad terms, employment and deployment
tactics. These, in turn, were used to develop specific deployments for
Army air defense units.

Command, control and communications requirements were next examined
in the context of existing Joint and Service doctrine to determine the
necessary interfaces. This, in turn, led to a logical grouping of forces
into organizations from which planning factors were developed.

An example of these planning factors is illustrated in Figure 2.

Related to a 16 division force the following number of air defense
units would be required.
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REQUIRED NUMBER OF ARMY AIR DEFENSE UNITS
BY
TYPE PER DIVISION

TYPE UNIT NUMBER
HQ & HQ BTRY, AIR DEF COMMAND .083
HQ & HQ BTRY, AIR DEF BRIGADE .333
HQ & HQ BTRY, AIR DEF GROUP .917

C/V BATTALION (INCLUDES DIVISIONAL BATTALIONS) 1.833

HAWK BATTALION (SP) 1.000
HAWK BATTALION (TOWED) 1.833
HERCULES BATTALION (3 BTRY) .250
HERCULES BATTALION (4 BTRY) .250

FIGURE 2. PLANNING FACTORS
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TYPE UNIT NUMBER

HQ & HQ BTRY, AIR DEF COMMAND 1.0
HQ & HQ BTRY, AIR DEF BRIGADE 5.0
HQ & HQ BTRY, AIR DEF GROUP 15.0
C/V BATTALION (LESS DIVISIONAL BATTALIONS) 13.0
HAWK BATTALIONS (SP) 16.0
HAWK BATTALIONS (TOWED) 29.0
HERCULES BATTALIONS (3 BTRY) L.o
HERCULES BATTALIONS (4 BTRY) L.o

A comparison of these figures with those of other branches or major
combat groupings in terms of the division slice is shown in Table 1.

These figures fall somewhat below the figures recommended by the Arms
Board in 1952, which was appointed by General Mark W. Clark and apparently
was the last organization to formally look at the air defense requirements
of the Army. The Arms Board recommended that each division in the Army

have one AW battalion organic to the division artillery. In addition,
the Board recommended that 15.61 percent of the Army combat troops on
M-day be nondivisional air defense units. In setting up a type Field Army,

the Board allocated 31,448 troops to separate AAA, 9.11 percent of the
strength of a type Field Army.

It must be emphasized that these planning factors are tentative and
subject to further refinement. Specific scenarios in various possible
areas of conflict need to be examined for the purpose of further validat-
ing and refining these figures. Once this is accomplished the Army will
have a firm basis for a formalized air defense force structure. Such a
force structure, if accepted and implemented, would include the following
advantages:

® Provide a base of trained personnel from which to expand
should the need arise. The base would be balanced and would
consist of:
® Active Air Defense Forces
® National Guard Air Defense Forces
® Reserve Air Defense Forces

® Support the development and acquisition of new equipment to

fulfill specific roles and missions as the need arises
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DIVISION SLICE-MAJOR GROUPING

TABLE 1

] 2 3 L 5 6 7
WORLDWIDE SLICE THEATER SLICE COMBAT ZONE SLICE
(PERCENTAGE) (PERCENTAGE) (PERCENTAGE)
CONUS COMMZ
TOTAL PORT ION TOTAL PORTION TOTAL CORPS
BRANCH OR OTHER MAJOR GROUPINGS | (71,955) | (20,000) | (51,955) | (12,250) | (39,705) | (21,743)
ARMOR 2.1 0.3 2.8 - 3.7 6.7
FIELD ARTILLERY 7.1 1.6 9.2 - 12.1 22.1
AIR DEFENSE ARTILLERY 5.7 1.3 7.4 - 8.2 15.0
ENGINEER 8.5 L.o 10.2 14.3 8.9 16.2
MAINTENANCE 5.1 1.4 6.5 7.9 6.0 10.9
S&S 5.7 2.6 6.8 14.8 4.3 8.0
TRANSPORTAT I ON 6.2 5.0 6.7 16.3 3.7 6.7




Provide the flexibility necessary to meet the needs of con-
tingencies and permit the tailoring of forces to the extent
necessary

Enhance the air defense career field by providing:

® Visible recognition of the air defense combat arm

® Visible continuity for a career

® A rotation base balanced with other combat arms
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COST EFFECTIVENESS ANALYSIS OF ENLISTMENT/REENLISTMENT BONUSES
by

LTC David A. Harpman, MAJ Calvin M. Anderson and MAJ George W. Handy
Concepts Analysis Agency

1. Introduction

a. In force design, a general objective is to design the mix of the
force that will maximize combat power against a specified threat. Great
care is taken to insure that a proposed force is first, feasible in terms
of weapons systems and secondly, can be achieved within given fiscal con-
straints and manpower authorizations.

b. Less consideration is usually given to whether the force is feasible
in terms of the availability of ‘personnel with the required skills; yet
the personnel constraint may, in reality, be the first constraint to become
active. In June of 1972 the Army found that it was necessary to pay a
cash bonus to induce enlistments into the combat arms. The authorized
Army force structure as it was then constituted could not be sustained
through the normal flow of accessions which allowed enlistees a choice of
occupations. The bonus had the effect of increasing the total number of
accessions and the further effect of channeling them into the skills where
they are needed.

c. The favorable results achieved from the combat arms bonus program
caused the Deputy Secretary of Defense to request approval by Congress to
"Provide the Secretary of Defense with the expanded authority to award
an enlistment bonus across Service lines solely on the basis of critical
skill determinations in order to fulfill existing accession requirements
for enlisted personnel." 1In a letter to the Chairman of the Senate Armed
Services Committee, Mr. Clements stated that the ". . .bonus would be
employed only when demonstrated .to be cost effective and only when other
alternatives have been fully explored and exhausted."

d. The Assistant Secretary of the Army for Manpower and Reserve
Affairs subsequently tasked the Concepts Analysis Agency to conduct a
study to identify cost effective enlistment and reenlistment bonuses.

The study is being conducted in two phases. Phase I concentrated on the
enlistment bonus and has been completed. Phase II deals with reenlistment
bonuses and is now in progress. The remainder of this paper provides a
description of the work completed under Phase I.

2. Effectiveness - The Department of the Army authorizes enlistment
bonuses only to individuals that enlist for four years. A key premise

of the Phase I effort is that without the bonus individuals will enlist

for two or three years and that a cost effective bonus to induce a four-
year enlistment can be identified. Thus it is assumed that an MOS position
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will be continuously filled and that each enlistment option e.g., two,

three and four years, has a cost associated with keeping that billet filled.
This allows a comparison of alterpatives with equal output but unequal
costs. The cost differentials provide a basis for determining the level

of bonus which would be cost effective.

3. Costs =~ The developed methodology assesses the costs associated

wtih the typical enlisted man during his initial enlistment. As indicated
in Figure 1, the costs have two principal components: those costs that

are independent of MOS and common to all enlistees and thosg costs that

are unique to a specific'MOS. Most of the cost categories need no explana-
tion. A possible exception is the support cost, which represents a factor
for variable medical payments and activities such as commissaries and PX's
supported by the Operation and Maintenance, Army appropriation. Another

is the income tax element which represents the estimated average additional
income tax that would be paid if the allowance for quarters and subsistence
were taxable. The primary data source selected to support the cost categories
is the Department of Defense report on the Economic Cost of Military and
Civilian Personnel. In cases where our enlistment bonus study's purpose
required data different from that of the Defense report, or where a greater
resolution of data was required, e.g., MOS unique costs, Army Staff or
government agency sources wWere used. Figure 2 presents the data sources
associated with each of the study cost categories.

Figure 1
Cost Categories

COMMON COSTS

RECRUITMENT MOS UNIQUE COSTS
QUARTERS
ADJUSTED PAY
SUPPORT
ANNUAL ST~ —  ™pep /. autow - TRAINING
ENLISTED MAN
UNEMPLOYMENT PERM. CHANGE
VA EDUCATION OF STATION
" INCOME TAX
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Figure 2
Data Sources for Cost Categories

COST CATECORY DATA SOURCE

Recruitment US Housa of Representetives Report
Conferance; US Arcy Recruiting Command

Querters "Leonomic Cost of Militery end Civilien Personnsl
{n Department of Dcfanse"

Support Same ¢s ebove
Dependence & Indemity Allowancs Same a3 above
Unesployment Compenaation Same aa ebova
VA Educetionsl Benafit Confarance ead Lattar-Report: Vetarans Administretion

Conference: DOD Steff

Income Tax Adjuatment “Economic Cost of Military and Civilian Peraonnel
’ in Department of Defense™

Adjusted Pay “Economic Cost of Military end Civilian Personnal in Depertment of
Defanac™ augmentad by Confaranca: ODCSPER and by DA Circular
611-19,

Treining "Milicary Occupational Specialty Training Cost H-ndbook-!nlpud"

OCA.
Parmacent Changs of Station “Program Objective Memorendua FY 75-79"

*DCSPER Capability Study, RCS-926"-

~

4. Study Methodology =~ The total cost for each MOS is computed by

summing the applicable costs at MOS level. 1Individual comparisons are

then made between the two or the three-year enlistee's productive man-

year cost, respectively, with that of the four;year enlistee. Productive
man-year (years of enlistment less training time) costs are the total

costs of two, three or four-year enlistments divided by the associated

number of productive man-years. The difference in productive man-year

costs between a two or three~xyear enlistment and a four-year enlistment

is the cost savings (or loss) per productive man-year which accrues from

a four-year enlistment. This annual savings multiplied by the total productiv
time of a four-year enlistment yields the total costs saved when compared

to two or three-year enlistments. The result is the maximum bonus payment
which is cost effective; i.e., the MOS bonus ceiling. An example of this
process for a two-year versus four-year comparison can be illustrated

with the use of Figures 3 and 4. In Figure 3 the '"non-DOD" elements include
those costs associated with: dependency and indemnity compensation, unemploy-
ment compensation, educational benefits and income tax adjustment, while

the "other DOD" components include costs associated with PCS; quarters

and support. The four step process, described below, applies to all MOS.
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Figure 3
MOS 12B20 - Combat Engineer

oSt ANNUAL COST
’ 8871 [ NON 00D
8,000 now oop |02 e
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OTHER 000 oTheR pop | "THER DOD
7,000 OTHER 000
6,000 ADJUSTEQ
50001 " pay
4,000 ADJUSTED | ADIUSTED | ADIUSTEQ
3,000 PAY PAY PAY
2,000 -
$1,321 TRAINING
RECRUIT. Tmf
I 5 ¥ Y SERVICE
PRODUCTIVE 3 1 2 YR OPTION
TIME IN BILLET ! ,
(16 WK TNG) 4 4 YR OPTION
Figure 4
MOS 12B20 - Combat Engineer
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$12000 $11.365 ALLOWABLE ANNUAL
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a. Step 1 sums the total two-year cost for this 11lustrative MOS:
12B20, Combat Engineér, as that for recruiting ($1321), the first year
costs ($9334) and the second year cost ($8722) for a total of $19,376.

b. Step 2 prorates this total over his approximate 1.7 years in
billet to arrive at an annual prorated cost of $11,365 as shown in
Figure 4, Similarly, the four-year prorated cost is determined.

c. Step 3 compares the four-year and two-year prorated costs as
shown in Figure 4 reflecting a $1130 difference.

d. Step 4 multiplies this difference by the four-year enlistee's
time in billet, establishing the cost effective bonus ceiling of $4,192
as shown in Figure 4.

5. The Model - Attendant to the analytical effort, a computer-based
model was developed to calculate the cost effective bonus for each MOS
at the four digit level. The model is deterministic with two optional
report formats. The abbreviated format reflects only annual costs and
bonus ceilings. This output provides a compact reference showing all
the computed bonus 1limits and facilitates the comparison of potential
savings among MOS. A detailed format provides information on how the
individual cost categories contribute to the bonus ceiling. The model
is written in FORTRAN V to run on the UNIVAC 1108 computer. Execution
time to evaluate 510 MOS is less than two minutes and storage requirements
do not exceed 20,000 decimal words.

6. Data - To facilitate assessment of changes, the model has been written
to accept most endogenous and exogenous variables in data card format.

This feature 1is useful in evaluating the effects of proposed policy
* changes. Specific data elements required to operate the model are the
following:

a. Variable input parameters, which must be provided to initialize
the model:

(1) Type of output desired.

(2) Remaining time in service required for promotion to E-5.
(3) PCS costs.

(4) Recruiting cost.

(5) VA educational cost and weighting factor.

(6) Average time in service for promotion to the next higher pay
grade.
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(7) Annual costs by grade for:
(a) Composite pay
(b) Quarters
(c) Support
(d) Foreign Duty
(e) Aircrew
(f) Dependency/Indemnity
(g) Unemployment
(h) Income Tax Adjustment
b. -Variable input parameters which must be provided for each MOS.
(1) MOS number and title
(2) Specific MOS promotion sequence (optional)
(3) Length of training
(4) Variable training cost
(5) Overseas deployment
(6) Percent of MOS drawing proficiency pay
(7) Amount of proficiency pay
(8) Percent of MOS drawing aircrew pay
(9) Percent of MOS drawing hazardous duty pay
(10) Amount of hazardous duty pay
7. Externalities - The methodology developed in this study is concerned
principally with quantifiable variables for which official cost data can
be obtained and utilized. Although not included in the study methodology,

several cogent factors are identified below for judgmental consideration
in the management and application of the enlistment bonus. These are:

a. The added operational effectiveness of the individual inherent in
the longer (four-year) enlistment.
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b. The effect a bonus awarded to one MOS may have on another MOS.
For example, a bonus awarded to one MOS might induce enlistments in that
MOS to the detriment of others.

c. The ranking of critical MOS which are all bonus candidates in
order to determine which should be authorized a bonus if money is constrained.

d. The improved management inherent in a force composed of a high
proportion of enlistees under a longer (four-year) enlistment.

The model previously described calculates a cost effective bonus ceiling
based on quantifiable factors. The decision of whether or not to award
a bonus and what that bonus should be requires consideration of the
non—-quantifiable factors as well.

8. Sensitivity - The design of the model permits and facilitates
assessment of the impact of changes to critical personnel policies such

as promotion points and training time. For example, the model was exercised
using FY 74 promotion policy and then iterated using FY 75 promotion policy
whichk generally had increased time in service requirements for promotion.
Figure 5 reflects bonus sensitivity as a function of promotion policy.

Figure 5
Bonus Ceiling Sensitivity to Promotion Policy
(Four vs Two-year Enlistment)
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Note that 71 MOS have bonus ceilings of less than $1500 using FY 74
promotion pcints, but that all MOS are cost effective at the $1500 level
when FY 75 promotion policies are used. This threshold is significant
because it is the lowest bonus payment that the Army presently intends

to offer. As is to be cxpected, the other factors which play major roles
in establishing bonus ceilings are the length of training and the variable
training cost. It is significant that MOS which require only basic
training have bonus ceilings in the $2000 range while MOS 28Q20, which

is a SAFEGUARD MOS, has a training time of 69 weeks and a variable cost

of training of $62,492, and could support a bonus of up to $194,000.

9. Observations - The conduct of this study involved establishing a
methodology, developing and documenting a model and employing the model
to calculate a cost effective bonus level. Resulting from that process
are the following significant observations:

a. The FY 75 enlistment bonus program is cost effective when comparing
the two-year versus four-year enlistment.

b. It is cost effective for all MOS to offer a bonus to induce a
four-year enlistment.

c. The bonus computation model provides useful insight into the
actual costs incurred in staffing an MOS.

d. This study will serve as an aid in considering the cost effective-
ness of enlistment bonuses; however, the determination of whether a bonus
should be offered and the amount cannot be determined on the basis of
currently quantifiable factors alone. Effective management of the enlist-
ment bonus program involves the application of judgment to many simultaneous
Army requirements and the need to operate within constraints. Weighting
of these considerations rests with the manager of the bonus program and
with decision makers reviewing the program.

10. The wide range of bonus ceilings from $2000 to nearly $200,000 suggests
alternative uses for the bonus computation model. For example, MOS with
very high bonus ceilings such as MOS 28Q20 may be excellent candidates

for civilianization. Another alternative might be to retrain a career
soldier from a surplus career field into the high cost MOS. The state of
the art today allows us to cost a potential or an actual force. The
direction of operations research in the personnel area in the future

should be to manage those costs; to provide better service at less cost.
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IDA TACNUC Model Study

The IDA TACNUC Model Study is part of a larger effort that IDA/WSEG is
undertaking for the JCS in the development of methodologies for eval-
uating the effectiveness of general purpose forces. Under the present
effort, IDA is tasked with the development of a model, or models, that
can be used to evaluate, on a theater-wide scale, the relative effec-
tiveness of combat forces employing both nuclear and nonnuclear weapons.

At the present stage of development the TACNUC model structure con-
siders the interactive effec