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FOREWORD 

The 1967 U.S. Army Operations Research Symposium is the sixth 

annual symposium in the Army series which is sponsored by the Office, 

Chief of Research and Development, Department of the Army. This 

symposium was planned, managed, and hosted by the U.S. Army Research 

Office-Durham in Durham, North Carolina. 

This volume, Part 1, is unclassified and contains all invited and 

contributed papers and major addresses which were presented in the 

unclassified sessions. A second volume, Part II, contains the papers 

and addresses which were preaented in the classified sessions. 
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WELCOME 

Major Albert G. Thompson 
Commanding Officer, ARO-D 

General Betts, Colonel Billingsley, Members of the Sympoaium: 
It Is a great pleasure for me to welcome all of you to the U.S. Army 

Research Office-Durham for this Sixth Annual U.S. Army Operations Research 
Symposium. 

In a sense, we might call this a "home-coming" symposium. Those of you 
who have attended earlier meetings in this series will know this, but for the 
benefit of those of you who are new to these meetings, I should add that the 
first two symposia were held at Duke University in 1962 and 1963. This is, 
however, the first Operations Research Symposium to be held here at ARO-D. 

The years that have elapsed since 1962 have run their course very rapid!,. 
With respect to these meetings, there is one thing that happened since the 
1966 Symposium which requires mention here. This is the death of Dr. John J. 
Gergen, of Duke University, on January 16 of this year. This is a sad event 
to report to you, bui I believe it would be inappropriate for me to fail to 
do so. Dr. Gergen wms the valued friend and colleague of many of you who are 
in this room today. He was for many years head of the Department of Mathematics 
at Duke University. Ke made countless contributions to the Army's program In 

*) mathematics. He was very closely associated with my office. Dr. Gergen was 
the Program Committee Chairman of the First Army Operations Research Symposium 
held at Duke in 1962. He was General Chairman of the 1963 Symposium. 

( His role was really pioneering, with respect to these meetings. Indeed, 
the entue concept of these symposia was largely his, with the active coopera¬ 
tion and interest of the late Colonel George W. Taylor, who was Commanding 
Officer here in 1962. 

i should like to couple these welcoming remarks with a brief look at the 
change in focus and impact that these Operations Research Symposia have under¬ 
gone during the past five years. It is fairly clear from the record that at 
the first of these symposia, considerable time was spent discussing what 
Operations Research is all about. There were appropriate references to the 
British origin of these techniques, as "operational research", during World 
War II. At that first meeting there was a lot of attention paid to Che fact 
that in the Army there was a lack of opportunities for training in Operations 
Research. Finally, there was a good deal of evangelistic expression of urgency 
that the Army uiake increased use of Operations Research in solving its problems. 

At the 1963 Symposium these topics came up again. But there were other 
things too—such as generalized discussions of tne use of simulation techniques 
in tactical and logistical problem solving. 

I 
The 1964 Symposium was highlighted by a Panel on Special Warfare, with 

international representation. Since then, special warfare, war gaming, and 
cost effectiveness have received increasing attention. 

t As one man put it to me, "Having in 1962 and 19Ó3 gotten to the brass, in 
1964 we began getting down to brass tacks." 
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Last year the theme of the Symposium was "nife Cycle Ma^egcment of Materiel. , 
This year the theme is "Uses of Operations Research in Developing Countries. This 
Includes ways of trying to put out insurgency suctions before they start. It 
also covers the matter of getting back to normal after a difficult situation has 
arisen. In this connection , the the*ue has increased significance now that the role 
of pacification in South Vietnam has been made a military responsibility. 

This Symposium is also being attended by a number of people from the academic 
world who are interested in problems of special warfare. 

There is a further trend that relates to the Army's use of Operations Research. 
Last year, and again this year, quite a number of people who would logically have 
been attending these symposia have been unable to do so. They are too busy 
working with Operations Research techniques on hot problems generated by the 
Vietnamese conflict. 

All of these changes in the atmosphere of these symposia demonstrate the 
changing and expanding role of Operations Research. We have a large number of 
Army people receiving training in Operations Research each year. We are focussing 
on problems, and there are plenty of problems on which to focus. 

Once again, I wish to extend a cordial welcome to each of you, and to express 
my best wishes to you all for a very successful meeting. 
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OPENING REMARKS 

Colonel John D. Billingsley 
United States Military Academy 

Symposium Chairman 

Good morning, ladies and gentlemen. I am Colonel John Billingsley, 
Protessor and Head of the Department of Ordnance, United States Military 
Academy. I will act as General Chairman for tie Symposium. This is the 
Sixth Annual Operations Research Symposium to be sponsored by the U.S. Army. 

As I stand here before a group such as this, I feel very much like the 
hunter described by John Daley a few years ago, whn suddenly found himself 
confronted by a very vicious lion in the jungles of Africa. He was so startled 
when this lion made an appearance that he immediately dropped his wj:-pon. The 
only thing for him to do then was to resort to prayer. He dropped _o his cnees 
and started prayi’-g. When he opened his eyes, he saw the lion also was on his 
knees. He said, "Are you praying too?" The lion said, "Oh no, I m just saying 
grace." 1 feel very much like that hunter. I hope that you are all saying 
grace. 

The Symposium will be corfducted or. a very punctual time schedule. The 
sessions will open promptly. The only single session involved will be the one 
this morning and the one on Friday afternoon. During the interim, we will have 
simultaneous sessions. These will be conducted by the chairmen designated for 
each of these sessions. Speaking for those chairmen, I urge you to be prompt 
at these sessions as shown in your program. 

I think today w are very fortunate in having as our keynote speaker for 
the Operations Research Symposium a man who, I'm sure, needs no introduction 
to most of you here. For those of you who have been in RfD work, I know that 
you have, at one time or another, come in contact with or come under the influence 
of this speaker. He has spent most of his time since 1945 in Research and Dïvelop- 
ment activities. Since 1952, each of his assignments has been in the Research 
arid Development area. He is a graduate of my alm^ atar, the United States 
Military Academy, Class of 1934. He received his Ma-iter's Degree in Civil 
Engineering from MIT in 1938. In 1949 he was assigned to the Research and 
Development section of G-4 in Washington, and then he was with the Research and 
Development Board from 1950-1952. In 1961, he was assigned to duty with AEC, 
and since 1964 has been the Chief of Research and Development, U.S. Army. It 
is certainly a privilege and a pleasure for me to present to you Lieutenant 
General Austin W. Betts. 
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OPENING ADDRESS 

Lieutenant Geneval Austin W. Betts 
Chief of Research and Development 

Today I would like to say a few words about the management of Research and 
Development, and the part that Operations Research should play in that manage¬ 
ment process. I am sure I do not need to tell this audience the Importance of 
Operations Research today in system development programs. The business uf study 
and analysis is a way of life; in fact, in my judgment, we fall far short In the 
amount of study and analysis we really ought to do. Of the many problems inherent 
in managing Research and Development, two are particularly relevant to this discus 
sion. 

First, R&D by its very nature, must deal tc some extent in unknowns. And 
second, the very large commitment of resources to military R6>D is something, in 
the big picture, relatively new. Consequently, we really don't have the depth 
of experience in thit field that the situation demands. The military services, 
as users of the lion's shar. of the national R&D dollar, ire well aware of these 
difficulties. We are also aware that solutions don't come cheap. In the Army, 
we've recently completed a very extensive analysis of our R&D management problems 
that ; -js shed some lißht on this subject. I would *1 ike to take this opportunity 
to report to you on a planned organizational change that grew out of the studies 
that were made. We have discovered no Panacea, but I am sure the steps that we 
propose will improve the situation. But first, I will give you a little history 
to illustrate the sort of difficulties we hope to correct: Now very long ago, 
July, 1965, to be precise, the Army cancex/ed a majcr development program, the 
Surface to Air Missile Defense System, the Mauler. That was to be a field Army 
Air Defense guided missile system. 1 assure you, it was a traumatic experience, 
one the Army won't forget for a long, lot.j time. Some $200 million dollars worth, 
as a matter of fact. Though it was not the first major development program to 
be cancelled nor will it be the last, it was certainly the most costly of any in 
which the Army has been directly involved, and surely it is important we learn 
what lessons we can from this experience. Now, the original concept of Mauler 
was simple and quite straightforward. The idea was to take the components of 
the very effective HAWK Air Defense Missile System and by making them smaller, 
by sacrificing something in the range, that one would require for this system, 
one could package a whole new air defense system on one tracked vehicle. The 
concept was simple, but the execution was complex. We learned the hard way that 
technical feasibility cannot be taken for granted. We ran into very difficult 
technical problems that stretched out the development cycle and resulted in 
greatly increased costs. Furthermore, and perhaps this is the most important 
factor, the slippage in the schedule tended to undermine the user's confidence 
in the development team. When the ultimate user, the Field Army, came to under¬ 
stand the full impact of the cost of Mauler as well as its complexity and the 
difficult maintenance problems that would be involved, it was decided to stop the 
development. The question is, could we have foreseen this before we made a firm 
commitment to Systems Development? Perhaps not, but I think we could. The Army's 
decision to create a new organization is a major move to avoid similar problems 
in the future. We think the changes will result in considerable improvement in 
our way of doing business in K&D. 
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If you will recall, prior to World War II, we really did not do very much 
R&D. We bought items pretty much off the shelf. Anc that seemed to satisfy 
our immediate needs. Three things changed this. The scientific and technologi¬ 
cal surge in the post World War II era, greater nations] emphasis on military 
Research and Development, and the soaring costs of new J” 
production prices, but in R&D costs. We quickly learned we had 
iob of planning what we needed, not only to determine what we could afford, but 
to eliminate that which we clearly could not afford. That fltep is always t 
tough one. One step toward improving our planning early in this period 
the creation of what we chose to call Combat Develo^nts, with lAich I ® aura 
you are all familiar, just a simple process of detertning how the .hould 
be organized and how it should be equipped and how it should ^«bt. You wi 
recall that that was then the function of Army Field Force Headquarters, and 
was later changed to Continental Army Command, or CONARC. As part of the major 
Army reorganization in 1962, the need to elevate this function to a major sepa¬ 
rate command status was recognized, and we created the Combat Developments Com¬ 
mand. And currently we gathered Research and Development, procurement and 
testing activities into the Army Materiel Command. It was recognized ta a 
collage of advances had overtaken the old idea of division into commodities by 
technical services such as Ordnance, Signal, Quartermaster, and so forth. 

Over the past few years, we have been building and adjusting the interface 
between the Combat Developments and the laboratories of AMC responsible for 
materiel development. The goal has been to respond more «««tively to the 
material requirements that have emerged from the studies of the laboratories. 
We have made considerable progress; however, in this recent organizational 
study (actually, there were several involved), we recognized that thereare 
some inadequacies in this system. Witness, for example, the fact that in spite 
of outstanding technical progress that has been made in Ballistic Missile 
technology, we haven't been able to persuade the Secretary of °efen®*fPpJ°ve 
production and deployment of the Ballistic Missile Defense System, the 
In this case, we have certainly not lacked system analysis-operational effective¬ 
ness studies. In fact, more money has been spent in studying this problem than 
was required to develop the M-16 rifle. The lack of study, therefore, hasn t 
been a problem. The problem is that we have not been sufficiently persuasive 
to convince the Secretary that this analysis is sound. I recognize there are 
many other factors than purely military that go into this equation. It is not 
a purely technical decision; for example, there are very important Ana Control 
provisions that have to be taken into account—much more political than military 
in character. Nevertheless, as has been brought out very clearly in the public 
statements of both Mr. McNamara and General Wheeler, Chairman of the Joint Chiefs 
of Staff, there are important fundamental differences of opinion about the 
potential effectiveness of the deployed Ballistic Missile Defense System. Those 
differences reflect differences in operations analysis that been under the 
office of the Secretary of Defense on one hand and that has been done in the Army on 
the other. Well, today's forum is no place in which we should debate the specifics 
of this issue. That is not my intention. I raised it merely as an example of 
how important it is that we in the Army must have Systems Analysis competence in 
great depth and at a very high quality level. 

Recently, the Chief of Staff of the Army made a decision that 1 believe will 
go a long way toward improving the Army's posture in this field of activity. In 



it« simplest terms, that decision said we will take an element of the Combat 
Developments Command that is concerned with requirements, and we will take the 
element of the Army Intelligence Community that is concerned with threat analy¬ 
sis, and then we will take a third element, representing the Army Materiel 
Command that will be concerned with technical feasibility. These three elements 
will be co-located somewhere in the greater Washington area. By detailed day- 
to-day interaction among them, we may do a better job of creating new require¬ 
ments concepts. We intend to call the CDC portion of this the Institute of Land 
Combat. As a matter of fact, that's already under way in the Army. This unit, 
we expect, will improve our capability to formulate and evaluate alternative 
conceptual designs of the Army of the future. From this effort will come the 
concept of a balanced, unified, combat system. Part of that process is, of 
course, an analysis of the potential future threat. Under the Assistant Chief 
of Staff for Intelligence we've created a groun that we call the Threat Fore¬ 
cast Group. They will have full access to the entire intelligence community, 
will also have access to sufficient technological information to make an ade¬ 
quate forecast of what the enemy threat may be over the whole spectrum of 
military systems that we may face in the future. 

The third element in this triple threat team we will call the Army Materiel 
Concepts Laboratory. It will be the mission of that laboratory to interact with 
the Threat Forecast Group and the Institute of Land Combat to be sure that the 
limitations as well as the capabilities of technology are thoroughly understood 
and form a solid basis for the future Army concept of the growth and the studies 
of the Army of the future. The objective, then, will be a close, realistic 
exchange of planning information, resulting in a clearly feasible concept of 
future land combat. From this, it should be possible to forecast what develop¬ 
ment programs we need to pursue, in order to support the chosen concept of future 
operations. Since the end products are to be requirements, it is clear that CDC 
must assume the leading role in this three-pronged effort. From this effort, CDC 
will produce Land Combat' Systems sîrudy, conceptual design in land combat forces 
for some given period of the future. It is intended that this will replace the 
current CDC concept study programs that we have called, Army 80, Army 85, and so 
forth. The new approach will produce a more comprehensive concepts document 
designed to explore adequately the sort of weapons and equipment our land forces 
could have at appropriate times in the future. Our present organization has not 
been able to do this as well as we would like. Adequate technical and analytical 
capability has not been available in CDC. This is a feature we hope the Institute 
of Land Combat will correct. 

t 

Having created a conceptual design in future land combat forces, our next 
step will be to draw trom the broad organizational and operational concepts 
justification for specific hardware developments. The chief problem will be 
to justify adequately the need for a new weapon system, both to ourselves and 
to the office of the Secretary of Defense. For major systems, OSD requires that 
certain definite prerequisites be met prior to approval of the program; these 
are the familiar six prerequisites of contract definition. This organization 
will pursue the step by step process during the concept formulation phase. This 
process includes refinement of needs expressed by the user, CDC, and a technical 
definition of needs available to meet these prerequisites. At the risk of boring 
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It! I would like to review the s^p® ^rch^rd^xplorarory development current 
development. From a background of res ^ Materlal Concept8 Laboratory 

technology and technologies or ^ t0 identify possible technics so u 
will undertake parametric deajgn studi tion{jl capabilities revealed in 

to the problem of 0^alnÍ^hteheded8e1SRÍed studies will establish relationships^ 
the Land Combat studies. the various technical proposals. ’ 
between cost aid per. ormance among the va*. wiU analyze these parametric 
as represented by the a"d performance requirements with th* very 
Hp«ions and relate possible mission anu v t;lllSj they win 
technical approaches that have been P-posed^by that warrant further 

derive the operational missions an P t ln greater detail the »PecLfic 
exploration. The AMC element w 1 then explore deslred. They 
technological approaches most tQ deVe]0p the probable costs in the 
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Their »tudle» »111 reveal the rU«r .dvent«« ^ ^ adv,nc. develop- 
obviously, the selective technical aPP^a^ ' he rlsk3 inherent in some new 
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for example, missiles versus g varvinK configurations, seeking the b*8t 
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It should be possible then requirements of the selective 

Che »yete, characterletics, ‘h' "„„..ring rather than further 
system. At that stage, we should b 7 ^ our goal to have then in hand all 
experimental or study effort. ’ ag well a8 cbe full study Justification 
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bit Utopian; perhaps it is. ? place, it is going to be difficult t 
not solve all our problems In the first p^ t£J put ln thl8 org.niza- 

find the requisite arl m short supply both in the ml^*ryiJnd 

ÎÛ"he civilian6market. h.verthele.a ^„ld Ilk. 
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nothing better than to 8ive . teci,nology for making these devices is 
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well in hand. The reports - limited application which has 
The devices themselves are effe 
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b«en possible up to now with first generstlon devices. With the development of 
second generstlon night vi-lon devices underway, the capability that we could 
give the field Army will undoubtedly be measurably Improved. The question is, 
has the formal doctrine kept up with the hardware developments? As I see the 
problem, It Is that we have not had adequate time and people to thoroughly 
explore the question of operational employment. For example, it is not clear 
that we know whether we should have night fighting maneuver battalions and day 
fighting maneuver battalions so that we can keep pressure on the enemy around 
the clock, or whether we should just furnish all units night vision devices 
and then just use them if the operational situation demands. Obviously, this 
is a matter for study from the point of view of the operational concept, not 
the hardware. Yet, just as clearly, the study must be done in the context of 
a competent prediction as to just what kind of equipment can be made available 
in a reasonable time frame. 

There is another problem coming up that might be tackled: and that is that 
of the antitank weapons. Technology today is at a point that semi-active and 
passive seeking antitank missiles are clearly feasible. Either promises consider¬ 
able improvement over the antitank weapons now available and those in development. 
Presumably, we could go into their development, but that is pretty expensive. 
As a matter of fact, the fiscal year '68 budget as now seen does not have adequate 
funds to pursue this program the way it should be pursued. We really ought to 
be smart enough to do operational concept studies that would help us choose 
between semi-active and paîsive seeking approaches. I am sure that there are a 
host of other questions or systems to which we need similar answers from operations 
analysis. With the fact of the exploring of technology staring us in the face, 
it is clear that we will never run out of things that we would like to do that 
need study and analysis to help us in the decision process. Operations analysts 
in military services, in my Judgment, have never faced a greater challenge. Even 
with a multi-billion dollar budget available in R,D, T, and E, we can t afford 
to develop everything we would like to have. We have recently been reviewing 
the projection of fiscal ’69 budget. I predict that if we are held to the kind 
of budget guidance that we are given reason to expect we will receive from OSD, 
we will fall some 300 to 400 million dollars short of the hard requirements we 
see in the Army R6.D budget, and so we have to be selective. Operations analysis 
will have to play one of the most important roles in this whole work. Good luck. 
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Dr. Hugh Cole 
Research Analysts Corporation 
Session II 

Ladles and Gentlemen: To pnt the record straight, "T 

I come from the Research Analysis Corporation. Today ** „fenerations 
in a rather Informal manner the problems ^“^£d 'iTI «“ 
Research and Systtms Analysis. T y ,;eli8 th>t the problems of manage- 
years ago, has put so much effort i „fflrer and the contract officer, 
ment are far beyond the concern of the,project offleer .nd^he^contr^.^ 

Today, the three speakers have been selected to r p orpmR Anaiv8i8 One 
aspee;» of the management end of ^ ^ A™ a^ ¿or^e 
ui 11 raoresent that portion of such researen tnat is oy j , . 
I“ . îhe «Ud »U1 represent the point of »lev of the ■•"•i«"' f “ ^ 
contract for the Army In the field of OperstonsReseerch Bot In 
this work the problem of managing research in terms of the future e"vir°™ 

Research decisions will function in a very major field u. far as th A 
concerned, the field of transportation. These gentlemen v.ll direct cnem 
selves to questions of various sorts which bother and perplex us a . 

These gentlemen will also talk to you about the problems of co-unlcation 
and misunderstandings; communication with the people who work under 
directior and your communication with the decision makers whom you inform of 

your research findings. These gentlemen «j11 al9° ^"^fîoüriïhïn* profession, 
of view of Operations Research/Systems Analysis, a r A 
broad enough in scope that it requires management, good management. 

In order to devote the greatest possible time to the questtoB P«iod, we 
will not introduce these gentlemen separately, they will follow one 
: i here on the progrsm. You will notice th.t in order to.vod.,u,bbl.. 
about rank between military and civilians, this 1. «nalphabetlc.lll.tlnB_ 
Brigadier General Clement, Director of Personnel Studies and 
Is known to many of you. He Is presently concerned with '** “"**""' “ 
direction in the military cf Operations Research/Systems Analysis, applied to 
p to personnel.' A gr.du.te of the US Militer, Acedsy, heb«. 

as you will note, the Distinguished Service Cross, won durfn* ÎufinïsI 
War. He is a gentleman with whom I think many of you may ^ 
at a time when he spent four years at the °Peration84^8earch “î"* 
was a project leader on some of the most important military studies that ORO 

ever undertook. 

Dr. Schorr, known to many of you, is President of Technical Operations, Inc. 
He has a PhD from Yale; early in his career he was a ballistics ®xP*rt* H® baB 
undertaken work in Operations Research for all of the armed 8ervlce8, J* b“ 
actually administered, personally or through his company, ma or contract effort, 
at CDEC, at fort Belvoir, and at Fort Ord. He is presently involved in many 
areas of Operations Research. He Is, as are all of rhea, three men, a director 

personally of research in this area. 
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Mr. Foster Weldon, I must explain, dees not represent the Sales Department 
of the Ford Motor Company. He Is, rather, the Manager of the Transportation 
Sciences Department. Mr. Weldon graduated from the University of Minnesota 
and was one of the earliest men In military Operations Research, particularly 
participating In a very important application of this then new science in the 
Korean War. H< spent a number of years at ORO and then went to the Matson 
Navigation Company, where he set up their Operations Research Department, and 
where he applied in industry a number of the techniques he had developed in 
the course of a long association with the military. Following his Job as 
Vice President of Matson Navigation Company, he became the head of a new 
department at Ford Motor Company. This department has as its objective to 
look to the future and attempt to predict, using such techniques as may be 
available, what the future of transportation throughout the world, in all 
forms, will be many years hence. 

These gentlemen will, without further introduction, succeed one another 
here as Indicated on your program. 



AN APPROACH TO A PERSONNEL STUDY PROGRAM 

Brigadier General W. L. Clement 
Office, Deputy Chief of Staff for Personnel 

t 

» 

i 

The Directorate of Personnel Studies and Research, established 
odÍsPER . year .go, -as charged with the hroad »le.lon o "1"* 

pereonnel research requl remente and conducting and “‘’^U orôbùm Ly 
ranae studies in the personnel area. Our approach to this problem may 
be of interest to those engaged in managing or conducting operations 

research efforts for the Army. 

1. Total System [Chart 1). 

Describe in terms of output (forces), input (human resources), 
operation (personnel functions), controls and feedback. Will deal 
principally with output, operations, and time, as a control fi 

2. Force Development (Chart 2). 

Describe in terms of concept, doctrine, materiel, organization 
and evaluation. Although geared to the field Army, it also applies to 
the total Army, or to major weapons systems. Elaborate. 

3. Personnel Functions (Chart 3). 

Describe briefly procurement, tr.lnlng end education, distribution, 
sustainment, separation and management. DCSPER organisation to handle theae 

functions. 

4. The Time Factor (Chart 4)_._ 

Briefly touch on the Army plans system, a primary control mechanism. 

5. Personnel-Development-Tlme Matrix (Chart 5),., 

Personnel aspects of force development over time. Ngw the matrix 

Is crap le ted - good or bad. We are heavily engaged in the t0 
cor ect current deficiencies. But we must project to mid and 
to effect changes — so that the now grid doesn t become a constant, ^ere 
fore, the Directorate of Personnel Studies and Research, long-range studies 

and research. 

6. Managing the Functions (Chart 6). 

Have established the total system, and having related personnel to 
force development, now let's examine management of the personnel operation 

itself. 

Define menegenent (Chert 7). DUcue. the mutrlx, p.r.onn.1 
function.. Cive .«emplee: Enlleted Grede Study, Army 75, Motlvetlon. 
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7. Simaarv (Chart 1) . 

Have outlined the personnel system in terms of totalJ;°r“ 
development. Have related personnel functions to the foice, and 
discussed briefly the management of these functions, .s a framework for 
a broad study ai.d research program in this field. 

X 
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Marvin Schorr 
Technical Operations, Inc. 

"MANAGING 0RH 

Abstract: A manager of large military oriented OR/SA groups must come to 
te’-aa with the often divergent professional requirements of h*s client and his 
OP group. This p; alem affects both the internal and external affairs of the 
group and should be acknowledged and recognized in recruiting, training, problem 
definition and result comnunicatlor.. 
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Gentlemen: 

The title of our session is "Managing OR Efforts". In view of the 

audience and my own experience in these matters my remarks will he limite 

to managing large military oriented OR efforts and particularly those in¬ 

volving close interaction with the customers’ problems. Some of these 

remarks will apply equally well to commercially oriented OR efforts but 

I will not elaborate on the differences or similarités. 

For discussion I'd like to break the managing problem into two arti¬ 

ficial segments: one dealing with the internal problems of the group such 

as recruiting and retaining talented workers, training them in new skills 

and in new environments; and ihe other dealing with matters which require 

close communication with the customer, such as problem definition, estab¬ 

lishment of reasonable goals, and the ' wonication of results. 

Fundamental to an understanding c either area is the frank recogni¬ 

tion of two major realities in this ty. i of work. One is the existence 

of the "two culture" problem in the C P. Snow sense. In this case the 

two cultures are the professional soldier/officer and the professional 
scientist/analyst/technician with the important differences in the train¬ 

ing, inclinations, aims and aspirations, value systems, reward and 

tive structures between the two professions, as there should and must be. 

The second is the existence within OR itself of a dichotomy between the 

need to be involved in real, complex problems and yet s^r-hov not get to 

involved and thereby acquire all the problems of the operating manager . 

In my experience the unhappiest and least productive OR groups are those 

where they and their customer do not recognize or refuse to acknowledge 

these problems and hope they will go awaÿ by being ignored. 

These problems are normal, are natural, are there. They usually 

cannot be avoided, or "solved" or eliminated. As a result perhaps the 

key problem of a manager of such groups is to find a way to harmonize 

and rationalize the disparate relationships between the cultures and 

within the OR group itself. 

A large part of both problems derives from the very nature of OR 

itself. In most professions there tends to be a separation between the 

creative members who formulate the new theories and develop the new skills 

and the practicioner who applies these skills. But in classic jn ^ r 

such a separation is neither condoned nor productive except in a very 

narrow sense. The very process of taking a complex real world problem, 

distilling the essence from it, constructing a model subject to meaning¬ 

ful manipulation and analysis, and drawing new and revealing information 

from it is a sort of creative act in itself--almost if you will in the 

sense that a painter can look at an extremely detailed landscape and in 

a comparatively few strokes of his brush produce a canvas which conveys 

the essence of the real scene. 
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However, the painter has one very great advantage—his finished 

canvas does not have to be closely representational of real life as a 

camera would see it. (And at least to this layman there seems to be 

an inverse relationship between how closely he represents the real 

physical world and the value of the picture). Not so the OR man—he 

must not only "create" but his creation must meet the rigorous test 

of real world applicability. Therein lies the dichotomy of the pro¬ 

fession—the simultaneous involvement in a creative act, model building, 

and the pragmatic compromises necessary in real world problem solving. 

The creative role in OR leads to two other problems, tt is well 

known that creative artists, actors, and musicians are a little bit odd, 

unconventional, unreliable, messianic. What is perhaps less well appre¬ 

ciated is that creative anythings are a little of all these unpleasant 

things too—even physicists, engineers, mathematicians, TV producers, 

marketing men and, yes, even soldiers. Without belaboring the point I 
simply ask you to accept the wealth of data which supports the precept 

that molding creativity does tend to destroy it and to recognize that 

if one wants important new insight into old operating problems one must 

simply put up with a certain amount of undisciplined behavior. 

The second unpleasant fact about creativity seems to be that in 

technology the most creative years occur in the middle twenties and 

early thirties at the latest, and with rare exception its down hill 

from there. On the other hand the skills of an operating man tend to 

increase with age, at least well into the fifties. Thus the ideal OR 

team consists of young, brash, free-wheeling creative people working 

with and for a group of older, mature, experienced operating managers. 

A great theory and highly desirable--but truly a psychological night¬ 

mare. To further compound the difficulty the customers are usually 

operating people in whom experience and Judgement are highly prized, 

and hence tend to be more mature and conservative (in the good sense 

of the word) than the average OR man working on his problem. 

In view of these basic problems how do we ever get anything useful 

accomplished? The essence of managerial skill in our large OR groups 

is the balancing of these diverse factors to provide an adequate level 

of creativity, maturity and realism within the organization and at the 

same time constantly striving to encourage the customer in a sympathetic 

understanding of the necessary environment, and the types of problems, 

under which OR can be productive. 
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This process should start with the frank recognition ^ ^ Pa¬ 
sional ORers that a great deal of what gets done in large military oriented 

OR groups is not really OR in the scientific sense, but down to earth 

practical problem solving using any tool we can lay our hands on. In 

many cases the studies have "short fuzes and it is impossiW.e to bring 
new^ thinking, or much analytical thinking of any kind, to tneprob!«*. 

It irould be irresponsible to walk away from such jobson the basisthat 
its not OR. Someone is going to make a decision P^tly based on this 

short study and he deserves the best analysis he can get even if its far 

from what could be done with a lot more time. In such a Jltuati^ bbe 
premium is on informed intuition usually based on relevant experience 

rather than on brilliant deductive reasoning. 

Consideration of this fact should show up right at the recruiting 

„tace where 5 or 10 or 15 mature problem solvers and non-creative pro- 
f^io^s aL n.ed.d for every good creative one A certain eatur ty 

imnnrtft-it (and not lust in years) in this work just so that a recruit 

can really* recognize the demands of the situation and is willing to accep . 

the environment. Fortunately it is an environment «hich most ^ 
know can be an exhilarating and satisfying one because of its very involve 

ment with real problems and decisions. 

But the training of new men must recognize these problems. In addi- 

tion S the uaoS technical skill development which continues through 

life and nurtures any professional field we must provide the coding Into 
fhe cnmolexiHes of the real world which is the essence of CS. Our greener 

“„feres he exposed to customers and their prohlem. in order to ripen. 

This implies a certain preference for the mother-hen approach on the part 

of good OR managers rather than a sink-or-swim approach useful ^ otb*£ 

environments?”*! inking, even on a relatively 
a good deal of carefully nurtured customer good will with it even under 

the best circumstances. 

The good manager also has an obligation to his Professional staff 

to see, by hook or by crook, that they can have the time to keeptholr 

professional skills well honed. This often retires a certain amount 

of ingenuity. In some environments It is literally impossible. Where 

thisTso » nay be better to acknowledge it and adopt ‘»«military 

practice of tours-of-duty by rotating men through the organisation both 

to bring in new skills and ideas and to provide a more fertile new 

environment for the departee. Managers who don’t d° 
often wind up with a high turnover rate and wonder why. The customer 

mus^of course recognise that planned rotation ln such «1 envlroument 

is infinitely more preferable than the unplanned. 
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Tlho trnlninff function must also seek to help men understand the 
•p eo+tinff attainable goads in each project. One small pro¬ 

importance of g number of half-solved large problems. The 

ï b'wf too »eh m*t bo reeioted. This is snothor srea 

£ faw rules and experience is the best teacher. 

in probi™ definition and ^«ton^íc' 

rfitcifn - "tf oror^Ä - " 
llshed by the cll™J °?'r‘^:iielnIp1ies that a meaningful dialogue must 
the OR manager. This in "P customer must appreiiate 
develop between the cUent “d »e ORer Ucn of oR/sA techni- 

the real world environment necessary t rr understand the 
ques, and its limitations, as thoroughly as the OKer ls 

real world problem of his customer fe °R pagers ^o ^ ^ 
not to discuss, not to propose.^t t° ^ frmtrlition and loss or 

Ä'n« on’both sides and serious reduction in productivity of the 

group. 

xne same problem arises in ^b'u ÎSltoUh^ 

rtnlhrSirlr-d-Ä the client in a form that permits 

him to utilize it. 

_ ., on t think the most important problems of our larger 
These then are areas in which he should spend most of 

group OR Manager and ^ rewards attendant to even small 

his personal time and ^rgy- apparent in the increased producti- 

successes are usuaxly imme y oRers and the customer. 

Äfto Ser/arfs °thebCnanfeeÓf these areas and to act 
oí S Ían aTÍas ïed to the most unpleasant consequences. 

. ^ uwirion Manaaer Transportation Sciences Division 
The remarks of Mr. Foster Weldon, Manager, iranap 

► «„fliiahlp at the time these Proceedings went 
Ford Motor Company, were not available at 

to press. 
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Research Flaming and Resource Allocation 

Burton V. Dean 

Case Institute of Technology 

A paper presented at the Sixth Annual U.S. Army Operatlona Research 
Symposium. Durham, North Carolina, May 24-26, 1967. 
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RESEARCH PLANNING AND RESOURCE ALLOCATION 

Burton V. Dean 

Abstract 
This paper is concerned with the development of mathematical models, caaputer 

programs, and data requirements to conduct development systems planning in large 
Research and Development organizations. 

The specific planning decision problems are (l) the selection of technical 
alternatives,(2) the funding cf system components, and (3) the funding of systems. 
Mathematical models ha/e been constructed which relate decision variables to 
organizational objectives. Cost-eftecti/eness relationships are developed. A 
manual is available for use in the training of planners in the utilisation of 
computer results. Tests have been conducted incorporating simulated cost, risk, 
and value data. 

Introduction 
Case Institute of Technology is conducting a study of large scale Research 

and Development (R and D) planning and decision making. The complex problems of 
R and D planning and decision making require the development of quantitative 
methods. The principal uses of these methods are to consider the effects of 
different decisions on organizational objectives and to determine the optimal 
courses cf action under constrained resource conditions. 

The R and D decision problems of concern in this study are technical approach 
selection, component development funding, and system planning. Mathematical 
models, computer programs, and available Information concerning costs, uncer¬ 
tainties, and values provide quantitatively based solutions to decision problems. 
The machematical model is the basic tool, used to translate organisational 
objectives, technical approaches, anc resource constraint statements into 
computer programs and cost effectiveress analyses. 

Since R and D planning requires the evaluation of future alternative courses 
of action, uncertainty is an importart aspect of R and D planning. Removal of 
this uncertainty would result in a considerable los' in the potential for future 
system development. The Case study utilizes the available information on uncer¬ 
tainty in achieving technical alternatives or approaches, and develops a systematic 
procedure for deiling with this uncertainty. 

Large organizational R and D planning requires the investigation of many 
approaches. For example, there are 2n possible courses of action on funding in 
the case of go-no-go decisions involving n technical alternatives. The Case study 
has developed mathematical models for handling the large number of alternatives 
through the use of a series of simple computerized methods, where the results of 
one stage are used in the succeeeding stage. 

It is expected that any systematic quantitative procedure ought to be 
adaptable to considering different organisational objectives and to be capable 
of investigating different decision criteria. T*-n Case study methods are capable 
of being applied to different objectives and criteria, where the output solutions 
that are optimal for each objective can be analyzed by R and D planners. 
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R and D DecíaIon Problems 

The R and D decision problems of concern in this study are as follows: ^ 

(1) Technical Approach Selection 

What technical approaches ought to be followed for different 

amounts of funds, and what is the effect of different funding levels on 
the probability of achieving a system component concept? * 

(2) System Component Funding 

For a range of potentially available funds for system develop¬ 

ment, how should the system componets be funded, so as to maximize the 

probability of achieving the system? 

(3) System Planning 

For a range of potential budgets to be allocated to a set of 

systems, how should the systems be funded, so as to maximize the total 

expected valui (or other decision criteria)? 

For 8t».dy purposes, a system can be represented as the end result 

in a netwo’.k of tasks leading to the solution of F and D problems and 

the development of svstem components. 

We say that a system is composed of several system components in 

the form of "Materiel Concepts." In order for a system to be achieved, 
all necessary materiel concepts must be achieved. Considered, for 

example, a system which represents a new anti-ICBM missile. In this 

case, the essential* components for this missile system would be a t 
guidance system, a warhead, including fuzing,a propulsion system, and 

a structure for the mlaslle (Figure 1). If the system is to have a new 
or extended capability, perhaps all or several of the components must 

develop new capability over existing components. All components are 

essential to the development of the anti-ICBM missile system. 1 

Warhead 

Anti 
ICBM 

Missile 
Propulsion 

Structure y » 

System Materiel 

Concepts 
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Fleur« 1. Th« »«Ut.loa.hip ttBUM fl» STfW «t U> HttgUl SOStlS*. 
In this example• auppoee that there are requirements for a new guidance 

system, and that there are several possible technical approaches which may 
be followed in order to achieve the required guidance capability (see Figure Z). 
Clearly, even if only one of these several technical approaches is successful, 
then the materiel component capability has been achieved. At least one of the 
several possible approaches must succeed. 

At Least One 
Must Succeed Guidance 

Lock-On 

Technical 
Approach 

Materiel 
Concept 

Figure 2. Tfa y 
Àppmfih«- 

Ha iscsagi of Pinion Model» 

As a basic part of the Case study, the underlying structure for decision 

making must be carefully developed. In each of the following statements the 

structure of the decision problem la briefly described. 

(1) Technical Approach SeUctlfia 

A set of alternative technical approaches may be funded, where It 
Is assied that a forecast of the chance of success and the estimated coat 
are known. The purpose of a member of this set of approaches is to 
achieve a component concept, where any one of the possible parallel ap¬ 
proaches, If successful, will satisfy the requirements for the component 
concept. A mmber of parallel approaches may be funded. The problem la 
to select the optimal set of technical approaches that maximise the 
probability of achieving the component concept, parametrised for a range 
of possible funding levels. 
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(2) Sys tan Component Pundit 

For • ay«ton and associated sat of systaa coaponents, 
the prob lea is to determine the optimal funding levels for tach systm 
component development so that the probability of achieving the system 
is maximised. This is to be answered for a range of available budgets. 

(3) Ststea Planning 

Consider that a large number of systems are to be funded, where 
the systtsns have corresponding values or priorities. In each case the 
systems have associated components and technical approaches. The problem 
is to determine the optimal allocation of funds to the systems so as to 
maximise a stated organisational criteria of effectiveness, such as 
total value or proability of achieving all systems. A range of total 
available funds is to be investigated. 

(3) Cost-Effectiveness Analysis 

In each of the three basic problems descrived in (1)-(3), the 
outputs (effectiveness) are related to inputs (cost). In each case the 
planner is able to relate the cost of system or component funding to 
value or probability of success. The cost-effectiveness relationship 
aay be used to determine the proper organisational budget. 

Optimisation Criteria 

To develop a mathematic model and corresponding computer programs it is 

necessary to consider specific organisational criteria.' The Case study has 

not been concerned with the development of these criteria, but rather with 

the formulation of the models and programs that incorporate the criteria. 

Our concern has not been with a critique of these criteria, but rather with 

the development of methods that enable the planner to synthesise the large 

Mounts of available information so that alternative criteria mav be examined. 

In each case of the cases, a cost-effectiveness relationship has been developed 

for the specific criteria. 

The criteria that have been need jp çhf Çggq gtftáY 

(1) Minimise expacted cost to achieve a technical approach. 

(2) Maximise the probability of achieving a system component for a 
speciflad cost. 

(3) Maximise the probality of achieving a system for a specified cost. 

(4) Maximise total expected value for a specified cost, with 

(i) no priority on systems, 

(ii) priority on certain systems to be funded at maximum effort, or 

(ill) all systems to be funded. 



(5) Maximize proabillty of achieving all systems with 

(1) no priorities on systems, or 

(11) priority on certain systems to be funded at maximum effort. 

Mathematical Methods 

The application of operation, t.aa.tch 1. to develop decl.loe «odeia and 

soluciona to the proble«, that are p.r«.«.erlt.d b„ the dollar »ount. to be 

«ade available. In tbl. v.y it 1. po.aible to conatruct . eoat-effee.lvgait 

approaoh to re.e.rch pl.nnln, which preaent. a rel.tlon.hlp between the 

amount allocated to » and D and the «..1.U« expected value to be achieved. 

The basic «.thod that la proposed for use in research pl.nnln, la 

avn-m proeransnln,. Dvn-sic propr—ing 1. a ..them.tic.l method for det.r- 

nining the optimal allocation of raaourcea to activities ao a. to beat 

achieve an organisational objective, for example, if •" organisation 1. 

engaged in a »«bar of ta.ka, and can ..tímate tbs .»panted coat, and banefit. 

of each task, than dynamic programing may be uaed to find the optimal a- 

moun, to allocate to each taak ao a. to ...1.1.. f parfon^c. of th. or¬ 

ganisation. In non-tachnlcal tar.., thl. 1. accomplished by solving a n»b.r 

of one-dlmenslonal dacl.lon pr.bl«., matead of th. many-dlaanalonal al¬ 

location problem a. originally fonsulatad. Sine, planning Involva, th. 

allocation of raaourcea to actlvltiaa. it may b. oba.rvad that dyn-ic pro- 

,ramming 1. a uaaful planning tool. In particular, th. ...aura, of parfo~»c. 

of alternate plan, that corr.apond to dlff.r.nt budget levai, ara obtain* 

a. a direct result of th. dynamic progr—lng aolution. Bacana, dy-tlc 

programing 1. an Iterativ, method It 1. -.0.01. of being anally converted 

a. nrooraimlns is utilized in th« «olution of into s computer program. Dynamic programming 

the decision problems (1)-(3). The outcome of the computer pro*ra««, «hic 

incorporât, dynamic progr—lng modal., ah* co.t-.ffactive«., ralatlonahlpa. 

The Mathematical MPteU 

(1) Optimal Selection of Technical Approach«« (Model T) 

For a specified materiel concept we define 

p — the probability that the ith technical approach is eucceaa- 
1 ful, if it ia «elected for funding, 

C - the estimated ^ of funding the ith technical approach, 
* if it ia «elected for funding, and 



f1ÍC) — th* maximum probability of accomplishing the materiel concept, 
choosing an optimal set of the first i technical approaches, 
with C dollars available to allocate across the technical ap¬ 
proaches in a materiel concept. 

Then underlying assumption is that only one of several parallel technical ap 

proaches need be successful for attainment of the materiel concept. 

Then 

fPl» lf ci i 

E1(C) ’I ' 0, if (^ > 

f2(C) ■Í 
MAX[1 - (l-P2)(l-f1(C-C2)), fjtC)], if C2 < C 

t1 (C), if c2 > C 

and, in general, 

r MAX[1 - (l-PN)(l-fN1(C-CN)), f^jiC)], if CN < C 

f„(C) - \ 

(Wc>-lfc«>c 

(2) Qptl—1 Pundlna of Conçut» (Model M) 

For a specified QMDO comprised of j materiel concepts, the solution 

of Model T yields probabilities P.(C), the maximum probability of achieving 
th ^ the J materiel concept if C dollars are allocated to it. Furthermore, 

tnla optimal solution for all Increments of C dollars is derived by noting 

the choice (yes or no) in the maximizing criteria at each step. Considering 

an amount to be allocated to a QMDO. The decltlon problem is to find how 

much to allocated to each materiel concept within the given OMDO. 

Define 

F^(C) - the maxlmun probability of achieving materiel concepts 

1,2,...,1. 

The underlying assimiptlon is that each materiel concept must be suc¬ 

cessful before the QMDO is achieved. 
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Then 

f2(c) 

and infteneral, 

fm(c) 

F^C) - R^C) 

o (Ro'-x) F. (C-x)l, 
0 < X < C 2 I 

[R (x) F (C-x)} 
0 < X < C 1 2 M-l 

■« 

(3) Optimal System FundlnR (Model S) 

Nov, suppose there are W distinct OKDO's to »hlch funds must be .1- 

loceted. Each OMDO has a sillit.ry value, or priority. V[ assigned to It 

which describes its Importance relativ, to the other OMDO's. 

..i d «-r. aatormine how to allocated the total b»idg*t 
The decision problem is to determine now to ax 

B, so as to maximize the total expected military value. 

W 

I 
K-l 

vkgk(Gk), subject to 

U 
E C < B, where 

K-l ' 

r.^rn 
the maximum probability of attaining OHM K. ulth t dollar, 
allocate across it. The CK functions are determined, 

rourse, by Model M. 

to 

Let 

H^B) 
_ the maximum attainable expected military .clue of OMDO's 

1, 2,..., i* 

Then 

MB) 

H1(B) - V1G1(B), 

-MAX [V2G2(x) + H^B - *)], »nd 

0 < Xe< B 

in general 

h (B) - max lyv*)+ ^ - 1(B " 
” 0 < x < B 

n„. B.nnlrements. The models require specific data for selection 

purposes. These requirements are 
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(i) 4ht System - Materiel Concept - Technical Approach descriptions, 

(ii) estimates of probability of success for each potential technical 
approach, and 

(iii) estimates of expected cost during the planning period for each 
technical approach. 

(iv) assignments of user military value or priority systems 

The Military Value Concept. Although all systems are assigned a priority 

level which describes their military importance, it Is necessary to derive a 

wanerical value for this rating in order to maximize total expected military 

value. In this case, all systems are assigned a relative military value, with 

the range of the scale of values and the actual values to be determined by 

the planner. It is possible to vary the numerical military values, in order 

to test for the sensitivity of decisions on estimates of military values. 

The AMC Data. In order to test the efficiency of methods and sensitivity 

of solutlcns developed by the Case mathematical models, AMC provided input 

data. 

Specifically, 18 simulated materiels systems were selected and coded, 

and for each of the 18 systems, a QMDO plan was simulated which consisted of 

the following: 

(i) planning networks including the technical approach level. 

(il) estimated annual R and D cost for each technical approach and the 
and the laboratory where the work would be performed. 

(iii) three sets of military values, each set of values being arrived at 
by means of a different order ranking technique based on estimates 
of future strategic needs. 

The order randlng values given by AMC are displayed in Table 1. 





We 2. Dwriptlon of Optimisation Criteria 

K Hun I 

A Run II 

B Run III 

B Run IV 

C Run V 

C Run VI 

D Run VII 

E Run VIII 

A Run IX 

maximize expected military value using first order 

ranking technique 

maximize expected military value using second order 

ranking technique 

fund all priority class 1 systems at maximvzn level; 

maximize expected military value of remaining systems 

using first order ranking technique 

fund all priority class 1 systems at maximum level; 

maximize expected military value of remaining systems 

using second order ranking technique 

maximize expected military value using first order 

ranking technique, under constraint that all systems 

must be funded at a level to give them a positive 

(non-zero) probability of attainment. 

maximize expected military value using second order 

ranking technique, under constraint that all systems 

must be funded at a level to give them a positive (non¬ 

zero) probability of attainment. 

fund all priority class 1 systems at maximum level; find 

allocation across remaining systems which maximize the 

probability of achieving all of them 

maximize the probability of achieving all systems 

maximize expected military value using third order 

ranking technique. 
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OBUliatim Ûtum»- At the outset, AMC asked for optimal solutions 

to the problem "maximize expected military value," and piovided two order- 

rankings for the eighteen systems. When the solutions were developed, there 

were some unexpected results — under both order-ranking techniques, there 

were several svstems which were not funded in the optimal solutions for the 

budgets rated high, average, and low by AMC. 

When these results were presented, it was deci-’ed^that perhaps the 

decision criterion used was not entirely suitable, an<Cbegan to suggest new 

constraints which should be satisfied by any "optimal" solution. One 

comment was that all systems should have some funding, in order to satisfy 

user requirement, that all systems receive attention. Another comment 

nointed out that by allowing "no funding" solutions, continuity in research 

programs could be lost, as an on-going project one year could be dropped the 

next year, then possibly re-instated later. 

Also, it was pointed out that perhaps all priority class I systems 

should be funded at their maximum level, in order to provide such systems 

with the b'.3t chance of success. In this case, any remaining funds would 

be allocated across systems in priority classes II and III according to 

some optimization criterion. 

These new decision criteria were programmed and more test runs were 

made. In all, nine different computer runs have been made for AMC. 

Descriptions of each of these runs are given in Table 2. 

Comparisons of Solutions Generated bv Different Optfalg»UoH 

Table 3 compares the solutions for optimal $14 million allocations for 

the nine runs made to date. ($14.8twas required to provide minimus funding 

in run VII). 

Runds I, II, IX are identical except for the military values assigned. 

Comparison of the optimun allocations given with the military values listed 

with the AMC data reveals that significant discrepancies usually occur only 

when there is at least a three-fold difference in the miliUrv value weightings 

given a system. 
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Runs III - VIII are all constrained solutions; however, the Case 

method permits direct analysis of budgets and values, providing i cost/ 

effectiveness relation to be developed. For example, run V is identic«! to 

run I, except that run V does not permit anv system to be omitted in fund¬ 

ing. The tradeoff for this benefit (funding all systems) is seen to be a 

drop in expected military value from 35.6 to 33.5, or about a 5.8% loss. 

The important fact is that the analyst can determine what must be lost in 

relative military effectiveness for additional organ!/.ational constraints 

that are to be imposed on the solution. 

Further Research 

This paper would not be complete without a brief indication cf the 

potential and actual limitations in the methods developed-to-date and the 

need for further research: 

(1) The model is dependent on the ability to obtain probability/ 
cost es imates that are sufficient, accurate and conr.iRtant. 

(2) The soli cion is sensitive to major differences in opinion as 
to future values of proposed systems, and is also sensitive 
to the total range of possible values. 

(3) Although, the discretization of cost estimates is comewhat 
unrealistic, mort complex cost-probability functions could be 
handled if it were possible to obtain such functions from pro¬ 
grammers of the technical activities. 

(4) Computational times increase exponentally with the number of 
systems. However, approximations in costing would reduce com¬ 

putational time. 

(5) As a result of (4) and since it is quite expensive to perform 
simulations to estimate the sensitivity of solutions generated, 
further research is needed to provide analytic forms of solutions. 

(6) The consideration of "time to completion" of various technical 
approaches is not considered in the models. Scheduling problems 
will be investigar ad. 

Current research is devoted to analyses in (1)-(6) above. 

Summary 

This paper presents the basic methodology to be used in the solution 

of decision problems in large R and D organizations where uncertaintiea in 

outcomes and values are major factors. 
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The essential element of a management science Is the use of scientific 

siethods and models. Through the use of mathematical models of R and D 

management decision problems, It Is possible to plan and control R and D 

programs efficiently. Because the models are probilistic in nature, the 

parameters are subject to errors of estimation. However, computer programs 

utilising mathematical models permit the R and D planner to analyse the 

impact of technical, economic, and political changes and uncertainties on 

plans and to provide for the effective use of scientists and engineers to 

meet organizational goals. 

This paper presents an integration method for analyzing three basic 

decision problems Involved in research planning. 

1. Selection of technical a ernatives (Model T) 
2. Funding of material concepts (Model M) 
3. Cost allocation across sys’-ems (Model S) 

The models are sequential in that the results of each decision problem are 

used in the subsequent decision problem. The solutions are parameterized 

in that all results are presented in cost-effectiveness form so that the 

decision maker can select the minimal cost level to achieve necessary ef¬ 

fectiveness objectives. In addition, the solutions are adaptive to changes 

in the values of the model parameters. 

To implement and make effective use of the models, data and information 

on parameter values is required as inputs to the models. However, only 

limited amounts of data are required for the initial decision problems. 

Problems (1) and (2) require estimates of the probability of success and 

costs. However, in addition, military value is required in the case of 

problem (3). It may be observed that an estímete of military value is not 

required in order to solve problems (1) and (2). 

Computer programs have been developed and applied to the analysis of 

sample Army Materiel Command (AMC) problema. A small number of simulations 

have indicated that decisions are not sensitive to variations of parameter 

values within a range of 2:1 to each parameter. A manual has been developed 

which describes the procedures to be usen by the R and D planner. A technical 

memorandum has been prepared for distribution, which describes in complete 

detail the methods and results that have been obtained-to-date. Current 

research is continuing in extending the methods described in this paper. 
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ABSTRACT 

1. Purpose. The purpose of this paper is to present a proposed 
methodology for mission oriented military research and development 
resource allocation. 

2. Methodology: 

Dollars for research and development are beginning to plateau ., 
and may in the near future dip slightly. Inflationary pressures will make 
the dip move noticeable; it therefore is incumbent for the research and 
development community to give its dollars more SENSE and CENTS. 

Project TORQUE consists of several basic steps which may be 
summarized as follows: 

Each service defines a set of Operational Capability 
Objectives. These state what operational functions the Service thinks 
It will be required to carry out In each of several time frames. 

Numerical weights are a ilgned to these Operational 
Capability Objectives reflecting the relative importance of each with 
respect to the other. 

Interdisciplinary teams analyzs the Operational Capability 
Objectives to determine ways these requirements can be met and in what 
time frame. 

Technological capabilities sought by the interdisciplinary 
teams sre examined and arranged into single technologies by the technology 
teams. The single technologies are then arranged In increasing levels 
of difficulty with fundi-g and time requirements. 

The data generate 1 is fed t'1 a computer which is expected 
to determine the utility of each of several budget levels for the next 
fiscal yi- : In each technology area. 

It should be emphasized that this is purely a tool to supplement 
and not to supplant management judgment. 
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Now what is TORQUE teally and what is it like? 
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TORQUE Is a proposed analytical procedure for achieving balance 
in the allocation of Exploratory Development and Research funds by 
answering two questions: (1) what is the total cost and (2) what is the 
bast balanced allocation of these funds? (Slide 2) The basic data for 
the analyses are provided by the operational judgments and decisions by 
the Secretariats and Service Chiefs of the Military Departments and by 
systems and technological analysts, by the military user and by the 
RDVfiC coasnunity. If proved by test to be feasible, the technique will 
provide additional input data to our DoD management judgments and decisions 
that impact on the Exploratory Development and Research Program. 

TORQUE will not replace informed Judgments, nor can it operate in the 
absence oi these Judgments. The required judgments come from individuals 
expected to be most knowledgeable, and the conclusions flow from a consistent, 
objective, analytic proesus. Each step is fully identified. Any contested 
conclusion can be examined readily, and corrected if necessary. 

In theory, the TORQUE procedure provides an analysis to assist the 
allocation of Research and Exploratory Development funda. However, the 
consideration of Research programs must follow a demonstration of the 
over-all feasibility of the procedure for the Exploratory Development 
sategory. 

Two general goala can be assigned to the Research and Exploratory 
Development efforts of the DoD. First, the larger portion of the effort 
and funds is directed specifically toward generating technology needed 
for operational objectives. Where R&D effort Is motivated by such an end- 
product application, a more systematic method of relating magnitude of 
effort to urgency of need would be helpful. Second, some of the effort 
is, and always should be, expended to seek and capitalize on unexpected 
developments in science or technology. TORQUE is Intended for use in 
balancing those efforts designed to fulfill the first goal, while placing 
no arbitr.ry restrictions on expenditures related to the second goal. 
Given a constraint on total fundo, however, TORQUE will Indicate the 
cost of ths more speculative efforts in relation to other, more oriented 
investigations which might not be funded. 

TORQUE procedure now has certain recognizable deficiencies. 
The deficiencies will be discuased later in the paper. In the interim 
we will examine the TORQUE procedure in greater detail. 

The Problem 

The DoD invests resources in sciertlfic and technical investigations 
because the Department anticipates a need for the findings of thosa 
investigatioas. The amount of money spent in advancing some a\aa of 
science oi technology should reflect the interest of the Department in that 
area. Similarly, the relative amounts spent in several areas should 
reflect the varying degrees of departmental interest among those areas. 



Because total resources are limited -- and obviously will never be 
able to support all potentially useful investigations - some prospects 
must be denied. No area of science or technology can be advanced as 
rapidly as its proponents might desire without affecting other areas. The 
problem of allocation -- or of achieving "balance" — becomes * °‘ 
determining how much an additional advance in one field is worth to the DoD, 
as opposed to an advance in some otner field which might be bought with the 

same money. 

TORQUE, in principle, proposes to clarify the matter of 'balance by 
requiring that the following questions be answered tor each area of science 

or technology: 

1. What achievements are desired? 

2. What is the relative worth of each? 

3. When are the achievements needed? 

4 What, will each cost? 

As indicated previously, the planned feasibility test will consider these 

questions onl* in relation to the Exploratory Development (or Technology) 

category. 

When available the answers to these questions will be combined into 
a quantitative measure of the usefulness of money spent in each area of 

technology. 

This point is worth emphasizing. The method does not measure the 
importance of an area of science or technology on an all-or-none basis. 
Instead, it evaluates the relative expected return on investment (of each of 
several possible budget levels) for that area. Thus, the relativa importance 

attached to a given budget change in one area, compared with the same 

budget change in another area, can be evaluated. 

CONSTRUCTING A UTILITY MEASURE 

The most important single feature of the method described in this 
report is the use of a quantitative evaluation of the importance of each of 
the various levels of fu.-.dlng in specific areas of science or technology. 
This importance will hereafter be referred to as the utility of a funding 
level. The central problem is to define a measure of utiHty which can be 
applied to all programs or projects which are in competition with each 
other for funding. In what follows, the description will be in terms of a 
utility measure for Exploratory Development efforts. The extension to 
Research appears to he possible following a similar procedure. In this 
case instead of Operational Capability Objecives, technology needs for 
new scientific information will be the starting point. 



Ai i flrit itip In constructing a,utility measur« aach military 
Sarvld *iit defina a sat of Operational Capability Objectives (OCO's). 
(Slide 3) theee «tata what operational functions the Service thinks it 
will be required to carry out In each of several time frames. The Service 
must then assign a set of numerical weights to these Operational Capability 
Objectives for a given time frame. The numerical weights must reflect the 
relative Importance of the Operational Capability Objectives with respect 
to each other. A standard procedure, the Churchman-Akoff method has been 
chosen for assigning weights to objectives. Weights assigned by this 
method preserve the order of priority and have the additivity property. 
The process Involves a series of comparisons among the Operational 
Capability Objectives and tentative assignment of numerical weights, followed 
by consistency checks. The procedure Is best Illustrated by examples shown 
In Volume I of TORQUE. 

The next step Involves analysis of each of the Operational Capability 
Objectives by an Interdisciplinary Team of users, technologists, intelligence 
specialists and systems analysts. The task of this team is to determine 
ways In which the Operational Capability Objective can be carried out in 
a specific time frame. This will generally involve OCO/technology links 
such as a weapon system(s), coumunication system(a), etc. The team must 
taka Into account the worlù situation expected In the time period, and the 
capabilities the enemy is expected to have during that time. They must 
then state the level of technological capability requi/eu of each sub¬ 
system, component and technology required In the system to carry out the 
Operational Capability Objective. This may be a statement of the strength 
of a material, range of a radar, accuracy of a guidance system, etc. 
They must next assign a number representing the criticality of the 
technological capability to the Operational Capability Objective. (Slide 4) 
This may range from a low number representing a technological capability 
which contributes only minimally, to a high number which Implies that the 
Operatlc^al Capability Objective cannot be attained without this technological 
achievement. Finally, the team must assign two dates to each level of 
technological capability. (Slide 5) The first is the earliest date needed. 
That Is, present equipment, or equipment already scheduled Into the 
inventory Is expected to be adequate until that d.'t*. The "earliest" date 
may, of course, be the present. The second is the latest date by which the 
technological achievement can be available, and still be used with full 
effectiveness. This may represent a date by which the enemy is expected 
to have a crude countermeasure, or In some other way the achievement 
enters obsolescence. (Slide 6) 

TIMF AND COST 

The next step involves collection of the technological capabilities 
sought, (previously specified by all the Interdisciplinary Teams examining 
all the Operational Capability Objectives) into packages representing single 
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areas of technology. These packages will hereafter be referred to as 
technologies. The key points to putting several required achievements 
into a single technology are: (1) that they represent different Level* 
of Difficulty (LOD's) of the same technology; and that (2) it be necessary 
to achieve the easiest as a first step toward achieving the next most 
difficult. A team of specialists in a given technology is given the set 
of LOD’s pertinent to their technology previously prepared by the Inter¬ 
disciplinary Team. The task of the Technology Team is now to put these 
LOD's in order of increasing difficulty, and estimate the cost of achieving 
each of the LOD's by the required date given for that U)D by the Inter¬ 
disciplinary Team (Slide 7). 

BUDGET ALLOCATION 

The data provided by the various teams described above is used to 
determine the utility of each of several budget levels, for the next 
fiscal year, in each technology area. All calculations are expected to 
be carried out by a computer. The procedure can be described briefly as 
follows. 

Each LOD has associated with it at. Operational Capability Objective 
weight and a criticality number. Basically, the worth of having 
achieved an LOD is the proportion of the Operational Capability Objective 
weight and its criticality. That is, the worth of an LOD is the iroduct: 

Weight X Criticality. 

Each LOD has a "latest" year assrc:atcd with it, when it is needed. 
If the technology leading to this LOD is funded at the level specified 
by the Technology Team, the LOD will be achieved when needed. However, 
if the budget is reduced, the achievement date will slip. Thus, the worth 
of an LOD is reduced, according to a timeliness function. (Slide 5) 

Finally, with each LOD there is associated a total cost, including 
the cost of lower LOD's which have to be achieved first. The current 
year's budget represents a certain fraction of this total cost. Thus, the 
worth of an LOD is modified further by this budget fraction. 

The utility of a budget level allocated to a technology is the sum 
of the worths of each of the LOD's in that technology. This utility can 
be computed separately for several possible budget levels for the current 

year. 

The allocation process involves the comparison of the additional 
utility purchased by an allocation to one technology, with the additional 
utility which could be purchased by allocating the same money to some 
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other technology. The computer program is designed to make allocations 
in such a way as to buy the maximum total utility. It should be noted 
again that the method described is not capable of being used directly for 
allocating money between the services or between research and exploratory 
development. 

What we have described then is a brief overview of a potential system 
for resource allocation by the services. The sequence of actions can be 
sumsMd up in the following slide (8) which are spelled out in greater 
detail in four separate volumes. Volume I from which much of the previous 
material has been taken is an overview of the Methodology. Volume II 
"Instructions for Deriving and Weighting Operational Capability Objectivee" 
goes into much greater detail as to how this should be done. Similarly, 
for Volumes III ar 1 IV entitled "Instructions for Interdisciplinary Teams" 
and "Instructions for Technology Teams" respectively. 

Like any systems which has bright spots - and we like to think TORQUE 
has bright spots * there are problem areas too. TORQUE is not a panacea. 
It does not answer all questions and it raises some. It is a probable 
step forward but we won't really know until the experimental evaluation 
is completed about nine months from now. We do know, however, that it 
does have general shortcomings which have been pointed out to DDR&E. 
These may be sunmtarlted as follows. 

(a) The effects of non DOD research and development on the DOD R&D 
picture are not taken into account. Thus AEC, NSF, NIH, NASA etc. can 
make significant contributions to the state-of-the-art and this will not 
be reflected in the TORQUE technique. 

(b) The relative cost of doing research and development in 
different areas of science and technology vary and are not recognised 
in ’’'ORQUE. 

(c) The inability to work in some area ot science or technology 
due to lack of qualified personnel or ceiling limitations is not accounted 
for, nor are: 

(d) The problems sf technical risk 

(e) The problems of one service doing work oi ueneflt to another. 

(f) The need for allowing some proposition of the total funds for 
use in high risk, high-payoff efforts of low apparent relevance which may, 
however, lead to significantly improved military capability. 
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The»« then ere some of the recognised ehortcominge end we nay 
find more a* the experimental Implementation proceed# and complete». 
ThU doe» not, of course, mean that the method necessarily has no merit. 
What it does mean Is that we wist ?trlve to Improve and come up with a 
really meaningful, useful tool. 

In summary then the procïdure described above attempts to allocate 
resources to technology areas on the basis of the importance of advances 
In each technology to operational capability objectives and at the times 
when the latter are needed. If this effort proves successful we will then 
extend the methodology to the science area and we will also obtain the 
following benefits: 

(a) In future years budget we will be able to determine what advances 
can be had (but not necessarily achieve) for each > or < in the budget 
in specific areas and the mission or missions it will impact on. 

(b) Tie 6.2 (technology) money directly to mission (0C0). 

(c) If carried to the nexv step the experiment will tie 6.1 (aclerce) 
funds to technology needs. 

d) Congressional criticism will be placated. 

I would like to again emphasise that TORQUE is not intandad to 
supplant the manager but rather to supplement his intuition and judgment. 
It is basically, another work<ng tool for management. I think this is most 
' nortant and this in closing is the most important thought I would like 
to leave with you. 

Thank you 
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APPENDIX II 

CRITICALITY OP A TECHNICAL EFFORT TO A DESIRED OPERATIONAL CAPABILITY OBJECTIVE 

(The assumption is that the objective of the technical effort will be 
accomplished.) 

Absolutely Essential 

Failure to have this technology will absolutely prevent the attainment 
of the capability desired...,,,,,1.0 

Major Contribution 
« 

Failure to acquire this technology will result in a significant decrease 
in one or more of the major performance parameters needed to attain 
the capability desired. Such degradation probably would not prevent 
a favorable decision for development of equipment for the Inventory....0.? 

Cost Reduction 

Success in achieving this technology will provide a major reduction 
in the cost of achieving the capability desired...0.5 

Substantial Contribution 

Failure to achieve this technology will result in the loss of a highly 
desirable but not essential capability. Such degradation, while 
important, probably would not prevent a favorable decision on the 
development of equipment for the inventory to attain the capability 
desired.....0,4 

Refinement of Capability 

Achievement of this technology will result in some refinement of the 
present capability. The desired capability, however, could be 
achieved without this effort.,0.3 

Indirect Contrioutions 

Achievement of this technology will only be an indirect contribution to 
the capability desired...0.2 

Remote Association 

Thif effort has only a remote association with the capability desired.0.1 

No Contribution.. .......... 0.0 
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A LABORATORY PROCEDIERE FOR SELECTING 
RESEARCH AND EXPLORATORY DEVELOPMENT PROJECTS 

Mr. Bernard Sobin 

Research Analysis Corporation 

Cognizant Agency: US Army Materiel Command 

In the next twenty minutes \ 3 must cover a considerable amount of 
ground: explanation of a model for optimization of a laboratory 
director's choice of research and exploratory development projects 
and description of an exercise in the use of the model at the Harry 
Diamond Laboratories. 

TIE MODEL IN BRIEF 

The approach of the model is quite orthodox with respect to the 
general field of operations analysis, but unusual for research and 
development planning. It is assumed that Army laboratories exist to 
produce knowledge with values which are a function of contribution to 
future increases in military capability and reductions in cost. The 
laboratories have resources of money, facilities, and skilled manpower 
plus a wide variety of ways to comoine these resources inproduction of 
knowledge. The problem is to choose a way of combining available resources 
so that the value of the knowledge expected to be produced is maximized. 

The model developed with this approach has five major parts. The 
first two parts, which must be completed simultaneously, consist of a 
determination of expected resource availabilities and a definition of 
all project proposals in terms of what knowledge they may be expected 
to produce and what resources they may be expected to require if work 
is started on them (or continuud if they have a]ready been started). The 
two parts must be completed simultaneously because a single way of 
classifying resources must suit both sets of estimates. The third part 
of the model is a determination of relative values of the proposals 
as defined. The fourth part is a zero - one linear programming compu¬ 
tation to determine which combination of project selections has the 
highest aggregate of relative values among all the combinations that 
are consistent with the resource availabilities. 
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The fifth part is a set of recyclings of the computations. It 

is an exploration of how computed answers would be changed by modifica¬ 

tion of some of the input . A technical director may wish to explore 

the increments in maximum attainable value associated with increments 

positive or negative) in the availability of certaxn -sources.In 

addition the computed answers may appear to resulw f.om in^ut error 

or^omissions that**cannot be recognized uotll the implied «“«era are 

available. For example, the maximization of aggregate value with the 

mlnu of proposals as originally defined may involve leaving some 

resources idle. Use of otherwise idle resources is costless — and 

mav even have some positive value. Knowledge of availability of cost¬ 

less resources may generate ideas for augmentation of the original menu 

ofVopöriHm others that n»ke larger one of the costless resources 

in relation to other resources. Another reason for recycling may 

a finding that, in maximizing the aggregate value of individual projects, 

the^prograiming model has left major fields of technology without any 

nrolect renresentation at all. The next cycle of computations could 

then include stipulations of minimum amounts of activity in such 

areas. 

ADMINISTRATIVE HISTORY 

The broad approach of the model was developed in the course of a 

year's »orV. that »as sponsored by the »my Materiel Command as^a taak 

under a Research Analysis Corporation contract »Uh 
Office The task involved an analysis of the entire Army Materiel 

procedure for detemlning the content of 
exploratory development programs. The final report included a reccm 

mandat ion that, to the extent that l«bOTa*or^s,^''"h‘^D^"hln 
determination of the »ork they do, they should use the approach 

described here. 

Practical difficulties are bound to arise, however, in any appli- 

cation of aCane« procedure urfer realistic condition. It 
while to complement the theoretical recommendation of the first year 

with preparation of detailed procedures, trying out those Procures 

at Army laboratories, and modifying them (if necessary, even discarding 

them entirely) as realistic experience seemed to suggest. 

Actually the first year s work had not been 
qtaff members of a number of laboratories had participated in tests of 

the^partof^ the mode1 involving assignment of relative values to pro- 

j9ctPproposals. These laboratory staff members were approached during 
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the second year to see if they were interested in a full-scale 
exercise of the entire selection procedure. A number of express¬ 
ions of interest were obtained in this way. Then, since considerable 
laboratory effort would be required for the kinds of exercises we 
had in mind, the Director of Laboratories of the Army Iteteriel 
Command was briefed on the exercise plans; and his permission was 
obtained formally for the interested laboratories to devote whatever 
resources they considered appropriate to experimentation with the 
model. 

The exercise of largest scale was conducted at the Harry Diamond 
Laboratories. The exercise there was really two almout independent 
exercises. One was aimed at' maximizing ty'd effectiveness of the pro¬ 
gram of research and exploratory development in the Systems Research 
appropriation. Nearly all laboratories of the complex do some work 
under Systems Research; and every laboratory does work other than 
Systems Research. The second exercise covered ail of the work in 
Laboratory 300, regardless of which appropriations might be involved. 
The major judgments for the first exercise were made by the Plans and 
Programs staff of the laboratory complex, headed by its director, 
Mr. James E. Spates. The judgments of the second exercise were made 
by the director of the laboratory concerned, Mr. Robert Hatcher. 

The two exercises involved somewhat different kinds of problems. 
The exercise in which everything was Systems Research had more homo¬ 
geneity oí proposals, making value comparisons easier. Mr. Hatcher, 
on the other hand, had to make value comparisons for work in such 
diverse fields as fuzes for missiles and fluid amplifiers for arti¬ 
ficial hearts. His task was eased, however, ao compared with that 
of the Plans and Programs Staff, by his greater familiarity with the 
proposals evaluated. The exercise on Systems Research also had a 
relative disadvantage in lesser realism of any assumptions to define 
the manpower pools from which the selected projects could draw. Mr. 
Hatcher could reasonably assume that he was optimizing the use of all 
the skills in his laboratory; but in the other exercise, arbitrary 
assumptions had to be made for each skill class on how many of the 
Harry Diamond Laboratory personnel in that class should be considered 
as belonging to the pool that was to be available for Systems Research 
and Systems Research only. 

Altogether, the two exercises at Harry Diamond Laboratories con¬ 
sumed more than 500 man-hours, though probably less than 600 man-hours. 
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SOME DETAILS OF THE MODEL AND ITS EXERCISE 

The TLne Horizon 

Phrases like optimizing the selection of proposals subject to 

resource constraints can roll off a tonfue quite easily; but, as soon 

W.V reduction to a mathematical model is considered, a problem of time 

horizon arises. If the task is to chooîe which of the newly proposed 

and already started projects should be vorked on dur'ng some near¬ 

future period, it is clearly necessary to take into account the fact 

that the project values depend in many cases on further use of resources 

in later periods. Many investigations take three years or more. Luring 

the life of such a project, new proposals will appear; and resource 

availabilities will change in ways that cannot be predicted with any 

precision. Restricting the problem of maximizing ultimate value sub¬ 

ject only to constraints to availabilit/ of resources in ^he near 

future would make the mathematical problem unambiguous, but a very 

poor reflection of the real decision problem. A proposal requiring 

a small amount of early work and a great deal of work in the future 

would look falsaly cheap compared to ore needing only a moderate 

amount of work right away. 

The device used in the exercises vas to have a judgmental con¬ 

straint on the aggregate amount of present and future budget funds 

to be committed in the plan period. This was in addition to the 

constraint on the budget funds to be actually spent during the plan 

period, The limit on total commitment was supposed to be the product 

of an average year's budget and an average project turnover r&te» 

In the Harry Diamond Laboratories exercises, the constraint was set 

at twice the current budget for one run and omitted for others to 

test the significance of the constraint. 

No attempt was made to treat dis ant future resources other than 

money in a similar manner. Resources such as manpower skills are 

subject to changes in their mix if enough time is allowed, ft“113 

assumed in the exercise that, while the composition of the staff on 

hflnri and approved vacancies may be of decisive Importance in deter¬ 

mining the work that can be done during the immediately coming year, 

there is sufficient possibility of planned change during a year to 

permit the assumption that plans for periods beyond a year depend 

for their feasibility primarily on the availability of money. 
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ClaasIficatIon of Resources 

The mathematical model assumes that all resources within a class 
are completely intercnangeable. For example, if physical chemists is 
a resource class and if a particular project requires two physical 
chemists l‘or a year, the computer model will assume that any personnel 
identified as belonging to the class of physical chemists are equally 
satisfactory for the job. If they actually are not equally satis¬ 
factory, the principle of the model requires a disaggregation of the 
class into sub-classes based on quality, but then requires the assump¬ 
tion that, within each sub-class as determined, there is perfect 
homogeneity. 

In real life there are no two scientists or engineers at a labora¬ 
tory who are identical in their capabilities. Resource classification 
for the model requires some error of homogeneity assumption. The prob¬ 
lem is how to keep this error small. One device used in the exercise 
was to allow one person to be assigned to more than one class. A phy¬ 
sical chemist who is also a physicist can be counted both in the physical 
chemists pool and in the physicists pool. All that is then necessary 
is to prevent the computer from assigning him simultaneously to tvo 
jobs. This is done by setting up a new resource class consisting of 
an aggregation of physical chemists and physicists. Any proposal that 
requires one of the components of the aggregate is listed as requiring 
both that .component and the aggregate. For example, if there are six 
physical chemists and four physicists but only eight of the aggregate 
of physical chemists and physicists, restricting the aggregate of all 
projects to use of no more than eight physical chemists plus physicists 
is sufficient to ensure that nobody with both skills need therefore be 
called upon to fill two jobs. 

Although another exercise, one conducted at Engineer Research and 
Development Laboratories, is not discussed here at le. gth, the manpower 
classification there had some interesting features worth noting. Each 
of two broad classes of skill had three levels of capability. Every 
man in one of the higher skill levels was considered a member of the 
sub-classes at his level and at any lower levels. A requirement for 
a man at any level was accounted for as a requirement for the aggregate 
of all levels plus a requirement for all up to and including that level. 
Another in 'resting feature of the exercise there was the existence of 
a class that consisted of only one man. He was also in other classes, 
but he was the only one who could do certain kinds of work. 
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It is reasonable to expect that some kinds of work may be so 
specialized as to fit only one of the members of the staff. But where 
this becaaes the usual situation, the problem of allocating resources 
changes. At one laboratory complex where an exercise was under con¬ 
sideration, each of the proposals considered for inclusion in the scope 
of the exercise had only a single investigator considerad capable of 
doing the work. Moreover, each investigator was considered available 
for only one kind of work, work that he himself proposed. Under such 
circumstances, the only resource allocation question is how much 
financial support to give an investigator; and the model described 
in the present paper is not appropriate for that. The exercise there 
was abandoned. 

Definition of Project Pioposals 

A project proposal as considered by the mathematical model is 
something to be either accepted in full or entirely rejected on the 
basis of whether the value achievable is greater or less than the value 
that would be achievable in the best alternative uses of the resources 
stated as required. This requires inputs of unambiguous resource re¬ 
quirements for each proposal and unambiguous values. The mathematical 
model cannot consider interactions among proposals nor suggest alterna¬ 
tive ways of meeting the same knowledge goals by projects run more 
economically than the proposals as defined. 

In the real world each definable piece of current work is related 
to other work going on simultaneously and derives much of its ulti¬ 
mate value as part of a combination of work efforts that include sanv* 
not yet started, and perhaps not even definable until sane time after 
completion of the current effort. Conpromises are clearly necessary. 

Here are rules that were used in the exercises to deal with such 
problems. To begin, although any relatively small-size project is 
likely to be virtually worthless if all of the rest of a laboratory s 
program is dropped, a unit of work is not too small to be included in 
the proposal menu as a separate proposal unless it is so complementary 
to detailed pieces of the program that it would not be worth considering 
except in combination with those other pieces. Frequently this level 
of aggregation will be found in units of work classified as tasks on 
Form 1^98 reports to the Army Materiel Command, as appeared to be true 
in many cases at Harry Diamond Laboratories. Value interrelations may 
still remain, of course. The value of Proposal A by itself plus the 



value of proposal B by itself may be more or less than the value of A 
and B in combination. Where the independent sum is worth more than 
the combination, the proposals are at least partial substitutes; 
where the sum is worth less, the proposals are complementary. When 
such value interdependence is considered to exist, those defining 
proposals for the exercises must assume that each original proposal » 
would be considered independently in the later evaluation work, but 
they must add a dummy proposal to the menu which would consist of the 
combination. Thus, if A and B are related, the values assigned in 
the next stage would be for ea:h on the assumption that the other will 
not be accepted; buv the contingency of acceptance of both should be 
allowed for as a rejection of both independent proposals and an 
acceptance of the dutmy combiaation. 

It may be seen that a principal problem of proposal definition 
was to arrive at a list, including dummy proposals, such that each 
proposal could be considered as having a value independent of the 
acceptance or rejection of any other sipgle proposal on the list. 
A second problem was to make sure that all interesting variations oi 
particular proposals were listed as separate proposals because the 
computer was not going to modify any proposal as defined. The computer 
would not say: "That is a very interesting and worthwhile proposal. 
It is accepted but subject to a reduction of 15 percent in the number 
of technical man-years from that proposed." The proposal as defined i 
had to include the best judgment of what resources were likely to be 
required to achieve the stated objectives; and alternative proposals 
had to be defxned to state what reductions in resources and associated 
modification of proposal objectives were worth considering. The 
compute- would only accept or reject. * 

As is well known, present practice in research and exploratory 
development does include frequent reductions in resource availabilities 
without modification of proposal objectives. Logically, this can 
reflect either a disagreement with the proposer on what resources are 
required to reach stated knowledge objectives or simply a belief that 
whatever reductions in objectives may be made necessary by the resource 
reduction would not be sufficient to make acceptance of the revised 
proposal unwise. In principle, though, there is no leason that super¬ 
visors should not be able to squeeze the water out oi resource require¬ 
ment estimates before resource allocation decisions have to be made; 
and there is no reason why smaller-scale proposals with reduced 
objectives should not be capable of being defined explicitly. In any 
event, the procedure of the exercise removes some incentives to pad 
proposals in anticipation of arbitrary resource reductions; the 
padding may lead to a rejection instead of a mere trimming of the 
proposals. , 
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Assignment of Rela ive Values 

To a theoretician the assignment of relative values for the 

proposal as defined may appear to be the most difficult part of the 

model. Actually, the problems of definition of proposals and re¬ 

source classes appeared to give more trouble in the exercises. The 

assignment of relative values was almost a routine application of 

procedures worked out and partially tested well before. A prelijninary 

version of these procedures was described almost two years ago in a 

paper by Sobin and Proschan [l]. Complete details of the latest 

version of the procedure appear in a paper by Sobin and Gordon [21. 
Only a few highlights will be given here. 

The procedure has a slight similarity to the more widely known 

procedure of Churchman, Ackoff, and Arnoff [3]. The latter has the 

evaluator first rank all proposals and then guess at relative values of 

each of smaj.1 groups of proposals in relation to an arbitrary value 
of a standard proposal. Then the evaluator must make a series of 

ordinal judgments within each group among combinations of elements of 

the group and the standard proposal. Each ordinal judgment establishes 

bounds to the relative value combinations that are permissible within 

the group. Enough ordinal judgments are made to establish what may 

frequently be ’ather narrow limits to the relative value possibilities; 

and any initial guesses that are outside those limits must be modified. 

After each group has been so processed to eliminate any discrepancies 

between ordinal judgments and relative values within the group, a 

second set. of adjustments is necessary to eliminate any discrepancies 

between relative values and rankings across all groups. 

The procedure used in the exercises here requires fewer and 

simpler kinds of ordinal judgments and make?; up for the lesser judg¬ 

mental effort by assumptions of rtatistical regularity of some unknown 

function defining the relationship between value rank and relative value. 

The only judgments that need be made are an initial ranking of all pro¬ 

posals and then a number of ordinal comparisons of the value of one 
proposal as compared with the value of two others. 

As in the Churchman, Arnoff, and Ackoff procedure, the evaluator 

starts with an evaluation of all proposals. There is also a designation 

of one proposal as having an arbitrary value. But then the similarities 

stop. The proposal with an arbitrary value is one of the higher ranking 

ones, at about the 90th percentile. This proposal is plotted on a gratoh 

with a linear scale of order numbers (ranks) and a logarithmic scale of 

relative values. The next step is to find the two proposals separated 

by two order numbers (i.e., with only one other proposal having inter¬ 

mediate rark) having a sum of values that, in the judgment of the 

evaluator, is most nearly equal to the value of the base proposal 

(initially the one with the arbitrary value). It is then assumed that 

the proposal with value intermediate between those of the pair has one- 

half of the combined value of the pair and therefore one-half of the 
value of the base proposal. 
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The number of order numbers between the base proposal and the 
proposal with one-half of its value is one measure of the slope in 
that region of the curve that describes the relationship between order 
number and relative value. Other measures of the slope in the same 
region are made by starting with bases one order number higher and 
one order number lower than before; and the average slope is tenta¬ 
tively taken as the trie slope. A new base point is plotted at a 
value one-half that of the old base point along the line with the cal¬ 
culated slope; and the slope to reach a value half that of the new 
base point is calculated. This procedure is continued to plotting of 
as long a chain of points as possible. Straight lines between the 
plotted points provide interpolations between the highest and lowest 
values plotted. 

Additional curves may be drawn starting at new arbitrary points 
among the highest ranking proposals; and the relative values implied 
by the various curves may be averaged. In the exercises discussed here, 
three such curves were calculated in each case. Finally, any pro¬ 
posals with higher values than those plotted so far may be calculated 
as sums of values of any two proposals that seem nearly equal in com¬ 
bined value. 

In the Laboratory 300 exercise, all the judgments were made by 
one man. In the Systems Research exercise, it may have been a committee. 
In neither case can I be sure of how confident the evaluators felt 
about their judgaants. But they did go through the procedures and 
produced curves with general shapes similar to what had been produced 
in a number of tests of the evaluation procedure elsewhere; and the 
curves conformed in general shape to the theoretical expectation that 
had existed before the acquisition of any test data. 

The Linear Programming Model 

The linear programming problem has the following general form: 
i 

Maximize 
subject to __ 

3&lij S \ (i = 1’ 2’ •••’ i’ q) 

¡CVj(J = Ij •••} •••* 

£s, , ^ X (k = j •••} kj •••} m) 
kj 

X = 0 or 1, where 
J 

,th 
V is the estimated relative value of the j 
J th 

requirement of the i resource class if it is selected for the program; 

proposal; a^ is its 

R^ is the aggregate amount of the i 
th resource available for the program; 

a^ is a constant that is one for all j in a set of substitutes for one 

another and zero for all j not in that particular set of substitutes; 

and Xj is a variable that is one if the j ^ proposal is to be selected 

and zero if it is to be rejected. 
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Although there are a number of algorithms that can be proven to 

converge to a solution to this kind of problem in a finite number of 

iterations, that finite number can be impractical:' large. An examina- 

tj.on of available literature for the RAC project disclosed no procedure 

that could be relied on to give the correct answers in a practical 

amount of computer time when the problem was of one of the sizes 

encountered in the tests of the RAC resource allocation methodoxogy. 

The US Air Force Flight Dynamics Laboratory has a linear problem 

similar in general form (but with only three resource classes to accouht 

for, compared with as many as 20 in the problem here); arid it uses a 

proprietary computer routine that belongs to C-E-I-R, ine., and ia 

tailored for the IBM 709^ system [H]. For the purposes of the RAC 

project, it did not seem practical to use a proprietary program tha^ 

could be run only on the owner's computer. 

The algorithm finally chosen was a modification of one published in 

1965 by Egon Balas [5]. The Balas procedure belongs to the class of 

algorithms that experiments with various combinations of X tnat will be 

assigned a value of one. Since the number of possible ccaJu.atiOM is 

2n where n is the number of variables, any practical algorithm of this 

class must be able to provide a more efficient search procedure than 

to simply try all combinations.* The basic Balas procedure does much 

better than to test all possible combinations, but not well enough. 

The modification of the problem here took account of special character¬ 

istics of the problem to tighten Bias's more general search procedures 

and improve convergence. 

The computer program is now considerably different from the way it 

was during the exercises. Weaknesses of the mathematics at that tine 

made it impossible to prove that the best solution attained in each run 

was the best attainable. It was possible oUy to put lower bounds on 

the amount of further improvement that could be proven impossible. The 

program was also clumsy to use and contained a great deal of IBM 70U0 
machine language. Since then there have been improvements in the mathe¬ 

matics to make rapid convergence to an optimum possible, and h^een 

a substitution of Fortran for machine language as part of a plan to make 

the routine more useful to Army Laboratories.** The new program, when 

tried on two prdblems that previously had taken more than an hour of 

* Another approach uses linear programming with variables restricted 

initially to any o ¿X s 1. Then, where any X. is found to be 

significantly different from both extremes, the problem is rerun 

with additional constraints desigred to promote integer solutions. 

** Daniel Cowgiil, who wrote the first version of the cTnprter program, 

used machine language to minimize storage space at atJ®e^en it was 
believed that storage space would limit the number of itérions. The 

present version of the program, however, can have an Tf" 

of iterations; and storage requirements depend only on the size of 

matrix. The conversion to Fortran and other work to 

and simplify operating procedures is work by John Kenworthy that n 

nearly all been completed. 
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IBM 7040 time to produce solutions which could not be proven optimal, 
completed both problems with ^roof that the previous answers had indeed 
been optimal, in less than nine minutes of IBM 7044 time.* 

EXERCISE OUTPUTS 

The recyclings of computations for proposal list and parameter modifi¬ 
cations suggested by earlier computations were not included in either of 
the exercises at Harry Diamond Laboratories. However, the original computa¬ 
tions included not only the basic problem in the Laboratory 300 exercise, 
but also the maximum value on assumptions of two arbitrary changes in 
resource availabilities. In both exercises, the computations show what 
resources have surpluses. 

EVALUATION OF THE EXERCISES * 

The decision procedure discussed here can be evaluated from four points 
of view: 

(1) Is it internally consistent? 
(2) Does the structure of the model reasonably reflect 

relevant characteristics of the real world? 
(3) Are there any characteristics of the procedure (time 

required, cost, administrative difficulties, etc.) that 
make it Impractical? and 

(4) Are the inputs that can be obtained sound enough to 
yield good outputs? 

The first question cun clearly be answered favorably. 

The second question raises such issues as the degree to which scien¬ 
tific and engineering personne.1 can be classified into groups so that 
within a group differences in capability may be disregarded for planning 
purposes without significant error. It will be recalled that this was 
clearly not possible at one laboratory where the exercise was abandoned. 
Another instance of such an empirical question is the feasibility of 
defining a menu of project proposais in such a way that the decision 
problem can be reduced to determination of which proposals or discrete 
variations of proposals should be supported fully or not at all rather than 
to determination of a continuously variable degree of support that is con¬ 
ceivable for each proposal. Discussions with participants in the exer¬ 
cises do not suggest that errors introduced by such simplifications of 
reality were important at Harry Diamond Laboratories; but no definite 
statement has yet been obtained. Of course, whichever way the decision 
may go for Harry Diamond Laboratories, it can be the other way elsewhere. 

The fourth question is most crucial. Any procedure for choosing 
research and exploratory development projects must rely heavily on human 
judgment. An objective procedure would have to depend on false assump¬ 
tions about the nature of the problem. 

* The IBM 7044 system now used at RAC does a problem of this sort about 
two or three times as fast as the IBM 7040 system. 
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When the exercises were planned, it was believed that the judg¬ 
ments required by the procedure were in forms that maximized the 
likelihood that they would be relatively good judgments. Projects are 
judged only conparatively and with respect to their output value ranks. 
Sometimes it is necessary to compare output values of two projects with 
output values of one project; but there are arrangements for averaging 
out some of the errors in these more difficult judgments. Finally, the 
procedure avoids the use of any "black boxes" that convert judgments 
about details into major decisions in ways that cannot be followed by 
the author of the judgments. The implications of al1. judgments are 
obvious; and the judgments can be changed at any time where changes are 
suggested by the implication.' . 

Despite such heuristic arguments in favor of the relative quality 
of judgments in the procedure exercised, a great deal of weight should 
be attached to the considered opinions of those who made the judgments 
in the exercises. If they have more confidence in decisions reached by 
judgments in the form required by this procedure rather than by judgments 
required in connection with alternate procedures, then the judgments are 
good enough. At this time, we do not yet have a formal statement from 
the participants. We hope to have such a statement included in our formal 
report to the Array Materiel Command. 
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Th« Amy Tactical Airspaca Regulation Syat«n (ATARS) ia * 

.sapons support syatem enabling the flald coa»and«r to obtain aaxi- 

rnu.n use of Army rotary wing aircraft. In the development of modern 

weapon and supper' systems such as ATARS, a levai of complexity has 

been reached that makes it essential to conduct a broad system study 

in the concept formulation phase to insure the selection of the best 

system approach. Recognising this reed, the Avionics Laboratory of 

U. S. Army Electronics Command, Fort Monmouth, New Jersey has con¬ 

tracted for this study with Coimminication Systems Incorporated. At 

this Juncture the «cudy project is three-quarters completed and is 

entering the final selection and recommended design phase. 

ATARS objectives start with the basic need to enable the field 

coanander to obtain maximum usa of Army rotary wing aircraft. Thua, 

the ayrtem la being designed to operate primarily for helicopters In 

all variety of tactleal aituationa, with amphasls on low visibility 

flight conditions. It ia intended to provide support to all aircraft 

in flight, in the performance of tactical missions. This includes pro¬ 

viding safe and expeditious air traffic flow on a twenty-four hour all 

weather baaia within the Army coordinating altitude. 

Thie paper is concerned with the system effectiveness of ATARS, 

that is, how well does the system do what it is supposed to do. To de¬ 

termine thia, we start with a discussion of the nature of the problem. 

This is followed by the performance required, system concepts, and the 

means of msasuring performance effectiveness. In discussing the nature 

of the problem, recognition is given to the increasing need and use for 

helicopters in limited war, and the constraints placed upon both the 
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pilot and tha fitId coouander In obtaining maximum utilisation. Also, 

thare art tha limitation« of the praaent manual syatem, and tha multl- 

tuda of problama Introduced by Interfacing with other military depart- 

manta and civilian aviation. 

Conalderation la given to the performance requirementa of the sya¬ 

tem needed to meet the objectlvea and hence to hopefully reaolve the 

problema. Thia include« eatabliohlng performance criteria and ayatem 

function«. In the ueual operation« reaearch procedure, it waa then 

neceaaary to perform the war gaming and modeling to obtain the range 

of quantitative performance requirement«. Syatem concepta were eatab- 

llahed baaed on aaaeaalng the technology to meet the requirementa. 

Thaae Included eatabliahlng the aubayatema, communications, navigation, 

etc., the alternative system approaches, and the technical trade-offa. 

Additional fundamental concepts were developed for such basic elements 

as collision avoidance, separation distances, and confidence limita on 

projected positions. Finally, the discuasion of ATARS performance ef¬ 

fectiveness explains that it is measured by means of statistical model¬ 

ing which incorporates the appropriate queue models. The resulting 

measure of effectiveness Includes such factors as flight density, con¬ 

flict rate, composite system workload, and the system response time. 

Nature of the Problem 

Experience with the helicopter in Southeast Asia as a short range 

tactical weapon has established its increasing need and use in limited 

war. The advanced development of these rotary wing aircraft has pro¬ 

vided e significant range of cepablllty in the tectlcal theater of opera¬ 

tions. As e result, the helicopter is replacing substantial ground trans¬ 

portation particularly over rough terrain and for amphibious operations 
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«uch at unloading «hipa. It haa proven Ita value in many military 

functiona auch aa logiatlca, firepower, mobility, and command and 

control, through auch factora aa ita Immediate availability, freedom 

of utilisation and economy of utilisation. This increased utilisation 

la accompanied by conatrainta on the pilota and field commander that 

restrict the optimum freedom of utilization. Theae constraint« stem 

from limited visibility condition« and air traffic congestion. The 

problem of limited visibility may be caused by weather conditions or 

night time flying or both, and the difficulties resulting from air 

traffic congeation are encountered largely in the terminal areas. 

In considering current air traffic control systems, there are 

several, the manual system presently In use by the Army, and other 

systems designed largely for high performance aircraft for civilian 

aviation and other military departments. While much can be learned 

from existing systems, they still have considerable limitations in 

their possible application to the ATARS problem. The Army air traffic 

system, as it exists today, la based upon airlanes, that la, air corri¬ 

dors between beacon points. While It has proven to he a workable sys¬ 

tem for the manual flight-strip technique currently employed, It has 

disadvantages of which perhaps the most Important Is the limited use 

of available airspace. In addition, the flight density that can be 

supported by the manual system within the control area la severely 

limited. 

Thera can be no question that the nature of the flight condition« 

for rotary wing aircraft, such as nap of the earth flying short rang« 

missions, undeveloped landing »ones In the forward area, are all sig¬ 

nificantly different from those encountered in civil aviation and high 

T 
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performance military aviation. Thla la not to Imply that high per¬ 

formance air traffic control techniques are entirely uaeless to the 

Army. Where techniques developed by the FAA or the Air Force can be 

used for helicopters In the tactical environment these are certainly 

considered. There are, however, many areas wheie entirely new tech¬ 

niques need to be developed. 

Recognition must also be given to the need for Interfacing with 

other military agencies and with civilian aviation for peace-time 

flights or transoort through to tactical theaters. The overall De¬ 

partment of Defense objectives se k commonality of systems wherever 

feasible, the Integration of communications, navigation, and regulation 

known as the CNIR concept, and at the very least, compatibility between 

different systems that interface. An example of this Is the Air Force 

flight within the Army coordinating altitude. 

This*brief discussion has provided a blrds-eye view of the nature 

of tha problems to be considered In undertaking the bro^d scope of the 

ATARS study. Consider, next, the performance requirements estsbllshed 

for the system. 

Performance Requirements 

To determine system effectiveness we first establish the perform¬ 

ance requirements simply because system effectiveness Is based on per¬ 

formance delivered against performance required. As a weapons support 

system, the objective of ATARS must be to enable the field commander to 

obtain maximum utilization of Army rotary wing aircraft. This means the 

system must provide support to all aircraft In flight, within the coor¬ 

dinating altitude, presumably in the performance of tactical missions. 
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Th« very nature of this «upport con«tituter the performance criteria 

for ATARS. These criteria are shown In Table I, below. 

TABLF- T- PERFORMANCE CRITERIA 

(1) Coordinate all airspace users Including Air Force, 
Navy, Artillery, Air Defense, drone flights, etc. 

(2) Maintain safety of aircraft by separation standards 

and monitoring air traffic. 

(3) Facilitate flying under ’ow visibility flight con¬ 
ditions through pilot guidance appropriate to lim¬ 
ited visibility such as night flying and Inclement 

-«¿ther. 

(4) Provide for orderly traffic flow en route and with¬ 
in terminal areas to achieve efficient use of the 
airspace and minimise delays In queue. 

(5) Facilitate search and rescue of downed pilots and 
aircraft by pin-pointing location and vectoring 

rescue aircraft. 

(6) Display aircraft disposition to field commander to 

facilitate effective utilisation. 

ATARS may achieve the desired performance by means of several spe¬ 

cific functions which may depend on either self-contained airborne 

avionics or ground based control systems. Most likely, a combination 

of the two will prove most effective. These functions are listed In 

Table 2 on toe following page. 



TABLE II. ATARS FUNCTIONS 

; (1) Flight plan processing to facilitate coordina¬ 
tion of airspace users, terminal scheduling, 
and predictions along tha intended path. 

I 

i (2) IFR an route regulation to provide for safe and 
expeditious air tr«»'?ic flow in low visibility. 

(3) VFR flight following, a simplified en route act! 
vity to serve for coordination and rescue. 

(4) Terminal control to encompass all air traffic 
regulation, take-off and landing operations in 
the terminal area. 

(5) Coordination functions to provide for the inter¬ 
face with other military aguu-les and airspace 
users. 

(6) Support functions to provide for rescue vector¬ 
ing, other en route aids if needed, and aircraft 
disposition display to the field commander. 

—! 

Having established the performance criteria and the ATARS func¬ 

tions, the next step is to determine the quantitative performance re 

qulrements which form the basis for system design specificstions. 

This is accomplished with the aid of tactical mission scenarios also 

known as war games. The scenarios developed for ATARS are shown In 

Table III on the next page. 
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In th« formulation of th« tactical miaaion acenarioa «vary ef¬ 

fort waa made to incorporate realiam in the aequence of eventa. Thia 

real lam la partially illuatrated in Figure lf an overlay of four 

combat functiona in one phaae of the Ghana acenario. Aa a further 

meana of inauring realiam a computer waa programmed to Introduce 

unexpected eventa auch aa enemy action, miahapa, or bad weather dur¬ 

ing the progresa of the battle. Then, the completed acenarioa were 

exercised on the Air Traffic.Regulation (ATREG) simulator provided 

by Cornell Aeronautical Laboratories. 

As an example of the results obtained from analysia of the 

scenario activities, Figure 2, shows the density distribution dur¬ 

ing a busy 24 hours. The upper curve represents the distribution 

for individual aircraft which reached a peak density in excess of 

800 over the entire field army. The lower curve depicts the den- 
a 

sitias encountered for formation flights which averaged 5 aircraft 

per flight and reached a peak density of 175 flights. A summary 

of the quantitative performance requirements derived mostly from the 

analysis of the tactical mission scenarios is shown in Table IV, on 

the following page. 
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While analyals of the tactical aiaaion acenarioa provided im¬ 

portant Information about fli»ht denaitiea, formation si«, and ter¬ 

minal operationa in a realiatic tactical environment, not all of the 

requirementa could be determined by thia war-game method. One aet 

of deaign parametera needed ia the empirical reUtionahip between 

conflict rate, conflict volume, and the flight denaity. Thia informa¬ 

tion could not be determined from the realiatic acenarioa without elab¬ 

orate techniquea to play the gamea in real time with aeveral military 

officera. So long aa only one experienced officer prepared the flight 

plana, there were either no confllcta or very few. To circumvent thia 

limitation, a flight profile generator waa developed aa a aynthetic 

•cenarlo. Ita geographic configuration ia ahown in Figure 3. Thia 

arenario repreaenta a control area 80 KM long and 72 KM wide in which 

the preponderance of air traffic flowa both forward and to the rear 

I 

with amaller componente of croaa traffic. 

In the operation of the aynthetic acenario a flight orlginatea 

at either one of the two termínala. Theae are fictltioua points be- 

cauae the flight profilea actually uaad are within the bounded area. 

Each of the three en route fix pointa ia aelected independently and at 

random from uniform diatributiona of five altitudea and ten width poai- 

tiona. The flight origination frequency ia a Polaaon diatributlon, and 

the flight denaity ia increased in successive time intervals ty reduc¬ 

ing the average time between originating flights. The series of three- 

dlmenaional flight profiles are then exercised on the ATREG flight simu¬ 

lator to determine the conflict-density relationship. 
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At the outset of this investigation into tho L^nflict-denslty 

relationship, it was generally believed the number of conflicts would 

be prooortional io the square of the flight density. This idea was 

based simply on the appearance of the squared te m in combinations 

taken two at a time. Analysis of the empirical data, however, shows 

the best correlation is obtained for a linear relationship. Wu are 

obliged, therefore, to believe the flight densities encountered in 

the scenarios and the site of the conflict cylinders tested are very 

small when compared with the total volume of airspace under surveillance. 

The conflict rate versus flight density is rhown in Figure 4, for several 

site conflict cylinders. The usefulness of these results is that conflict 

detection and resolution constitute the primary workload on the regula¬ 

tion system. 

Svateu Concepts 

With the performance requirements determined the next phase of the 

study was co consider how the performance was to be achieved. A conven¬ 

ient starting point was to subdivide ATARS into the four subsystems usu¬ 

ally defined for air traffic control systems. These comprise first, com¬ 

munications - ground-uir-ground and point to point; second, navigation and 

landing which Includes short range surveillance; third, the data subsystem 

encompassing data acquisition, processing and display; and finally the 

an route and terminal controllers. A comprehensive technology assessment 

was performed for each of these subsystems which can only be briefly men¬ 

tioned in passing. Comnrinicat'on alternatives considered upan the spec¬ 

trum from HF ground wave to UHF line-of-sight with a variety of relay 

techniques. For the navigation and landing subsystem the choices in¬ 

cluded doppler, inertial, and radio position such as DECCA and LORAN, as 
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wtll aa Unding »yatems baaed on both ground guidance and airborne 

Inatrument navigation let-down. For data acqulaltlon the alterna- 

tlvea Included beacon tranapondera, primary and lecondary radar, time 

aynchronoua ayatama and radio triangulation auch as Inverae LORAN. 

Both the controller aubayatem and the data proceaalng and dla- 

play aubayatem Involve the man-machine trade-off analyala. A fully 

manuel ayatem haa limltatlona In capacity and apeed of response, on 

the other hand, a fully automated system may not be justified or it 

may have too much complexity. The trade-off analysis being performed 

la to determine the desirable degree of automation. The choices are 

shown aa building blocks from the bottom up in Figure 5. 

In determining the underlying structure of ATARS we recognize 

that the regulation principles employed will determine the basic nature 

of the ayatem, and will have a strongly projected impact on the degree 

of success to be achieved. Certainly, safe and expeditious air traffic 

flow depends moat dramatically on ability to detect and resolve con¬ 

flicts with ample leeway. The pilots ability to do this dependa on 

visibility and air traffic. This ability diminishes, however, for lim¬ 

ited visibility or in heavy air traffic such aa in terminal areas. As 

a result, air traffic flow capability may be seen as a function of the 

constraints due to limited visibility or traffic congestion as illus¬ 

trated in Figure 6. The pilots choice depends on his ability to see 

and the absence of congestion. ATARS support is needed when the con¬ 

straints increase. Even under minimum conatraint conditions, ATARS can 

contribute tc safe and expeditious air traffic flow through coordination 

of airspace users, air defense, and restricted airspace. 
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Pr.viou.ly M ««id two of th# ATAM function. w«r. IFR «n rout, 

regulation and VFR flight following. Let', ««in. th... two function, 

in th. light of ATARS .upport v.r.u. the pilot', choice. Fror talking 

to .ou. pilot, it would ...a their altitud*, .bout IFR and VFR hev. 

taken on the euotion.l content of religion end politic. In clear 

weather, that fr.e-e.-e-bird feeling ...ocUted with VFR h.. becoue 

one of th. pilot', in.llen.bl. right.. Thl. .ttltud. 1. not entirely 

•urpri.ing in view of the re.triction. needed for IFR procedure. .. they 

exi.t today. What 1. really needed, we believe, l. .n entirely new ap¬ 

proach. With the advened technology eveilebl* to elr traffic regula¬ 

tion in th. tactical environuent, th. carry-over fro- pr...nt technique, 

of two clM.ee of flight, IFR and VFR, i. entirely uimececery. The q»«- 

tion of visibility end the pilot, choice to fly by in.tru-Mt. or vLuelly 

should be of only uinor concern to ATARS. 

ATMS ahould «• • panlMlw .y*'** *** th. 

pilot« and th« lla’.d c«nd«r «Ithoot ha^atrln»!«« tlwa. »mtmr aa 

airapaca '...r 1« «objaotad to a raatrlctloo It ahoold ba lapoaod by tba 

anvlromant or confllc. .1th othar »..ra, not b, AT««. FU,ht plan, tor 

aaa.pl«, vhll. daaltabla ahoold oot ha .awdatory. Tba l.loraatloo ««» ba 

provldad by .olea co—oolcatlon aftat taka-off If aaad ba. Hl«bt plaa 

elaaranca taka« oo tha a.t.ta of toforaa.loo to th. pilot .boot aafaty 

along hi. lataadad path, bo, th. dad.loo to fly or aot 1. .l»y -Itb 

th. comandar aod th. pilot, o.var .1th ATAM. «han ATAM .upport 1. 

raally oddad aoch a. for lo. olalblllty, - ea. troat th. good Judg-ot 

of tha pilot to accapt tha gold«««. At othar tlaaa, ATAM aaraa« aa «■ 

aatra pair of aya that a«« forth., than tha pilot eaa. Tbaa, tba tao 

fonction, aontlonad pra.loualy -ary lat. o«, at-ply « r«t. «ylatl«. 
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In ktaplng with th« concept of 111011110111 restraint on the pilot wt 

ere also obliged to discard the air lane or air corridor technique, in 

Its place we substitute the method of area control which means the pilot 

may fly in any direction he chooses. Level flight at defined altitude 

layers still appears desircble but this la not a serious restraint be¬ 

cause the pilot files at whatever altitude layer he chooses. The focus 

of concern is now collision avoidance. As Illustrated in Figure 7, the 

function of collision avoidance may be accomplished by airborne avionics, 

or by ground based control, or possibly by a combination of both. The 

final reo «wendet ion will be based on the effectiveness of each method. 

Simply stated, collision avoidance is accomplished by predicting con¬ 

flicts and resolving them with ample leeway. Wt.ether this is done on 

the ground or In the air, the principles involved are essentially the 

same. 

Au a basis for analysis of conflict prediction and resolution, con¬ 

sider the distance between two flights shown in Figure 8. Flight (A) is 

the protected flight located at the origin of the coordinates, while (B) 

is the intriding flight, and all motion in space is considered relative 

to (A). As (B) approaches (A) it passes through five regions defined as 

follows: 

(1) Density Prediction 

The distance between flights is too great to make 

meaningful conflict predictions. No action is required 

unless the density prediction is greater than the system 

can handle. 

(2) Conflict Prediction 

Proximity is such that meaningful conflict predictions 

can be mede. Projected and intended paths are examined 
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for approaching conflicts. Th« controller aay choose to 

act if the regression line Intersects the position uncer¬ 

tainty circle and successive projections do not show an 

improvement. 

(3) Conflict 

At this distance (B) is in conflict with (A). Suf¬ 

ficient time exists to determine and execute an avoidance 

maneuver, but separation is not safe for unexpected man¬ 

euvers. The controller or system must make both pilots 

aware of the conflict and provide the necessary guidance 

for an avoidance maneuver if the projected path intersects 

the position uncertainty circle. 

(4) HUh Risk 

Inside this boundary there m*y not be sufficient time 

to determine and execute an avoidance aianeuver. Hence, it 

may not be possible to assure the safety of the aircraft. 

If two flights get this close without prior detection, ATARS 

has failed statistically. Nevertheless, the controller will 

direct an emergency avoidance maneuver if the path violates 

the position uncertainty circle. 

(5) Position Uncertainty 

Inside this circle the controller cannot provide any 

guidance and the safety of the aircraft would depend upon 

local visibility if any, or airborne avionics. 

We recognise that the radius of the position uncertainty circle is the 

minimum separation distance that should not be violated. This distance is 

(r + 2e ) the radius of the flight formation plus -wies the position error. 
P 

To obtain the high risk radius we add (tr vc> the system response time 
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multiplied by the relative closing velocity between the two aircraft. 

Finally, che conflict radius Is v/T larger h.Ejd on the assumption 

that an area larger than twice the high-risk area can support two flights 

safely. In summary, the conflict radius Is obtained from the following 

expression: 

d - V/T (r + 2e + t v ) 
s p r c 

We are presently solving for the radius of conflict prediction based 

on the confidence limits for the predicted position. This Is illustra¬ 

ted In Figure 9, which Is a representative plot of the upper and lower 

limits for the predicted position of distance traveled as a function of 

time. Assuming the segment of the flight path is linear the projected 

path Is the regression line of several previous position reports. The 

prediction Interval of width (w) about the istlmated position will actu¬ 

ally Include the true position with reasonable confidence if: 

w - 2 t (K - 2) \/v (X - s) * 
P 

where tp is the value of the Student (t) distribution for (K-2) degrees 

of freedom such that P is the probability of the event equal to or greater 

than t. K Is the number of previous position reports serving as the basis 

A 
for the prediction, and the confidence Is 1-2P. V (x - s) Is the estim¬ 

ated value of the variance of the deviation between the observed positions 

(x) and the estimated positions (s). 

ATARS Performance Effectiveness 

The focus of this discussion is the method of measuring ATARS per¬ 

formance effectiveness for proposed system configurations. This Is being 

*K. A. Brownlee, ''Statistical Theory and Methodology in Science and Engin¬ 
eering." John Wiley & Sons, Inc. 
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dont by Mans of aCatlatical modela whlcn incorporate equivalent queue 

modela of the propoaed aya tema. The moat important of theae la the ateady- 

atatt model encompaaaing an route regulation illuatrated in Figure 10. 

Thla diagram repreaenta a buay-hour model baaed on the aaauraption of atat- 

latlcal equilibrium which meant time ia removed from the varlablea. In 

the uae of the model, the propoaed ATARS configuration la inaerted in terma 

of the equivalent queuing equatlona for the communication aubayatem data 

proceaalng, and the controller. 

Reaponae time la the total time in ayateir including aervice time and 

expected delay of a conflict from the inatant of the initial need for aer¬ 

vice until it la reaolved. We atart with an aaaumed reaponae time and cal¬ 

culate the conflict distance from the equation ahown previously in Figure 8. 

To proceed, the pointer on the variable flight denaity block ia set to any 

arbitrary value. From the conflict dlatance and the flight denaity we deter¬ 

mine the composite workload. This la based on the expected number of hand¬ 

overs, and che conflict rate versus flight denaity ahown previously in Fig¬ 

ure 4. 

Now the composite workload representa the total demand for aervice. 

This la Inaerted in the queuing equatlona to obtain a measured response 

tima which la compared with the original asitumed value. If the measured 

time is greater, we reduce the denaity, if smaller we increase the denaity 

until the measured time is equal to the assumed response time. Then pro¬ 

vided the numbers are practical, the flight denaity setting is the perform¬ 

ance effectiveness for the conflict distance shown. The process la now re¬ 

peated for a different assumed response time. In this way a curve is obtained 

for the proposed ATARS configuration that shows its performance effectlvenaas 

for en route reflation as a function of conflict distance. 
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In conclusion it should be noted that msny people have contributed 

to this ATARS study including Messrs: William Dobias and Gerson Scharf 

at CSI, Mr. Charles Grossman and Dr. Ervin Biser at U.S. Army ECOM, and 

the Project Engineers of both organ!aations. While not yet complete, 

the results of this study should prove to be a major step forward in 

Army airspace regulation. Certainly there are problems that remain to 

be solved but these can be made tractable. 

Fortunately the workload requirements on the system remain within 

reasonable bound, for anticipated flight denaitie. because the conflict 

rate Increases linearly with density. Even so we can anticipate a sig¬ 

nificant need for automation while keeping the controller in the loop. 

A program for modular implementation will provide the needed flexibility 

for different theater, of operation, permitting a choice of manual or auto- 

utlc ATARS. 

ATM furvAlllancA U pr.f.vr.é to th. «or. r.ttrlctiv. .lr corridor 

aathod «»1 .ifActlw»... «» I» “uh * *lnl,,”* of r,*tr,i0t 

oo th. pilot .«d (l.U co—nd.r. I. .ddltlo«, .o «■•»tlv •>«•* conc.pt 

ton b. Incorpor.t.d which .djn.t. .nt—tic.ll, for dlff.r.nt «l<«ltl.., 

or navigational accur.cl.a to Mlntaln unitor, .fflclanclaa and aaf.t, 

factors through all modes of operation. 
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A. WAR-GAME MALY SIS OF HELICOPTERS .IN A COUWTERIMSURGfflCY mi_M k-iLiJ: 

E.P. Kerlin 

This paper reports on the analysis of a counterinsurgency wa.' gane 
recently completed at the Research Analysis Corporation. The game was ue- 
veloped, played, and analyzed by RAC for the ARCSA II Study Group; (ARCSA 
meaning: Aircraft Requirements for the Combat Structure of the Army.) 

The principal objective of the study was to evaluate the effect of 
varying levels of Army aircraft on the capability of an infantry division 
to perform a counterinsurgency mission. The Blue mission was to include 
search and destroy, search and clear, and security-type missions In the 
division's area of operations. 

The war game, set In Vietnam in 1968, was played as a series of division 
level situations in which an Infantry division, although faced with the same 
type mission, was faced with differing threats. Three special situations 
were created as shown on this slide. (Figure 1) They were termed PLEIRO, 
KONTUM, and DARLAC. Each situation was played three times with a different 
level of Army aircraft available for each play. 

Because of limitations on time, each game was planned to simulate only 
five days of cosüiat operations. In order to generate a sufficient ntmiber 
of combat mission* to keep the division busy during that short period It 
was necessary for controllers to direct Red unit actions of various types 
that would logically evoke a response from the deployed US force. Had the 
games been completely "free" in the technical sense, that la had Red as 
well as Blue been permitted to plan all his own operations and tactics, it la 
conceivable that only a small fraction of the operations would have ensued. 

The number of aircraft shown here represent s logical mix of LOH and 
fixed wing aircraft for intelligence purposes, the UH-1D and CH-47 type 
aircraft for troop lift, logistics resupply and artillery airlift and the 
UH-1B and Cobra-type gunshipe for aerial firepower. Sufficient aircraft 
were assigned to account for the necessary administrative and command and 
control type functions. By agreement the use of Air Force troop carriers 
was not played In the gasws, although It Is recognised that for distances 
over 100 km, C-1J0 aircraft might be preferable to helicopter shuttles for 
moving slseabl« numbers of trcops and equipment. Also, at each level for 
each situation, SO tactical aircraft sorties per day were allocated to the 
division for doso air support. 

It was Intended that the games be designed to encompass a fairly wide 
range of variables so that the division's ground combat potential and its 
ability to deploy and support this potential by ground and/or by air naans, 
over Increasing distances, would be thoroughly exercised. 

The aviation support levels as gamed proved to have a significant effect 
on the overall operations of the Blue force. Each increase in the support 
level provided greater capabllltlaa to determine enemy locations, provided 
greater mobility for combat units and the associated artillery, sad provided 
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■ore effective helicopter firepower. 

The duration of coabat operations depicted in the games depended jn five 
aajor factors. 

1. The soeed of reaction to the intelligence collected. 
2. The m.aber and type of forces available for coonltment. 
3. The ability of units to maneuver on the battlefield. 
4. The amount of firepower brought to bear. 
5. The tactics employed. 

leeulta of the games indicate that Blue achieved considerable advantage 
under each of these areas as his airlift capability was Increased. 

For ezMple, as the level of available aircraft incrased. Blue was able 
to commit his forces faster, more decisively and at greater distances from 
the original base area. Thlr increased troop lift capability provided the 

for combat units to be more maneuverable on the battlefield. Blue 
forces could now get behind and on the flanks of Bed forces permitting Blue 
to better utilise his superior firepower. 

After led was located the tactics generally employed by Blue were to 
move forces into contact by the fastest means available, isolate Red by 
cutting off the escape routes which precluded led from grouping into larger 
umita, and then defeat him in detail. The use of these tactics was Instru¬ 
mental la reducing the length and Increasing the effectiveness of the operation. 

A good Illustrâtion of the length of operations can be given by showing 
(Figure 2) operations from the Kontum srea. Certain of the operations shown 
indicate that not only was it possible to end s given operstion in a shorter 
elapsed time, hut it was also possible to begin an operation at an earlier 
time at the nest aircraft level. 

We spoke of these operations, in addition to being much faster, as being 
more decisive. This nest slide (Figure 3) Indicates, for the Kontum area, how 
the effectiveness of the led force was degraded in each game as the aircraft 
support increased. 

As a result of the Increased mobility for maneuver units and artillery, 
plua the effective application of aerial firepower, the Bad to Blue casualty 
ratio ahornad a favorable increase with increased aircraft support. However, 
aa notad on this nest slide (Figure 4) the ratio did not vary uniformly in 
all games. This variation 1* attributable mainly to the differences in 
tactical operations which were conducted and the degree of application of 
the saastamant rules by the three control groupa. Thaae differences in 
application ware permissible within the scope of the rules and are considered 
a logical outcome of gamas played by three different groups. 

Throughout the analysis, attempts were made to compare the division's 
improved perfonmnee with the potential provided by the higher number of 
available aircraft. The objective was to find chat the level of aircraft 
beyond which the increase ia performance was smaller than the increase in 
potential. The next slide (Figure 5) shows the percentage of troop and 
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artillery coBBit«ant and the percentage utilisation of lift aircraft at each 

level. Although the coonitaent of conbat elements tenda to increase for 

each level of aircraft, the percentage utilization of UH-1D troop lift 

aircraft tende to decline beyond level 2. This decline however, aey be 
attributable in whole or in part to factors other than a decrease in aircraft 

efficiency. All that can be said is that aircraft efficiency in the troop 

lift role does not increase beyond this point. 

When we consider the percentage coaaltaent of artillery units we note 

that maximum commitment occurs at level 3 aircraft. Likewise the percentage 

of maximum utilization for the CH-47 lift aircraft also occurs at this air¬ 
craft level. 

If, based on other considerations such as cost and organizational control, 

it was decided that the division should go with the level 2 organization 
for aircraft, then one could infer from this second curve that more CH-47 type 

aircraft are needed to attain maxisHim utilization of the artillery units 

Involved. 

Thus far we have discusaed overall game resulta and seen how increased 

mobility when applied to troop maneuver gave increased combat effectiveness. 

There are other areas such as intelligence, firepower, and logistics which 

were also studied in some depth. 

As the strength of reconnaissance and surveillance aircraft increased 

the following resulte became evident. 

The Pleiku area proved to b* too small and in ths five gams days allomad, 

the Darlac area was too larga to gain significant msasmrsmsnt of ths sffsctlve- 

ness of various lavais of intelllgsncs aircraft. Only in the Koatw area 
where available equipment permitted an average of 80 percent of the area to 

be kept under aurveillance did the results appear meaningful. 

Detectlona of the enemy combat elements also varied widely throughout 

the games. The nine Red maneuver battalions present in ths Pleiku area 
were all detected by the third day of each game. In Ronturn, 15 battalions 

were detected by the end of the first gams, whereas all 21 battalions were 
detected by Day 5 in the second gams, and by Day 3 in the third gams. The 
Darlac area only had a —»i»1» of 20 battalions detectad from the 39 actually 

present. 

The fire support procedures employed during the games were patterned 

after thoec uaed by US division in Vietnam. Troop lifts, aerial resupply 
alssions, and ground movement operations wars normally escorted by armad 

helicopters. Preparation fires were usually dslivsrsd in landing zona areas 
by tactical aircraft, tube artillery, and the aerial rocket artillery in 
that order. Suppressive fires wars then delivered by the escorting weapons 

helicopters immediately before the lift helicopters landed. The aerial 
rocket artillery which are heavily armed gunshlps proved to be an effective 
weapon when employed in roles of landing zone suppression end follow-on 

support of ths ground operations. 
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Th* brevity of game play and the limited extent to which logistics was 
played prevented a detailed analysis of logistics support requirements. For 
exaaple, the mexlmum resupply tonnage delivered by air in any one day was 
approximately 300 tons. In contrast to this amount, the total resupply 
tonnage requirement* of this division at the level 3 aircraft is about 800 
tens per day. Thu* the retail delivery of supplies as gamed represented 
only a small portion of total division needs. However, these results should 
be viewed within the context of the additional support which was assumed 
to be furnished by US Air Force aircraft and by other means. The need for 
Army aircraft for logistical support as gamed is related directly to the 
maneuver capability of a unit and the extent to which this capability was 
employed. 

In sumary I will state some of the general findings of the study. 

In the Pleiku area, the small site involved permitted free use of both 
ground and air vehicles so that the subsequent impact of aircraft was not 
as pronounced as elsewhere. It was true, however, that in the final game, 
the division combat potential was so fully exploited that the game play 
was essentially over in three days. 

The Kontum game displayed most strikingly the importance of adequate 
reconnaissance and maneuver capability. At the lower aircraft levels, the 
Blue force had a substantial but not decisive capability. However, in the 
final game the Increased lift capability permitted a change in Blue tactics 
which rasultad in a decisive defeat of Red. 

Th* principal finding from the Darlac area was that the size of the 
area and the threat so taxed the capabilities of the division's maneuver 
alammnts that the increased level of aircraft had a much lass significant 
effect on degrading the effectiveness of the Red force. 
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ARMY STRATEGIC MOBILITY 
PLANNING AND ANALYSIS PROBLEMS 

CP? Gerald G. Wlflz 
Office of the Assistant Vice Chief of Staff, U.S. Army 

Force Planning Analysis Directorate 

GENERAL 

(U) The present policy of the United States is to have a 
certain degree of strategic mobility, namely, strategic airlift, 
strategic sealift and prepositioning of materiel to meet world¬ 
wide contingencies. Our general strategic objectives are, first, 
to deter aggression, and second, to the extent that we cannot 
deter it completely, to limit it in form, locale and duration. 
The capability for early and rapid response by substantial forces 
■orvea both objectives. Studies by the Joint Chiefs of Staff and 
the Services have consistently concluded that such a capability 
could lead to avoidance of conflict or, in the event of conflict 
would lead in moat of the situations examined to shorter wars, 
smaller total U.S. force commitment, fewer casualties to American 
and Allied soldiers, and less destruction to the threatened 
country and its inhabitants. 

(U) What options are available to accomplish this mission 
of early and rapid response? We have a choice of a combination 
of transport systems and degrees of peacetime basing of combat 
units with their associated equipment ant support. Considering 
the whole spectrum of possibilities, hypothetically, all our 
forces may be located overseas or they may all be retained in 
OONUS to be deployed when necessary. Or, morf realistically a 
combination approach with some forces overseas and a strategic 
reserve In the United St. tes with a capability to deploy rapidly 
may be followed. Materiel may be prepositioned overseas for 
marry-up with unlta stationed in CONUS upon their arrival in the 
theater of operations, or it may be moved in with the troops. 
Choices of the transport system must be made between quantities 
of air, sea, and ground capability and appropriate mixes within 
the type. 

(U) The present and prograaseed improvement in U.S. airlift 
will significantly influence the r*pld deployment posture of the 
Any. The major resources becoming available in the near future 
will be the heavy lift aircraft (C-5A) and hopefully fast deploy¬ 
ment logistic (FDL) ships. In view of the recent Congressional 
testimony on the FDL program, It la apparent that further efforts 
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are required to sell Congress on the progrès. From past and current 
studies, it is clear to the Army that the concept and acquisition of 
a fast surface logistic transport for the 1970-1980 period is re¬ 
quired if the Army is to maintain a balanced and flexible reaponae 
to support future contingencies. These new resources raise the 
question of what quantities should be procured and bow can this 
improved mobility potential be effectively utilized by the Army. 

OPTPVM LIFT-MP 

(U) This improved capability requires detailed study to deter¬ 
mine the optimum mix of C-5A aircraft, ships, and prepositioning of 
materiel to meet the U.S. Army strategic deployment and resupply 
requirements to support the rapid strategic deployment strategy as 
postulated by the Army plai lera. The problem is to develop an 
optimum strategic lift-mix for various contingencies in the 1970-1980 
time frame. The strategic lift resource requirements in the optimum 
lift-mix would then be utilized by the Army planners in developing 
future strategies and capabilities and would provide Army require¬ 
ments data to the Office of the Secretary of Defense for future 
budget decisions. 

(U) The optimum lift-mix must be balanced in terms of types 
of resources so as to complete deployments in various parts of the 
world. A lift-mix system would not be effective if it waa designed 
to accommodate only regional contingencies. The design of a trans¬ 
portation system to cope with single regional contingencies or to 
meet the requlremants of the moat demanding contingency in terms of 
speed of response could be accomplished but at the risk of an 
unbalanced and inflexible system. Such a system would not be 
adequately capable of responding to multiple conditional contingencies 
in various parts of the world. The Army planners are concerned with 
achieving a flexible system which could respond to a contingency in 
area A plus a contingency in area B or area C or area D. These 
contingencies could represent diverse missions of reinforcement or 
the fighting of a major non-nuclear war or the fighting of a minor 
war. For example, the Army may be required to reinforce araa A, 
support a major non-nucleer wnr in area B or C or D and support a 
minor contingency in area B. 

(U) The next step for the Army planner would be to develop 
detailed scenarios for the future poatulated conflict areas. Har 
ganiu» and/or simulation programa would now be uaed to develop a 
time phased deployment profile for the major tactical forces, sup¬ 
porting elements, and supplies required to achieve the Army's 
combat mission. 

(U) Upon the determination of a deployment profile in tema 
of number and type of division force equivalents, the men and 
materiel in these divisions oujt be converted into commodities for 
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Th« conversion usually Is asd« into short tons, «nd «quip- 
nt outii*« to specific transportation resources, that equiptnen 

Síh l»t fit into a specific carrier, «..t be detensined. The 
.Dd ch.t.ct.rutlc. of th. v.rlou. co^otto, »d.. of 

transportation mist also be ascertained. 

nn We now arrive st a difficult and complex analysis problem 
« WMna the least cost combimtion of transportation assets 

nibble thÎ Ar^ to meet its specific deployment profiles, 
fwïld-ild. tr.oBport.tlon ootoork «..t b. .d.,».t.l, ^ 
. ten» of r.iolution *hlch »111 provld. te.nlnifol ^ ‘ 
* ^ inf.Äiible to accomplish without the use of a computer 
^1^. ^.10.1 t.cholque«, . l.«t CO., tr.o.port.t loo 
»»L te d.«lop.d to ...l.fj th. dray’* .l»!..»«» ‘“P1°y~nt 
system mus -Pleast cost combination of transportation 

roir/r.-tet.-u.d 

i» »1- th. 0.,.0.1.. of -.1.1.1.. 
rh-TloitfUr-te —t.rl.1 through th. tr.teporUtloo «fork .od 

the affective use of a given set of resources. 

(U) How, if we consider a strategic «ability system as a 

m«r«^centered^n0th«°arc•*of "T™“ ' 
There srs further problem areas ° The^etails of these 

-•:«. ^^rir,*» it h rut*« th^r. r*.. «.1, 
nodes as mall as the interreiacro«. p potential of the 
raapactlve arcs must also t yb. realised K complete description 
«J« d. liter, •IJt«. “ «« “-» -^r-tfoo of th. tot.l utÄittu s :-:::: ■" 
UtritU". "«.UU“ -o*. -U l-rote-nt of OOiUS .nd Intr.- 

theater constraints. 

(fflnis COMSTHAIHIS 

in', Let us now turn to a consideration of some of the COHUS 

varyiñg'Íaveí*'*^ «^n^lertai^tat. 

Ä“:;.^t«ÄiÄU 

the following taska must be accompliehad: 

1. Take action to obtain fill«’-* and complete training. 

2. Inspect, inventory, and repair equipment to accompany 

the troopa. 

3 Identify un.ervicetble individual and organisational 
equipment and requiaition replacement equipment to accompany troop . 
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To acconpllih the itaging function the following tasks suit be 

performed : 

1. Personnel processing end receipt of fillers. 

2. Receipt of supplies. 

3. Inventory and turn-in of non-deploying supplies. 

4. Installation clearance. 

5. Packing and marking equipment. 

6. Out loading deploying equipment and personnel. 

a. Transit times to port. 

b. Loading at home bases and ports. 

(Ü) The functions of attaining a deployment posture and 

staging do Introduce time delays in the strategic mobility system. 

These delays are eventually reflected In the delayed arrival of 

troops at a theater. Some of these delays may be capable of 

reduction through investment of funds and scheduling techniques. 

Other delays would be too costly to reduce and must be considered 

as inherent to the system. System trade-offs should be obtained 

between the CONUS systems and the availability and scheduling of 

inter-theater transport. 

INTRA-THEATER CONSTRAINTS 

(U) Turning to intra-theater constraints,*-?!« system delays 

due to the marry-up process should also be considered. The delays 

incurred in this process derive from the following tasks: 

1. Transit requirements ahd times from airflelds/poita 

to prepositioning sites (for equipment already prepositioned). 

2. Activation of stored equipment to include required 

servicing and repairs. 

3. Issue of the equipsmnt. 

4. Shakedown of equipment and orientation of troops. 

5. Movenwnt from equipment si*-'* to area of cramalfmant. 

The throughput capacities of ports and airfields must 

also be considered as part of the delays in the marry-up process. 
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(U) Th« «hâktdown tasks will consist of actlvltlas such ss: 

drawing and Issuing of suthorlssd l.vsls of suppliss, 
and tasting, and Inspection of equipment. Again, through th« invast- 

■snt of funda and usa of such techniques as controlled humidity stor¬ 
age altas the time delays In the aarry-up process could be reduced. 

System trad«*offe should also be considered here between the marry- 

up procaas, LOC constraints and throughput constraints on ports 

and airfields. 

fTfATtCIC MOBILITY STSltH 

(U) Th« probleu of strategic mobility described In the 

preceding paragraphs may be viewed as s sequential 
decision proceas. The strategic mobility system consists of a 

number of specified activities which are sequential in time. 

Decisions are made for each activity and the system effectiveness 

dependa on the various decisions made over time. 

A diagram of a swlti-stage process would be as follows: 

(U) The input to a stage is characterised by a vector X 

(state vector) which provides all the relevant Irfor-tion about 

the input to the stage. The decision is characterised by the 

vector D,, which specifies the operating conditions «or “• 

The outpSt 1. given by a vector Tn (Y - *n-l> whUth Tôí 1 .taw 
tho relevant information about the output, the output of a stage 

U a îuüïïon of th. input to that stage, the decision or operating 
condition, and uncontrollable conditions at that stage. Rn is a 
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•calar «htch r.pc.nt. ch< .ug. r.tur» 

Matures the effsctivenes» of the Stege. The return lo • • 
it e function of the Input, decision, end stochest 1c verlebles^f 

thet pertlcular stage. The objective Is to -axliaUe the returns 

over ell Steges and all decisions. 

, (U) It should be noted that the decisions »ade at ««h stage 

are Interdependent, for the input to a stage depends 
■nade in the latter stages. Given the functions ^«rlbed ehoje, 

the objective is to optlaUe sone separable function of th g 

returns, namely 

max 1R° 

(Xn.Dn) 

(U) The strategic mobility system could be describedin 

terms of the mathematical framework just developed. The stages 

in the process could represent the various activities as the 

following: 

1. Attainment of a deployment posture. 

2. Staging. 

3. COITOS movement. 

V Loading at home bases and ports. 

5. Intar-theater movement 

6. Unloading at theater ports and airfields. 

7. Marry-up functions. 

8. Movement to the FERA. 

(U> Th. input vector <X„) to e.ch .t.ge »ould ton.l.totth. 
number of p.r.oLl .nd ,u.ntlty of .qulp-.nt p...l«g through th. 
uvstem .t given lnt.rv.l. of tl«e. for e«.«pl., *t I>*5 ^.p.clflc 

unit mey hSv. .tt.lned . deployment po.ture, -y h.ve c«pl««d t. 

•t.glng function .nd m.y be .v.U.ble for tren.lt to P«« or .Irflel . 

Th, d«l.lon (Dn) et e.ch .t.ge would r.pre.ent 

Inveeted In . p.rticul.r .t.ge or .ctlvlty, for 

•mount of Investment c.rt.ln port. m.y be Improwd or 
colloc.ted with the port, ao .. to reduce the tren.lt tin. In COTOS. 

Th. output (Tn) from . .t.ge would r.pr...nt th. 'J0* ““ 
materiel at given time intervals upon completion of sine activity. 
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The output of the inter-theater tranaportation stage could represent 
the flow of teen and «atarle! to a theater, given the investment of 
funds in a certain level of tranaportation resources and given the 
time phased availability of men and materiel to utilize these resources. 
The flow of men and materiel from the ports and airfields of debarkation 
to the theater LOC would depend on the Investment of funds in off¬ 
loading capabilities and the arrival of tne inter-theater transports. 
The return (Ru) for each stage or activity would be the cost incurred 
at that stage. Cost may consist of an Investment of funds or a 
degradation in the flow of men and materiel at a stage due to lack of 
sufficient funding for a specific activity. The objective would be 
to find a decision rule which determines what to invest at any given 
stage to minimize expected costs in the long run. 

(U) Moreover, since the theater conmandet has as his objective 
function, a specific profile of delivery of men and materiel over 
time, an optimal decision process may regard this profile as a 
constraint on the system which must be satisfied, or an optimal 
decision may minimize costs and the expected deviation between the 
theater commander's profile and the actual profile. 

(U) By considering the strategic mobility system as an 
interrelated process and by obtaining decisions which optimize the 
system, it would be possible to arrive at a balance between the 
inter-theater and intra-theater aspects of the process. The intra¬ 
theater transportation system affects and is affected by the inter¬ 
theater system. The preferred inter-theater system might be one 
which contained a large number of planes and very little sealift. 
This in turn would lead to an intra-theater system designed to 
handle many aircraft able to operate close to the combat zone, 
whereas if the inter-theater system wss heavy in sealift it would 
be necessary to provide support and maintain LOC's from the ports 
to the combat opei*.tions occurring Inland. 

ROLE OF MODELS 

(U) The magnitude and complexity of the major systems 
associated with the inter-theater, intra-theater,and CONUS processes 
and consideration of the realistic constraints contained therein, 
almost eliminate the possibility of using a single model to arrive 
at meaningful solutions to the problems posed by a strategic mobility 
system. An approach would be to develop sub-models to study each 
major system. These sub-models should ba cast in a single system 
environment, with appropriate routines to allow for as much 
compatibility as possible and as a minimum that all these models 
operate off the same data base. The use and analysis of these models 
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should reflect the nulti-stege procese of the streteglc nobility 
system sad deal with such factors sí origins in OOIIUS, unit 
readiness dates, speed of deployment, port, and airfield throughput 
capacities and other activities in the system. The relevant role 
of various sub-models in the strategic mobility process could then 
be addressed by extensive operational experience with these models. 

CONCLUSION 

(U) In conclusion the following points may be made: 

1. In planning to meet its consnltments In the 1970*1980 
time frame, the Arjy Is planning and participating with the Defense 
community in developing t balanced inter-theater, CONUS, and intra* 
theater transportation program, consisting of transportation resources 
and various levels of preposltlonlng. 

2. The capabilities of the current end planned transportation 
resources are oeing continually analysed by the Army to Insure that 
the goals of rapid and flexible response can be achieved. 

3. The strategic mobility system is properly viewed es a 
dynamic interrelated multi-stage process the optimisation of which 
consists in making valid Investment decisions on the OOIIUS, inter- 
theater and intra-theater aspects of the system. 



Colonel Allen P. Blade 
Army Research Office-Durham 
Seasion IV-B 
'What Are You Doing?" 

Ab a result of a symposium held here several years ago, it was recommended 
and approved by the Director of Army Research that we undertake the preparation 
of an Operations Research text. The idea at that time was to develop a text 
which would have general application in the Army, but be particularly useful 
to the service academies in their advanced courses and to the military service 
schools. A Project Advisory Group was appointed which included representatives 
from the Institute for Advanced Studies at Carlisle Barracks, Pennsylvania, the 
Military Academies, Post Graduate service schools, Combat Developments Command, 
CONARC, and scientists of some major commands. One of the principal colleagues 
of the symposium at that time, Dr. Herbert Galliher, prepared the first draft. 
It had as its original goal to Illustrate the mathematical techniques of quanti¬ 
tative analysis, to foster an appreciation of recently established studies and 
use of technical terminology within the area, and to develop the reader s 
intuitive capability to recognise and exploit applications of Operations 

Research in the Army. 

As a result of difficulty the author experienced in acquiring specific 
information, together with the remarks and advice of the Project Advisory Group, 
the project became modi led somewhat to the way it stands today. I would like 
to read to you some of the chapter headings. Those of you who have not seen 
the t»'xt may recognixe the type of approach, and may wish to ask us questions 
about the content a liwtle bit later. The chapter headings in this draft are: 
Operational Uses of Vectors, Matrices, Graphs, and Networks, Military Uses of 
Probability, Poisson and Related Random Processes, Markov, State and Renewal 
Processes, Activity: Forms, Patterns, Structures, Constrained Optimization, 
Progranming Linear Activity, the Simplest Military Games, Systems, Stochastic 
Service Systems, Sy*cem Reliability, Supply Systems, and Combat. The title of 
the volume is Mathematics of Military actions in Operations Systems. This is a 
second draft which has been distributed for review and reflects the comments on 
the first draft, which was distributed only to individuals on the Project Advisory 
Group. We realize that a text of this sort cannot satisfy everybody. Some say 
it is still pitched at too high a level, and lacks detail and examples. That 
criticism of some time ago is less emphasized in current review comment, when 
it is recognized that the text cannot do more than serve as a basis or reference 
for many specialized service uses, such as student needs at the various CONARC 

branch schools. 

Presently, we are seeking comenta from all of you to provide examples for 
us so that we can come up with a publication that is all it should be, i.e., a 
mathematical military guide for use of Operations Research. Some of the local 
members cn. Project Group, in addition to myself, are here to answer questions. 
COL Entwhistle acts as prime contractor to ARO-D. Dr. Marion Bryson Professor 
of Statistics, provides technical help in editing. Dr. George Nicholson, Chair¬ 
man of Statistics at the University of North Carolina, also helps us on content 

decisions. 

In looking over the list of attendees at this meeting, it appears that a 
number of you, who have not been solicited for comments, should have copie® 
the draft for review. If you will ask or write to us here at ARO-D we will be 
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pleased to provide copies for review. In turn, we will appreciate your conents 
as soon as possible in order that we can seek publication for aore general distri¬ 
bution within the ailitary by September of this year. 

I might take a moment here to read one review. This review, which we have 
received from the Advanced Studies Institute, we think pretty well expresses whet 
the purpose of this text should be, i.e., 

"1. The text is a useful reference work for the reader who is extreaely 
well versed in the fields of mathematical statistics, decision theory, 
systems reliability and effectiveness, determination of optiaud strate¬ 
gies, probability, and operations research. 

2. The subject matter of the text is quite coaiprehenaive and appears 
to include the vast majority of problems or types of problems that 
the Army has. 

3. A good technical terminology haa been developed and good definitions 
are given for many of the terms within the text. 

A. The references cited in the volume are reasonably current and 
unnecessary depth is avoided in the large number o? techniques displayed. 

5. For the technical and mathematical user the text is well suited as 
s handbook where there is no doubt about the applicability of the theory. 
It also, generally, serves well as a guide for the development of 
solutions where practical need arises. 

6. Though not designed specifically for the non-technical, non-mathe- 
matical user, the text provides many well written sections that readily 
serve as explanations of aome of the problems of the non-technical 
military user. 

7. The text does provide methods and references to methods for most 
standard problems and, therefore, provides a jumping off point for 
unsolved or similar problems. However, since many of the presentations 
are quite abstract, the non-technical military user will be lost and 
even the more senior technical people would need to go to the references 
for more information if they had not used the technique before. The 
text in its present form seems beat suited for a somewhat select, 
specialized user." 

Do we have reactions from the service schools on the value of the textf Yea. 
Frankly, that is probably the most difficult remaining problem In connection with 
the purpose of the text, i.e., its use by all schools in the Army. It will pro¬ 
vide some instruction on Operations Research, but it is quite basic. This poses 
a very difficult problem to people like CONARC, who have some 26 schools and need 
student texts. Fine officers go to the schools, but often they don't possess 
what ia generally considered to be two years of college mathsawtics required to 
use the text. We do feel that we can accomplish the designed purpose for the 
Army if we can Incorporate examples and recommendations from people like your¬ 
selves. However, we do have a better report on progress of the project at this 
time than we did for your symposium last year. As time progresses, we think the 
total objectives of the OR text are seriously hampered because we've lost so much 
time. We need all the help we can get. So again, those of you who do not have 
coplea of the draft text and are willing to assist with constructive comments, 
please ask us at ARO-D for copies to review. We will appreciate your in-put. 
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Hr. Cecil D. Johnson 
US Amy Beheviorsl Science Research Laboratory 
Station IV-B 
"What Are You Doing?" 

Tht Behavioral Science Research Laboratory has a number of tasks in 
the area of Operations Research. However, I am Just going to mention a 
couple that straddle human factors and OR and then center on a partícula 
research project that is definitely in the Operations Research area. 

To begin with, our laboratory has a CDC 3200 computer with 32K memory 
with discs, md has a battlefield eurveiHence research laboratory 
.., .. romnutar svstem. It has random access slide projectors, CRT s, 

■pedal consoles, etc. The research accomplished in the on-line surveillance 
research laboratory is a mixture of OR and human factors research. 

F»r thm ramainder of my time 1 a« going to talk about our Operations 
Research mission in the statistics division of BESRL. (Vugraph f1) Our 
anoroach to the Optimisation Models Task is to first analyse particular 
narsonnel sub-systems. We focus on a particular function in an area where 
management has asked us to minimise or optimise some particular outcome 
SÎTcÏs. ouTSjediv. function - it may be the number that ha. to be 
reassigned or it may be predicted performance on the Job. At any rate, we 
focus our attention on ode particular point in the total system. We 
formulate the problem and develop algorithms, then place these computer, 

. th... iL -th», .t «il b..i. 
the future, the SIMPO type model which I m going to talk about as the ma 

part of this discussion. 

I will mention later a number of personnel functional categories in 
which our laboratory and DCSPER ara particularly inters'ted. (lugraph #2) 
Ï Sellât fîi yêSs“- ».vs developed a number of simular*« model, of 

1" which W. h.w .tudl.d. .Inwltt.d, nd «v.lu.t.d p.r.mn.1 

P.U.I.. wlttl. oo.- ot two .( th... p.t.Mp.1 (uMtlcp.i «tcct wiih th» 
chat the model should show the Interactl«. or trade-offs either 

i““' ‘.“cío.. «1, tw. .r thr.. .( th... fcctlo.. wh.n . p.r.«»i.l p.Uc» 
U cÍLmC tÍI chM.. h.™ p.rtlc*ti.tly l*.ct ™ 
fiBctims but in general there are certain kinds of trade-offs with respect 

írSí^it ÏÏ SLT The exility of studying these •“'“'A™" 
of these functions is s str«gly felt need in both 0P0 and DCSPER. 

Our laboratory has developed a number of more specific models in response 
,. und« i.cMt-ry'. 0((lc hCSPOB, th. Pro«.«. » 

Office of the Office of Personnel Operations, and the Chief of 
These models could be strung together in s rather crude 
va look et the ambitious desires of the customer, we feel «J** 
trying to string together the various specific models, we should first 
coexists personnel policies and operstl«. c«cepi analysis. 

The first four sub-tasks of SIMPO (Vugraph #3) will essentially bt 
developed simultaneouslyt we will work « all of these at the same time. 
wTiiU have MdS a special kind of operational an.ly.i. of th. personnel 
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•ub-iyattn - with •paclai orientation for the kind of Bodaling we intend 
to do. We auet catalog and do a certain aaount of re-working with axleting 
node la in order to aaka them compatible - for incluaioo in a library. We 
must talk further with nanaganent in order, to develop the concepta we naedf 
in order to lead to appropriate naaaurea of eyataa effectlveneea. We auet 
then proceed to develop our modela and go through our dealgn and coaputer 
programming phaaaa, then evaluation of the alaulatlon modela, and finally 
the development of a problem-oriented language for management. 

Tomorrow, Dr, Sorenaon will be preaenting a paper on a generalised 
model here at Durham. Thia model haa quite a bit of capability for 
simulating selection, allocation, and assignment policies in procurement 
and distribution functional systems. 

A couple of years ago at one of these conferences, Dr. Sorenson 
presented a paper on a flow model which determined the feasibility of 
certain policies in regard to rotation policies, e.g., with regard to 
determining whether a particular rotation base would sustain the manpower 
requirements, say, in Vietnam. This has been converted into a dynamic 
model with considerable capacity which will permit us to designate four 
major kinds of tour categories and as many as 30 or 40 different kinds of 
tours. The connection between these tours can be indicated at the time 
of execution. We then project this through time to determine the effects 
of the particular policies being modeled - whether the policy set is 
feasible, and what the effect is on other system variables. Both of these 
approaches, the one reported previously and the one being reported tomorrow, 
will be used in SIMPO. 

The concept of SIMPO l am about to present in a flow chart form is 
still very tentative; the final product may look very much different. 
What I will show in the next three Vugraphs is essentially a vertical 
slice - beginning with a computer generated sample from an input population. 
(Vugraph #4) The first chart shows the procurement end allocation functions. 

Frcm a training model (Vugraph #5) we can depict training policies 
and effects with respect to the quality of personnel that are going to 
result from training policies. We can also depict on-the-job training. We 
will have a distribution model that will show world wide requirements, 
then the program providing the sequential continuity will be able to go 
into a rotation-promotion model which will be essentially like the dynamic 
flow model that I mentioned before (Vugraph #6). We have in presently 
existing versions of this latter model provision for stochastic kinds of 
Inputs and outputs to show things like casualty rates in Vietnam. 

The user of SIMPO will generally be concerned with certain policies 
for which many of the modules are not critical, and thus we will want to 
be able to by-pass certain parts of the model at our discretion 
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Xa th« dtYsloparat of SIMPO durlnt tho aost two yoars, wo will bo 
fjyAMiHag oporotloaol aaolytl«« doalgnlng aodola» taatlag of aodtla for 
MMltlwity and fldollty, and aiding la tho l*>lo»antatloo of tha ayataa 
aa • aatagOMat tool (writing nanu« I a for both aaaagaaant and tha ADP 
cantora that prowlda confutar aupport to managaaont). « 
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Major Herbert C. Puscheck 
bnited States Military Academy 
Session IV-B 
"What Are You Doing?" 

I. INTRODUCTION: 

Operations Research and Systems Analysis have as many definitions as there 
are analysts. For our purposes during the next fifteen minutes, we shall mean that 
electic, pragmatic approach normally called "The Scientific Method." Specifically, 
we mean this quantitative approach as it is applied to onerational problems. I 
shall take no notice of any difference between Operations Research and Systems 
Analysis. Any difference would be more apparent than real and quite unimportant 
when applied to undergraduate education. 

All of you are, directly or indirectly, associated with military Operations 
Research, for the military is still the biggest user of OF. skills. It is self- 
evident, I believe, that Operations Research at the Military Academy will eventually 
and inevitably affect the men in uniform with whom you work. 

I shall dMcuss OR/SA at the US Military Academy today. First we will 
place this instruction in proper perspective and then take a quick look at typical 
problems which are discussed in Operations Research oriented courses. Certainly 
we will break no new ground - no great advances - in this area. 

II. PERSPECTIVE: 

The United States Military Academy is an undergraduate institution now 
finishing its 165th year. Educational prcgrai i are broad in order to support 
the Academy In its mission of developing those qualities and attributes essential 
for each graduate to continue his career development in the US Army. Each cadet 
t.-.kes a minimum total of 158 credit hours, of which 10 credit hours, or four 
courses, are electives. Cadets may restrict their electives to an area of inter«« t. 
There is no majors program, however. In 1961-1962, following the recommendation of 
leading educators, the Dean of the Academic Board ordered a study to determine the 
extent to which Operations Research should be added to the curriculum. Incidentally, 
General Westmoreland was then superindendent of the Military Academy, and took an 
active Interest in this new subject area. Slide 1 shows electives currently 
taught which have an Operations Research slant. My own bias Is for the two courses 
(Management Engineering and Operations Research ith which I am associated. These 
are the courses which focus on quantitative approaches - more pragmatic than rigorous, 
concentrating on useable methods. The courses are quite popular, as you can see. 
More on this in a moment. The mathematics with which all cadets are equipped during 
their first two years, a minimum of 23 credit hours, is sumnarired in Slide 2. , 

1 might add that in addition to cadet courses, a one night per week semester 
course on "Systems Analysis and Computer Assisted Decision haulng" is available 
for interested personnel - both military and civilian. 

III. SCOPE OF COVERAGE: 

It is our purpose In OR to instill a grasp, understanding, and appreciation 
for the philosophy of Operations Research: to quantify those aspects of a problem 
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which can be quantified; to take maximum advantage of experience and data. In 
this we are net alone. We are unique, however, in our desire to illustrate 
various concepts with military examples. To date, it has been difficult to 
develop adequate military examples which are simple enough to handle in a class¬ 
room, yet somewhat realistic. I should emphasize one point: we do not attempt 
to develop OR analysts. However, we feel we do bring science to the battlefield. 

In addition to classroom lectures, the cadets work with the 3 GE 223 
computers and 15 remote terminals scattered around the Academy. They work on 
individual and group projects in Management Engineering, present short discussions 
of selected articles in Operations Research, study and critique a Systems Analysis 
study in Defense Economics, and hear a number of noted lecturers. The past few 
months have seen Dr. Martin Brossman of RAC lecture on "Wargaming;" LTC Robert 
Gard, Special Assistant to the Secretary of Defense, discuss "Decision Making in 
tho Department of Defense;" Major Carl Hess, OCRD, lecture on a particular 
problem, the problem of target coverage with multiple volleys; and Dr. Laurence 
Lynn, the Director of Strategic Mobility and Transportation Division, Office of 
the Assistant Secretary of Defense (Systems Analysis), lead a televised panel 
discussion of Systems Analysis in the Department of Defense. 

With this brief background, let us look at a few of the problems which 
are attacked by cadets in their various OR oriented elective courses. 

IV. SPECIFIC PROBLEMS : 

A. Jacket Problem: (1 Slide) 

This rather simple example presents the problem of how to allocate 
excess inventories to optimize a criterion function. Needless to say, a first 
guess is almost always to ise the mean as a basis of distribution. A hand 
approach using simulation illustrates one method of solution. This approach 
is then expanded to include computer simulation and more complex problems. 
You may enjoy toying with a pure analytical solution to this problem. 

B. Optimization Search: (2 Slides) 

An engineering design problem is presented by the Department of Civil 
Engineering. This slide shows an example developed and used last year by COL 
C.H. Schilling, the head of the Department. The sketch shows an area within 
which one must locate a rocket site. The cadet must select values for three 
variables, X, Y, and Z which correspond to the X and Y coordinates and the ele¬ 
vation of the rocket pad. The measure of effectiveness is dollar cost. The 
coats naturally vary with the terrain since different drainage requirements 
must be met. The elevation affects cost of concrete which Increases with 
increasing Z and with drainage for which the cost decreases with increasing 
Z. The problem was approached gradually. Firat the cadets picked X and Y 
and tried by hand to find an acceptable Z. Later the computer provided the 
value of optimum Z and the saving in cost. Finally a computer program was 
used to find the optimum X, Y, and Z using the gradient-search technique. 
This slide shows the isocost curves, which were plotted by the computer, 
superimposed upon the layout sketch. 

C. Base Stockage Froblam: (1 Slide) 

Our Operations Research Course (OE 487) uses the publications shown on 
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D. Linear Pro^raniiilng: A Case Study: 
(1 Slide) 

batfU^^r'"" th',el"tlv<! on »Clane« funda»e„t,l8 1, u,ln, a 
battalion level var game In lieu of a final exa». Oppoaln, forte, a.a Inâ®«? 

this has been ured at West Pníñf tk Î1 1 CÍ th 1 a War game such as 
a large SCalo .ZtùUT . J í£l 
variables as oe.ther, air atrlkea er «„'a t aã í í"lc pr0*r*"; 
by Major J.R. Parker'.! Arlri^'^a^'and ^er. a ^,t 

8 t be ln v*rl<,u* ,a“‘c» ««1 military history course, in ?h, !"ur. 

V. PROBLEM AREAS- 

would list:Urally Ve have a nun,bere °f dlff^ultles in our progran,. Briefly I 

11 Mea8U"°; Effectlv«nea«: How do we measure the effectiveness of a 

usin]erh0UrSea°r 8r0UP °f COurae87 There i» a possibility of 
thî«8 Î6 ?raduate record exam l° compare selected results of 
Íhose who take certain courses with those who do not. This 
is not done now. 

2 Tlme:pl^MainlyK?n! neVer haS enough tlme' This is particularly true wit 
electives which are themselves a two-edged sword! A. a cíuJ.Í 
becomes more compact and hence difficult, ¿he enrollment drops. 

type oî «obïl. 8eíf c?nfronted wlth an Operations Re.eïrch type of problem - a most unfortunate development. 

Approach; But time alst, affecta approach. How can we give a proper 

techniaues’6 And10118 Re8earch aPP"oach without discussing 
techniques. And how can one teach techniques without under- 
emphasiring the most important "Systems Viewpoint?" Our solution 
1« satisfactory, but not ideal. P * t, uur solution 

Coordination. *s always difficult to closely coordinate all work 
in an erea which must, of necessity, be taught by many departments 
This is a problem we hope to live with r.thSr thL^W * 

Military Slant: Few texts offer rufficient unable example, with a 
military slant. Those texts which are available are almost 
always directed at an audience with a totally different background. 

V!. SUMMARY: 

feei thatI^!rr.d^;.:\"eP:^j:rr;\;;:n;i;hhnr ín iasi f~ * 
elation of the OR d sciplL Mo" ne«W \/U lu î ^ * 8°0d aPPr<- 
Many will then study OR in greate^pih ^ ^ ^ ^ -tudT- 

3. 

4. 

5. 
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US MA ELECTIVES 

MA 

» 4tíé 

SS 1*82 

SS U63 

OE 365 

OE tà? 

EF 382 

PL 431 

Bl 483 

EL 484 

EL 487 

m 482 

CE 484 

OE 482 

mmvCTc 

OPERATIONS RESEA.-CH/SYSTEME ANALYSIS 

PRINCIPAL COUfSES 

Courge 

Linear Algebra and Linear Procraanine 

Numerical Analyala with Digital Computation 

Applied Econonlc Theory 

National Security Seminar 

Management Engineering 

Operationa leaearch 

Comutar Science Fundamentals 

No. of Cadeta Eiirullev. 
66-67 67-68 

44 5 

21 24 

30 43 

98 223 

225 164 

U 27 

129 83 

ASSOCIATED COURSES 

Managerial Paycholog/ 

Digital Canutera 

Information Tranamlaalon 

Automatic Control Syatems 

Abatract Algebra 

Individual Biglneerlng Project 

Individual Oranance Project 

120 160 

22 19 

7 7 

5 5 

10 7 

6 10 

21 5 

* 

* 

f 
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TYPICAL ELECTIVE SEQUENCES 

IN SYSTEMS ANA LYSIS/OPE ETIONS RESEARCH 

"Management Science ' Bnpha»ls 

OE 365 MatVigenent Engineering 
RF 382 Computer Science Fundamental» 
S3 482 Applied Economic Theory 
OE 48? Operation» Research 

’System» Analyala" g*pha»l» 

OE 365 Management Engineering 
EF 382 Computer Science Fondamental» 
MA 48l Linear Algetra Si Linear Programing 
SS 483 National Security Seminar 

"Operatlona Research'' Bmphaala 

OE 363 Management Engineering 
EF 382 Computer Science Fundamentals 
MA 488 Numerical Analysis 
OE 48? Operations Research 
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UEMA COURSEE 

m 

MATOEXATirS 

(Standard and Advanced) 

MA 101 Calculus and Analyils 

MA IOS Calculus and Analysis 

MA 104 Linear Algebra 

NA 109 Basic Analysis 

MA 154 Advanced Linear Algebra 

' MA 136 Advanced Calculus and Analysis 

MA 137 Advanced Calculus and Analysis 

NA 136 Advanced Calculus and Analysis 

MA 139 Advanced Calculus, Analysis and Linear Algebra 

MA SOI Calculus 

NT 806 Differential Equations 

NA 204 Probability Theory and Statistical Inference 

r 
* 
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OE 385 MANAGEMENT ENGINEERING 

JACKET PROBLEM 

The mnager of the Cadet Store stocks five (5) ®i*ej of a giver, 

type of jacket. He «ust fit 10G incoaing cadets whose sizes are un¬ 

known. The aanager knows that, in the past, sizes were distributed 

as follows: 

Clze 

1 

2 

3 

4 

5 

Relative Frequency (fr) 

10 

10 

20 

i>0 

10 

'ftt Mnager can stock 20 extra Jackets (Total: 120). How should he 

distribute this extra Inventory in or*er to ■inlstlze the expected 

nuaber of cadets who cannot be fitted? 
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OE 487 OPERATIOBB RESEARCH 

Hef. 

P-3345 
(Hoy 1966) 

HM-4362-P2 
(March 1966) 

RM-4176-I-PR 
(March 196£) ) 

f^M-3644-PR 
(June 1963) 

avarroHY coittrol 

A System Approach to Baae Stockage... 

Its Development and Teat 

(Campbell & Jones) 

An Objective Bayes Approach for Inventory 

Derisions 

(Feeney è Sherbrooke) 

Bte (<*-l, s) Inventory Policy Under Compound 

Poisson Demand: A Theory Of Recoverable 

Item Stockage 

(Feeney & Sherbrooke) 

An Aggregate Base Stockage Policy For 

Recoverable Spare Parta 

(Feeney, Petersen, A Sherbrooke) 
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OE 487 OPERATIONS RES EARTH 

LHŒAR PROGRAHKTÎÎÜ 

Ref. 

RAC- P-17 
(March 1966) 

RAC-P-19 
(July 1966) 

Programing The Procureiaent Of Airlift 

And Sealift Forcea: A Linear Programing 

Model For Analysis Of The Least-Coat Mix 

Of Strategic De ployaient Sys te». 

Fitapatrick, et al 

A Programing Model For Dete raining TTie 

Least-Cost Mix Of Air And Sealift Forces 

For Rapid Deploymnt. 

Fitspatrick 4 Whlton 
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Mr. Henry G. Alley 
Combat Service Support Group 
Session IV-B 
"What Are You Doing?" 

My presentation this afternoon will be in three parts. First, background 
on Combat Developments Command as a whole, second, the Combat Service Support 
Group, with which I work, and third, an important problem to the Combat Develop¬ 
ments Command at this time. 

The first part, background on Combat Developments, will relate in part 
to papers presented by representatives of the Combat Developments Command later 
at this Symposium. The Combat Developments Conmand was established on 20 April 
1962 as a major Army field command. This was a result of a 1962 re-organization 
of the Army, which was basic and far-reaching. The purpose of organizing CDC 
as a separate command was to centralize all of the functions and activities 
of Army Combat Developments in one command. CDC is a command responsible for 
providing the answers to three questions: how tne Army should fight, how it 
should be equipped, and how it should be organized. First, Combat Developments 
is a process, not a random search. Next, its purpose is to improve the combat 
developments and the effectiveness of the Army in the field as a realistic 
force, properly supported by cost effectiveness studies. Third, Combat Develop¬ 
ments follows an orderly sequence; and last, the basic commodities of Combat 
Developments are new and improved doctrine, materiel requirements, and organiza¬ 
tions. We can all recall from the history of the Civil War the tactics, the 
weapons, and the organization of the forces. This served as a basis for much 
debate as to how certain battles might have peen different had these factors 
been altered in various ways. In World War I, the tank made its appearance; 
however, tactical doctrine for its use had not been developed. As a result, 
you can see that the tank was misused. In World War II, we recall that the 
German Blitzkrieg was a spendid display of integrated doctrine, organization, 
and materiel. Also in retrospect, in the early days of tho airplane, we 
needed a doctrine on its usage. This had to be developed before optimum tacti¬ 
cal and strategic results were obtained. Intimately associated with the 
doctrine and organization were the capabilities that could be and should be 
provided with the manufactured item itself; be it a rifle, tank, airplane or 
what have you. Therefore, we come to the Army concept programs, whereby these 
factors (new or improved doctrine, materiel and organization) are integrated 
into the Arm' in the field. 

Let us focus your attention on the groups, the Combined Arms Group, Combat 
Support Group, and Combat Service Support Group. CSSG commands its assigned 
agencies, as do the other two groups, and serve essentially as mid-managers 
of the agencies' mission work using approved concepts now developed by the 
Institute of Advanced Studies, to be developed, as General Betts told you, 
by the Institute of Land Combat and doctrine studies developed by the Institute 
of Combined Arms and Support as a basis. 

We manage the development of studies by assigned agencies, to Insure timely 
completion of each Army concept program. As you would expect, the concept is 
very broadly stated. The doctrine studies develop the concept in detail, 
while derivative studies go into further detail for smaller sized units and 
specific functions, such as Petroleum Supply System. The organizations which 
are required are developed and necessary field manuals prepared. Matariel 
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requirement* are Identified, and on approval of a materiel requirements document, 
the development of the Item or system is monitored through research and develop¬ 
ment, type classification, and issued to the Army in the field, terminating only 
on removal from the Army inventory. 

And now, for the third part of my presentation, l wish to turn your 
attention to a subject of particularly important concern to the Combat Service 
Support Group, in fact, all of the Combat Developments Command at this time. 
This la total military worth evaluation of Army materiel. While this subject 
has always been with us, it was recently pointed up and emphasized in the 
decision of the Chief of Staff, Department of the Army, which said that this 
is a periodic evaluation} that it extends throughout the life cycle; is made 
in broad context. We at this time are planning the best way for the decision 
and guidance of the Chief of Staff to be carried out. A minimum of one formal 
military evaluation will be made prior to type classification and initial 
production of Army equipment and additional evaluations will be made as required 
throughout the life cycle of the materiel, from the requirement proposal until 
it la removed from Army inventory for disposal. Each military evaluation will 
determine the utility or valae of the materiel in tnrms of a practical assess¬ 
ment to include: performance, endurance, (that is, its service life), reliability, 
and maintainability, and, as stated before, this evaluation will be made in 
the broad context of personnel, tactics, organization, training, operations, 
logistics capability, and other equipment which comprise the Army. Each 
military worth evaluation will utilize to the extent practicable, dat. from 
all available sources, to include but not be limited to, the results of all 
reports of tests, service test evaluation, technological forecast, Army concept 
and doctrine studies, information made available from ether DOD services, 
international standardization agencies, industry, field trip reports, and the 
like. To carry out the express desires of the Chief of Staff and the Army will 
require expansion and systematization of a program that will insure an adequate 
evaluation of the military worth of each item. Such a program presents a 
number of problems or questions, one of which is, "How best can we accomplish 
this?" Some of the questions to be resolved are qualitative, e.g., what types 
of personnel would be best for this work. Some are quantitative, e.g., how 
many of each should be employed in th<- various facets of the work. Next, what 
information on an item or system stould be collected? How collected, and how 
to sift and refine to collate and form a data bank to analyze and evaluate 
and ultimately reach a decision for action? 

In addition to the task of obtaining required data, a system will be 
necessary for rapidly retrieving and processing the mass of data collected 
and must permit intensified management of the literally thousands of items 
of material that are essential to the accomplishment of the US Army mission. 
Bear in mind that the data will be used for decisions to improve or revise, 
not only materiel, but also to improve US Army doctrine and organization. 

What methods should we employ in these evaluations? What operations 
research methods would produce fast correlation and evaluation in total 
perspective for the Army, now and in the future? It is apparent that we 
must systematize data collection, simplify analysis and evaluation of data, 
enhance our supervision and decision making process, and establish more 
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positive control over the life cycle of etch item or system, must disclose 
quantitative and quaUtative adequacy of present materiel to determine if the 
present combat development objectives are adequate; if not, we must ascertain 
what additional combat developments actions are required and when they should 
be initiated. We at CSSG and throughout CDC are endeavoring to determine the 
best management methodology to employ. Your thoughts and constructive 
suggestions as to how further military worth evaluations should be accompliihed 
would be appreciated. 

In summary, I would like to say that CDC was created to answer three 
questions: how the Army should fight, how it should be equipped, and how it 
should be organized, now and in the future. The organization with which I 
work. Combat Service Support Group,, located at Fort Lee, Virginia, is vitally 
interested in all the functional areas of combat service support of the Army 
in the field. The evaluation of each item or system of Army materiel will be 
expanded in scope and systematized to insure adequate life cycle evaluation 
for total military worth and this is now being studied tó determine how 
best to accomplish it. 

I 
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A CURSORY REVIEW OF OPERATIONS RESEARCH STUDIES AT THE 

U. S. ARMY HUMAN ENGINEERING LABORATORIES 

By 

Michael Famiglletti 

The Human Engineering Laboratories (HEL) recently formed an Operations 

Research Office (HEL-QRO). The mission of the new office la to coordinate the 

formulation and development of mathematical models and improved methodologies 

and procedures, for use in analyses and evaluations of human factors aspects 

of nev conceptual Army materiel systems. 

The range of problems encountered by the office and the techniques employed 

for their solution span the gambit from deceptively oImple and coarse to complex 

and sophisticated. 

Illustrative of the former is a problem which Involved the determination 

of the coiEpoaition of the crew in a two-man vehicle. 

Decision on the crew composition for a given two-man Army vehicle early In 

the system developamnt cycle is often made without the benefit of an analytical 

treatment of the problem. Consequently, the specified crew's effectiveness 

can be predicted only In nebulous, qualitative terms, which are useless 

in deterministic studies of system cost effectiveness. Thus when the crew's 

effectiveness Is not quantified, it Is iiqwoslble to trade off crew composi¬ 

tion with training needs and any requirements for duplicate displays and 
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control.. A method for qu«nUt»tlv.l)r ..tl*Un» th. utility of the compo.itioi- 

of the crew in a two-man vehicle was recently developed. 

For illuatration the method is applied to a low-altitude, high-speed 

(LAMS) surveillance and target acquisition, conceptual aerial vehicle. 

The methodology is based on the assumption that crew composition depends 

predominantly on the man-assigned tasks to be performed. Therefore, we began 

by dichotomizing the entire workload into two disjoint sets, p and q, where: 

p . piloting tasks, i.e., all the sensing, data processing, and actions 

required for maneuvering the aircraft effectively through a given 

mission, and 

q * non-piloting tasks. 

A er.« OMd-r, thm, »y he deflMd In Mra. of the tuk. he cm 

perform. Let : 

P - a man capable of performing all p 

q . a mem capable of performing aU. q 

^ , a man capable of performing all p, and some but not all q 

^ s a imn capable of performing all q, and some but not all p 

Pq « a man capable of performing all p and q 

Sou of the boundary conditions imposed are: 

HI. Sets p and q are non null for eech mission segment of a typical 

mission profile. 
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H2. A crev consiits of two men, one trained at least for p, and the 

other trained at least for q. 

H3. Crew composition depends on task-backup requirements which may be 

Imposed to anticipate potential overloading« of either crew member, etc. 

The methodology involvas the performance of some elementary manipulations, 

which will not be detailed here, and which utilize the following Input data: 

a. A typical mission profile, divided into flight sepients: 

Post Flight Pre-Fügte 

MISSION PROFILE 
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b. Coarse tin* estiastes 

dichotomized according to the tasks 

for each segment's total workload, 

each crew member must periom. 

RATIOS OF REQUIRED TASK TlfC TO AVAILABLE TIME 



c. Assigning priorities to selected tasks within each mission 

segment. 

Task Priorities 

_Mission Segment___ 
2 3 4 5 6 7 8_9 

Task 
Priorities p»q p»q P»q P=9 P=9 P*^ p = q 

And finally, to eorailete the input data, ec-h mission segment is 

weighted to determine its contribution to completing the mission successfully. 

Mias ion-Segment Weights 

Mission Segment____ 
_1 2345 6 789_ 

Weight .05 . 05 . 05 .15 . 30 . 20 . 05 . 05 .10 

The mission-segment weighting factors reflect each segment's 
* 

/ relative importance to the overall success of the mission, in accordance 

with some pre-selected criterion. 
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Tne result of epplyln« the developed aethottology la a frequency-of-uae 

histogram. The histogram depicts gross quantitative estimates of hoe cree 

composition depends on backup requirements. 

CREW COMPOSITION UTILIZATION 

IOQl . 

Percent of 
Total 
Mission 

50« » 

100¾ 

A 

None 

3. 

□ □ 
During Idle 

70% 

K 

Time Only 

Task Backup Requirements 

M. 

A 
PQ 

Some 
Independent of Idle Time 

V 
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This frequency-of-uae histogram makes it clear that, even with the most 

stringent requirement for task backup, using crews of two men wh'' are completely 

cross-trained (P^ P^) may be undesirable in terms of cost effectiveness, because 

of the expense of training and duplicating displays and controls. 

It is also clear that one man in the twc-man crew must be trained for 

at least ail piloting tasks and some but not all non-piloting tasks (P). The 

analysis further suggests that the mission segments which give this indication 

should have a thorough definitive task analysis. 

Another problem we are currently considering may be stated as follows: 

Given a two-man vehicle, develop a mathematical model for predicting the relative 

merit of the arrangements of the two crew stations. A crew station is defined 

as the location where an individual crew member performs his assigned tasks. 

It is assumed that the creposition of the two-man -'rew has been previously 

determined. 

Initially, the basic elements that constitute the vehicle subsystem and 

the pertinent interfaces were distilled (see figure 1). 

The crew station in essence is assumed to consist of a man, displays, 

controls, and the crew station environnent. The man is considered to be a 
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••n»or-proc**»or-cocitrailer. Tbe «,'• —mterroiet. the dLfU™, 

vhich farmed forml («,ulp-m) end Infarml (no «.ult-nt) dnU (or coo.) 

^ tM internal; «nielo, or .«.mal Onrlr—nta. T» data obtain froa 

t,ne dlaplayo 1. free proceed by the »»n end tb. reduced ectlc tabeo ,1. 

tbe controls. 

It 1. evident that If a ere. «ber'e ..mere mulre only that data 

perceived throu* foci dl.pley. to perfore Me ae.lsned tee, then nl. ere. 

.nation location, ehould be Indepdnt of ^ preferential location elthln 

the «Meie. We tberefor« ««r* that eecn =rev ne—r no. .0« fera to f«r. 

, __ . . **-Dlays. Other factors that contribute 
for* that require data frcei inionna* —plays. 

to the aerlt of erne etatlon arejeaent Include: 

a. Requirent, for .harln* dleplay. and controle. 

b. Vulnerability of ere» otetloo poeltlone, peycbolo*lcal "tree., 

iweress. ec^«s*> •t®* 

Vor elepllclty, the g«-try of a on—n ere» etetl« 1. —u~l to be 

. cube, four arrengMente of ere. .table are con.lde«d ln tU. .tudy (eee 

figure 2). 

Tb._,-—t bmlc to tb. andal fonmlatlon 1. that » .ff.ctl« 

aneurt of tb. utlUty (u) of an arrangent of c«e »tatlooi It Jointly 

ymat-l to the cc «Utico gc.tr, «n tb. C. functionally requlud 

recptlrlty of «uory .«-dl H^)- Tnu, for «y gi«t arrant o 

144 



145 



of tvo crev «tatlon*, 

F(xixgx3) dxidxj 

vbere K Is a constant of proportionality. 

»# 

u « k jj ; 

Man's five prlaary sensor faculties (vision, audition, tactile, olfaction, 

gustation) along with kinesthesia (the sensation of bodily movement), cutaneous 

(conbination of the teogwrature and pain senses), and vestibular (relating 

fulling and rectlinear movement and rotation), are considered in the model. 

The most difficult aspect in the formulation of this crev arrangement 

model Is the generation and/or formulation of a single acceptable function to 

represent explicitly the receptivity of sensor stimuli. 

To iUmitrate: For vision, by assuming that ths eyes are facing In the 

direction of notion and fixed on a curtain point In space, the locus of points 

In external space «boss images axe formed on corresponding elesnnts of the 

retinae and vhlch are seen singly., lie on a grapn called the Vieth-Kûler 

circle. Rotation about the x-sads produces a tolerable and satisfactory recep¬ 

tivity function for vision required In the model, figure 3* 

For audition, hovever, the receptivity of directionaliaed 

auditory stimuli vas first crudely assumed to he s prolate spheroid vlth aau 

as a mass point in its gsomstrlc center. Hovever, the non-elementary traue- 

formations required In attempts to gat a oloeed-fom solution yielded elliptic 

ntmrsli of tto first and socood kind vhose Intogretions relied heavily on 

1 
1 

HwaM^- 
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approxloMtlona, tad the total contributions to errors In the asasure of the 

utility of an arrantlent were difficult to bound. Fortunately, however, a 

Modification of the audition function vas able to be oade, which subsequently 

Integrated nicely In the desired closed fora. 

Despite the noted dearth of mathematical representations of man's recep¬ 

tivity of sensory stimuli, both In the open and classified literature, a 

methodology has been forauiated which will indeed yield quantitative estimates, 

although crude, of ths relative merits of crew station arrangement. For Illus¬ 

tration, the methodology Is being applied to a conceptual airborne vehicle. 

Currently, a bit of tidying up needs to be done before drafting a final paper. 

Ve are also In the process of developing a model which will describe head 

dynamics as a function of physical loadings (weights) placed In pr*.asS£gnéd 

positions on ths head. The objective of the study Is the determination of 

helmet-weight limits and distributions which may be acceptable to an active 

Individual, without deterioration of normal locoactlon or equilibrium and without 

sonaory or soeesthetic disturbances, under conditions of acceleration and vibration. 

TO Initiate the study, a commercially produced skullcap shell Is being 

considered with ths Initial objective of determining the effects on Its center 

of gravity when given elemental weights are placed on pre-assigned surface 
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location*. A aathenatlcal représentâtIon of the skullcap stell ha* teen 

formulated. 

Projected perimeters and template tracings in the longitudinal and lateral 

planes of the skullcap shell suggested that significant sections of the stell 

lend themselves to the mathematical approximations shown in figure k. 

To determine the goodness of fit of the mathematical model vlth the physical 

stell, the average weight and thickness of the shell, and the average density of 

the material composing the shell were experimentally determined. Treating thick¬ 

ness and weight as independent variables and density or volume as a measure of 

the goodness of fit, the errors tabulated below were determined: 

Shell Model 

Measurements 

Weight (gm) 360.^5 

Density (gm/cm^) 1.^950 

Volume (cm3) 246.4660 

Thickness (cm) .1069 

Predictions 

(A) 360.665 

1.4950 

246.595f 

(A) .1000 

(A) ■ values assigned to Independent variables. 

These errors are deemed acceptable. 

Percent 

Error 

.053 

.053 

The model was most recently augsented by consideration of the suspension 

retention system (BBS) which consists of padding, webbing, and chin straps, 
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corresponding to aediua, large, and extra large belaßt sixes. 

Currently, ve are attempting to formulate a mathematical model of the 

head and neck dynamics to compliment the model of tbe helmet. 

We are also In the early stages o* developing a model which will predict 

the performance of a man-pistol system as a function of pistol physical design 

parameters and parameters affecting tbe spatial position and blo-mechanlcs of 

tbe human upper limb. Tbe equations necessary for a complete description of 

the system in three dimensione are presently being fomilated. 
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OPERATIONS RESEARCH IN R&D TO ACHIEVE ANTI-AIRCRAFT EFFECTIVENESS 

Mr. Doyle E. Pickens 
Mr. James L. Edmondson 

U. S. Army Missile Command 

I. INTROttJCTION 

The three speakers in this session will discuss the 
research/system analysis activity associatedwiththeoveraldevelop- 

ment, production, and deployment phases of the 
Although these phases are closely associated and interrelated, I will 
o+^mnt to confine my remarks to the Research and Developnent Cycle, 

apStoPthe°contract Sflnltlon phase, sp there »1U he - 
of the following presentations. Additionally, I wila. ^ 
hypothetical problMB and a specific model application for 
but°rather a philosophical approach to the 
or,H tn the annlication of Operations Research/Systems Analysis in Lne 
researchVdeÄnt oreffective anti-aircraft air defense weapons 

systems. 

SLIDE 1 

system-T) "onsV'™hTtte lifi 

r5)CroÄr»r"o*d*4 
MICOM. 

II. LIFE CYCLE OF A WEAPON SYSTEM 

SLIDE 2 

Th.-. are 8ix distinct phases in the lif- cycle of a weapon sy8^em- 

Of particular importance are the types of technical “ 
Se aSncïes of frime responsibility. It is obvious that a vital inter¬ 
relationship exists between intelligence community, the user, Ae de¬ 

veloper, and industry. 

I will discuss the first two phases of the life cycle. The other 
four phases will be discussed by the following speakers. 

"Concent Formulation", as used here, encompasses the 
De ve lopmenf activities (Exploratory and Advanced 
a decision to enter the contract definition phase; that is, 
s-.ialytic process by which the Amy determines what materiel sh )i.d be 

developed. 
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The soneept formulation phaae coneiats of many steps which may be 
repeated many times before progressing to the next step. Typical major 
steps which are performed by ACSI, CDC, and AMC agencies woricing together 
are: 

Develop Potential Military Threat 
Develop Requirements for Weapons to Defeat Threat 
Postulate Technical Concepts to Meet Military Requirements 
Evaluate Technical Design Concepts 
Perform Exploratory or Advanced Development 
ftjstulate Weapon System for each Threat 
Evaluate Weapon System in Combat Environment 
Postulate Force Structure to Counter Worldwide Threat 
Evaluate Force Structure in Combat Environment 

There are six prerequisite conditions which must be accomplished in 
the Concept Formulation Hiase prior to the approval of a request to ini- 
tiats work in the engineering/operational systems development: 

1. Technology is in hand. Only engineering is required - not 
experimentation. 

2. Mission and performance envelopes have been defined. 

3. Best technical approaches have been selected. 

4. Thorough trade-off analyses have been performed 

5. The cost effectiveness of the proposed item has been 
determined favorable in relation to competing systems throughout the 
Department of Deferae. 

6. Cost and schedule estimates are credible and acceptable. 

SLl^ 3 

The typical materiel life cycle extends about thirty years from the 
time research is conducted, tie products of research are incorporated 
into weapon systems or equipment, the system is developed, produced, 
fielded, and then finally discarded as obsolete. This is not to say 
that we have the same system in the Army inventory for thirty years 
before a new one is developed. In fact, a new item is usually developed 
and produced about every nine years. It must be emphasized that not all 
systems will follow all phases. Individual items may be initiated at 
any point in time. Delays of any type, such as progranmtinir, budgeting, 
type classification, establishing requirements, production decisions, 
and development and production difficulties will prolong the operational 
and disposal phases. 
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This chart is based on a four-year development cycle, an eight- 

year procurement plan, and a system service life of ten years (some vary 

from six to thirty-four years or more). One can readily see that dif¬ 

ferent actions may be going on in each phase at any one point in time. 

For instance, while disposal actions are underway on an obsolete system 

(System A), a replacement system (System E) is being produced and 

fielded. At the same time, much work is being done to define anu de¬ 

velop a new modem system (System C), and extensive research is being 

performed to evolve future concepts of combat and requirements. 

Within this thirty-year cycle, how is the worth of a system 

determined? Basically, through its performance. Performance requires 

technology and organization, and both require money to buy and to 

operate. Before a weapon system can be developed, purchased, and used, 

it must be Justified to DA and IOD. This Justification includes a des¬ 

cription of the need, a rationale for its choice over other alternatives 

which address the same need, or its priority over other systems which 

address the same need, or its priority o\er other systems which address 

different needs - all competing for the same dollar. The needs (require¬ 

ments) come to the developer in several different forms. 
• 

SLIDE 4 

Basic Research Programs generally address the requirement set forth 

in the: 

1. Army Research Plan (ABP) 

2. Army Force Development Plan (AFDP) 

3. Army Research & Develenment Plan (ARDP) 

4. Combat Development Objectives Guide (CDOG) 

Exploratory Development responds to the: 

1. Qualitative Materiel Development Objectives (QMDO) 

2. ARP 

3. Research and Development Long Range Plan (RDLRP) 

4. AMC Objectives for Technology. 

Advanced Development responds to the : 

1. Advanced Development Objectives (ADO) • 

2. QMDO 

3. Qualitative Materiel Requirement (QMR) 

4. Small Development Requirement (SDR) 



Engineering Development responds to the QMR and SDR 

iv*~ 

Requlrements in the production and operational phases are 

quantitative, and are really a numoers game to compute to the quantity 

of an item needed to equip the army in the field. New systems concepts, 

addressing these requirements, sure conceived during the concept formu¬ 

lation phase of RfcD which encompasses all phases through Advanced De¬ 

velopment. 

SUEE ¿ 

A typical concept formulation time-phase plan consists of twelve 

major milestones over a period of years, during which time systems studies, 

system designs, and subsystem development are performed. Operations re¬ 

search is performed during the attainment of nearly all milestones. 

III. OPERATIONS RESEARCH IN THE LIFE CYCLE 

SUEE 6 

Generally, the terms "Operations Researeh"and "Systems Analysis” 

are used indiscriminately; by combining the two we have "Operations 

Analysis" which will be defined by Mr. Pbrter of Raytheon, the next 

speaker in this session. Suffice it to say that the definition holds 

for this discussion. Vihy, when and to what level does Operations Re¬ 

search occur in the materiel life cycle? The application of Operations 

Research/Systems Analysis has become known as THE technical discipline 

for providing the decision-makers with the professional guidance neces¬ 

sary for the development of the total planning for, and the implementation 

of, the development of today's highly complex, high-cost materiel. This 

technique of total resources evaluation is a systematic way of comparing 

old/feurrent systems and their possible improvements with new and advanced 

ways of accomplishing the total job. Further, it provides the basic for 

rational choices between.the alternatives that are available. There are 

four main components of such analyses: (l) Requirement - What do we 

need to do?; (2) Alternatives - What are the different ways of doing it?; 

(3) Evaluation - How well do the alternatives perform?; (M Choice - How do 

we choose the best alternative? Operations Research is undertaker, with 

various specific resultant requirements (very often concurrently) and 

performed in each of the six phases of the materiel life cycle discussed 

earlier. 

Let us examine an Air Defense Program which emanates from a 

suggestion that certain systems studies should be performed to develop 

several technical alternatives for a family of advanced air defense systems, 

including the development of a broad technological data base to assist the 

user in the preparation of system requirements (QMDO's, QDO's, SDR's, 

etc).* Ihis procedure follows a familiar pattern. The first step is the 



possession of knowledge - An Operations Research Evaluation of the 

technical threat and a projection of that threat into the appropriate 

time frame, and operations research evaluation of the operational 

capabilities currently available, and a sumnation of the state of tech¬ 

nology. This knowledge - perhaps information resulting from the work 

of others - is stored in the same reservoir that originates ideas. 

Certainly the ideas must flow freely (usually the result of a team effort, 

supported by the spectrum of technical disciplines ) smd have reasonable 

feasibility implications (technical forecasting, based upon applicable 

exploratory and advanced development results). Such ideas result in 

the alternative generic systems concepts (missiles, guns, rockets, other). 

The second step is the massaging (iteration) of the generic concepts 

and the summation of technology with the technical threat via the per¬ 

formance of the systems concept studies. It is the results of these studies 

which provide the sense of direction to the overall program (i.e., the early 

redirection of the exploratory and advanced development programs oriented 

to attain feasibility demonstrations of the component technological alter¬ 

natives). Initial OR/SA studies (one system versus one target) are per¬ 

formed to determine the technical capability of the systems concepts 

using the projected attainable technology characteristics. As result* 

of the redirected hardware program* are attained, the*e »tudies are up¬ 

graded to narrow the broad base search and come to grips with specific 

parametric designs and parametric analysis thereof. Obviously, during 

this phase there is a great deal of experimentation accomplished and 

latitudes enjoyed in the R&D community, and, of course, the User is 

cordially invited to participate also since we have a coranon, but diffi¬ 

cult, goal: total cost/effective weapon systems feasibility demonstration 

for each of the weapon system alternative concepts that are technically 

supplementary/compleoentary in an Operations Research Optimum-family-mix 

force structure analysis. Assuming the attainment of a favorable climax, 

the next step should go one of two ways - contract development phase and 

subsequent engineering development, production, and deployment; or re¬ 

directed for a/^itional advanced component development and a rerun at 

total C/E Weapons Systems Feasibility demonstration. When the weapon 

system is able to stand on its own feet independent of R&D or begins to 

show signa of obsolescenee, we begin to look for fresh, new ideas to 

pursue. 

SLIDE 7 

The Operations Research/Systems Analysis Interface with the RfcD 

activity will be discussed briefly. I consider the development of an 

appropriate matrix-of-analysis and the accomplishment of the defined 

analyses the most important aspect of any well-planned and directed pro¬ 

gram of air defense since no weapon system can now stand alone, but muat 

be considered as a composite part of the cohesive whole of the total air 

defense posture. 
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What do I mean by the matrix-of-analysis? I mean the documentary 
evidence of the application of every technical/functional/operational 
characteristic of each deflned/depigned candidate system entering the 
worldwide combat force structure simulation and C/E analyses. You say - 
today's Operations Research Cormnunity doesn't have the capacity to 
accomplish the total scope within the time usually allocated. I agree; 
however, I am convinced that total detailed analysis is achievable by 
proper early program planning for the operations research/system analysis 
function, flow? Simply by iteration of the analytic output/input require¬ 
ment of the various levels of analysis, the elimination of the duplicación 
of simulation/analysis efforts, and the placement of prime responsibility 
for the model/simulation development within the appropriate technical 
organizational entity. The very detailed component/sub-system (e.g., 
Infrared Seekers - 3 to 5 and 8 to 14 micron, Ultraviolet, Optical Con¬ 
trast, Radio Frequency) simulations must be performed on a cost/effec¬ 
tiveness basis in the Component Technology Laboratories to provide the 
technological basis for sub-system component selection in the Parametric 
System Design Cost/Effectiveness studies. 

•Hie outputs of such studies could and should be initiated with the 
Advanced Concepts Laboratories so that tney provide direct inputs into 
the Systems Design Analyses. The output of the Concept Laboratories 
FDCE Analyses directly inputs to the Development Agencies Operations 
Research Combat Environmental Simulations and C/E Studies. The output of 
the Development Agencies Operations Research Analyses directly Input into 
the users worldwide force structure simulations and C/E analyses. The 
incl'ision of a new weapon in the optimum force structure is used as a 
basis for entering engineering development. 

I hope I have conveyed the message that Systems Simulation/Analysis 
and/or Operations Research is an integral part of every important facet 
of any Research and Development Program; and that it is most important 
that we develop the prime levels of analytic capability in order to pro¬ 
vide the smooth transfer of technical knowledge via the output - direct- 
input interface. 

IV. HOW MICOM IS ORGANIZED TO PERFORM OFERATIONS RESEARCH 

SUDE 8 

MICOM recently formalized by regulation standard procedures 
for perfomance of operations research studies. Once the problem has 
been defined, the requirements, operational characteristics, and threat 
data are obtained from CDC and the threat community, respectively. 



The technical characteristics to he studied for possible f^filü»nt 
of the requirements are obtained from R&D. The subsystem conceP^ V* 
generated by the seven RiD laboratories, with the system concepts 1*in« 
venerated by the Advanced Systems Laboratory. The subsystem detaile 
technical simulations are performed by the seven R&D laborstorles 
the system detailed technical simulations being performed by the Ad 
vanced Systems Laboratory. 

Individual ayatan concepts and/or faadly concepta 
in the tactical environment oy the Operation. BeMjrch Bnmdh to 
terni ne the beet alternative of thoae propoeed. IMS aimulatjn.hovs 
thelnteractlon betvean the operational characterlstlea and the technical 
characteristics for a given cost. 

The study must also include the production plan, 
a life cycle support plan for each concept simulated. 
Reliability Management Office furnishes availability and 
data for use in studies. The Comptroller and Director of Programs, 
based upon the study outline presented by OperationsItesearchBranch, 
obtainsand validates the appropriate cost to be used in the study rom 
the respective directorates and project managers. 

It should be noted that the interaction between the subsystem 
concepts, system concept, and individual weapon and/or Tamilyof 
weapons being simulated in the operational environment viU undergo 
many simulations in order to arrive at the best °L^e. 
proposed. This type of simulation also enablecMLCOMto validate 
for the user those requirements which can be met, 
further technical development, and those he may desire to modify. 

V. ANALYTICAL MODELS USED AT MICOM 

SLIDE 9 

MICOM, with contractor support, has developed 
in each of the major areas of missile developsient. Ihase modal 
computerized simulationa of a complete family mix of 
artillery, rockets, missiles, and aircraft) in a ^aUstlc combat 
environment to determine the effectiveness of a candidate ^apon in 
the family mix. All of these computer programs are presently pro- 
ÏÏLÎîffïr tí. MIC.« IBM 7094 computer. Modification, to the.« 
models now in development will require a larger computer. 
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SLIDE 10 

Th» MICOM Close Support Model 1» a modification oí the DYNTACS 
model developed by the CDC Armor Agency at Fort Knox and Ohio State 
University. The DÏHTACS model is essentially a tank - anti-tank 
engagement. We are modifying this model to Include infantry and 
close support artillery weapons and tactics. The simulation in¬ 
cludes terrain in a specific geographical environment; realistic 
scenarios for acquisition and assignment of targets; dynamic simu¬ 
lation of the movement of both friendly and enemy forces until the 
objective bas been accomplished. 

This model is an effectiveness model which requires costs to 
be developed separately. 

SLICE 11 

The Dynamic Effectiveness Model is a dynamic simulation of 
General Support weapon family mixes during a period of combat which 
Includes a delay phase, a defense phase, and an attack phase. Three 
geographical environments are being programmed Into this model. 

A matrix of operational parameters and a matrix of weapon system 
characteristics are Inputs to the computer simulation. The computer 
then follows the scenarios to account for time of battle, movement of 
weapons and targets, and damage assecsment. Typical outputs are at¬ 
trition in personnel and equipment to both RED and BLUE forces, 
ammunition required to defeat the targets, and the time that each 
weapon was used to defeat each of its assigned targets. 

This model Is primarily an effectiveness model to be complemented 
with a cost model. However, costs can be added to the last subroutine 
to automatically calculate up to thirty measures of effectiveness, 
which may include cost effectiveness. 

sunt 12 

Another general support combat simulation model has been developed 
to investigate the need for, and cost effectiveness of, various pene¬ 
tration aids for long range missiles. The usual operational and tech¬ 
nical parameters are inputs. In addition, this model includes a cost 
analysis routine to complement the effectiveness routine and to yield 
direct comparisons of cost effectiveness of each of the postulated 
penetration aids. 

r 

160 



SUEE 13 

'Die MI COM Air Defense Simulation mode] Is also a geographically 
oriented dynamic combat simulation model. The inclusion of detailed 
terrain is a major improvement in this air defense model. 

The summary of output information includes all functions from 
detection through site suppression. Site suppression is defined 
here as the destruction of the air defense radar site by the attacking 
aircraft. However, we hope that the output of "number of missile 
launched" and of "intercept kills" will negate the site suppression 
output. 

TMS model is an effectiveness model which requires costs to be 
developed separately. 

SLIDE 14 

The MICOM System-Oriented Cost Model was developed to furnish 
the many types of dollar costs required to complement the effective¬ 
ness calculated by all the effectiveness modele previously discussed. 
The development, investment, and operating costs are considered for 
up to twenty-five weapon systems in the family mix. The cost output 
can be time phased if desired in six different formats. 

Each of these simulation models would require hours to present 
in detail. However, we will be glad to furnish any additional in¬ 
formation to any government agency upon request to the Operations 
Research Branch at MICOM. 

VI. TYPES OF STUDIES PERFORMED BY MICOM 

SLIEE 15 

In the twelve years of existence, the Operations Research group 
at MICOM has performed many studies of three general types. Examples 
°*" Quantitative Analysis are the cost effectiveness studies of pro¬ 
posed missile systems or improvements to current missile systems. 

Examples of qualitative Analyses are the logistic and manpower 
utilization studies of competing missile systems. 

Examples of State-of-the-Art Analysis are surveys of the Free 
World's Missile Threat, and transportation capabilities. 



VII. SUVWAHY 

SUTE l6 

In summary, I would like to re-emphaslze four important 
factor» to be con«ldered in the perfomance of operation» research 
to increase air defenae effectiveness. 

1. The entire life cycle of a weapon system must be 
planned and documented during the first phase of life. 

2. Ear't step in the life cycle must be proven and 
approved before tne next step is funded. 

3. Increasingly close coordination among Intelligence, 
CDC, AMC, and Combat Arms Agencies is required to optimize worldwide 

force structures. 

4. Within AMC, Operations Research techniques and 
simulation models are necessary and valuable tools in the technical 
design of weapon systems. 
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OPERATIONS RESEARCH DURING DESIGN AND DEVELOPMENT 

OF AN ANTI-AIRCRAFT SYSTEM 

Mr. Robert G. Porter 
Missile Systems Division 

Raytheon Company 

Cogmzant Agency: U. S. Army Missile Command 

Industry becomes inv >Ived in an anti-aircraft sy item te provide 
technical depth and capabi ities for manufacturing and management. 
Operations analysis is part of the total contribution by an industrial 
contractor mainly to complement this primary role of development and 
production. Operations analysis for this purpose is the subject of this 
paper, though it can be noted that industry may be called upon to assist 
government agencies in the prior and subsequent phases: the require¬ 
ments phase, during which a military service determines what should be 
developed, end the ownership phase, involving determination of how to 
use the system after it has been acquired. 

This paper outlines the areas in which an industrial contractor em¬ 
ploys operations analysis in getting his part of the job done to bring a 
new system into being. Before proceeding, however, let us all acknowl¬ 
edge that while getting the job done at any phase there is a continuing 
need tor program justification. When questions are asked, all interested 
parties stand ready to supply answers. Survival of a program for its 
full life cycle requires that a strong cost/effectiveness posture be demon¬ 
strated at any time that the program may be challenged. To convince a 
decision maker, whether inside or outside the Army, often requires the 
joint efforts of the requirements agency, the program management office, 
the contractor, and the user. Many of the briefing slides are prepared 
by operations analysts. The balance of this paper will set aside this 
"selling" activity and deal only with the subject of getting the development 
job done. 

Another aspect of operations analysis that will be set aside in this 
paper is the use of scientific methods as a guide in managing the activities 
of «.n industrial contractor while performing system development. This 
can be terr.ed "internal" operations analysis. The topic here is "external" 
operations analysis, whereby the operations being analyzed are those of 
the military user while pet forming the mission for which the system is 
being developed. 
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System development is a process of exploiting the technologies to 
create the end product. It would be simple to state that the system 
development involves collaboration among designers, analys s, and 
manager». This would imply that operations analysis is a »• ecialiaed 
discipline practiced only by people who wear a certain type of badge. 
(Ho differentiation is made here among the phrases operations research, 
operations analysis, and systems analysis.) Operations analysis is 
not necessarily « tight specialty. To reflect the full scope of operations 
analysis in the team effort involved in development of a system, the 
following definition is employed here: 

Operations analycis includes any analytical thought 
process that anticipates operational use of the system. 

Based on this definition, operations analysis is performed on occasion 
by designers, planners, and mraiagers. An op-jrations analyst is merely 
a person who spends most of his time at it. 

To extend this definition, operations analysis is usually oriented 
toward either (1) performance of the system as it yields cost/effective¬ 
ness or (2) procedures by which the system is operated or supported. 

Parametric trade-offs to provide the basis of design decisions are 
the dominant operations analysis contribution to system development. 
Even the most minor decision at the sub-assembly level, made by one 
man based upon what he considers to be simply engineering judgement, 
usually involves a quantitative inter-play among parameters. A basic 
two-dimensional trade-off can often be performed readily in tha mind 
of a man. One of the two quantitiei is degraded by a known amount to 
achieve a better buy (a favorable trade) in improvement of the second 
quantity. A two-dimensional trade-off may involve performance factors 
only, penalty factors only, or one of each. Using a missile as an 
example: 

(1) Range nvy be reduced to allow faster speed, both 
being performance factors. 

(2) Diameter may be increased to allow less length, 
both being penalty factors. 

(3) Thu penalty factor of weight may be increased to 
improve the performar.ee factor of range. 

Trading between two quantities implies that al) other parameters 
are constant. To a mathematician, this signifies that partial deriva¬ 
tives are involved. In a complex system, or even us subsyitems, many 
more than two parameters are involved. The mathematician is chal¬ 
lenged to formulate the various parametric interrelationships. Experts 
in many technologies must provide the partial derivatives, often referred 
to as sensitivity functions. Most distressing of all,. consider ations 
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appear that are difficult to evaluate quantitatively in the performance/ 
penalty domain. System features that are difficult to quantify in con¬ 
sistent ut its, if on any basis at all, include flexibility, mobility, vul¬ 
nerability, maintainability, supporlability, transportability, and 
technical risk. Proper weighting of such features, along with the 
quantitative data that can be generated relative to some of the perfor¬ 
mance factors and some of the penalty factors, is the challenge of the 
system manager. He must be astute, and the key members of hi* 
technical team must be acclimated to making trade-offs among multiple 
parameters, some expressed in units inconsistent with others. 

The role of the operations analysis specialist in the team effort 
of trade studies is to provide the ground rules that translate the needs 
of the user into the domain of design parameters. The needs of the user 
ultimately should be expressed in terms of value on the battlefield. 
Even though development of the system has been preceded by careful 
evolution of its requirements, a complete statement as to the quantita¬ 
tive value of every system performance factor is not likely to be available. 
A mathematician who is going to optimize value of design parameters 
desires that the wishes of the user be expressed by "indifference functions." 
Latitude in design choice by the contractor exists only between the speci¬ 
fied minimum in some performance factor and the specified maximum 
in some penalty factor. Within this region, an indifference function, 
if specified, would define in terms of performance/penalty factors the 
"even trade" - no preference, hence indifference. An example would 
be the function, such as a graph, indicating the missile weight variations 
that the user would be willing to incur to achieve more or less maximum 
intercept range. Various of these indifference functions remain to be 
negotiated during development of the system so that fuzzy trade-off 
criteria can be resolved. 

The latitude in making trade-offs, and in negotiating fuzzy criteria, 
decreases as the program proceeds through its phases. During Concept 
Formulation, systems of different types can be compared. During 
Contract Definition, trade-offs are generally at the sub-system level, 
although some "what if" questions may remain relative to major per¬ 
turbations of the selected system configuration. During design and 
development, trade studies are done mainly to justify Engineering 
Change Procedures (ECP's) from the controlled system configuration, 
ê.nd the acceptability of changes decreases as the months of develop- 
nent effort progress. 

Another occasion for the operations analyst to wrestle with 
measures of value is in establishing the fee structure of a muP'pLi- 
incentive contract. Agreement on such a contract implies matching 
the value of the level of effectiveness the system provide* to the total 
cost to the government of developing, procuring, deploying, and 
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supporting that Isvel of effectiveness. Once agreed upon, such a con¬ 
tract dsfinea an overall indifference function. The customer by signing 
imputa that he has no preference as to where the outcome of the effort 
Uts withia the specified field of indifference. The contractor is moti¬ 
vated to earn a maximum composite fee. (Maximising fee can involve 
onerations analysis of a high order. There are two players in the game, 
ÏÏÎ conUw^Twd Lady Nature. A. the limitation, of technology be- 
come known, th. contr.ctor con adju.t hi. .tr.tegy. A coflongu. of 
mine delivered a paper on this topic at the 28th National Meeting of 
ORSA in Number 1965. It had a compelling title, "Profit Maximisation 
on Incentive Contracts." and presented an interesting analytic approach, 
but 1 have said that "internal" operation, analysis will not be included 
in this paper. ) 

In addition to parametric trade-offs, there are many other areas 
of attention during the engineering process that involve operations 
analysis under my definition of "any analytical thought process that 
anticipate, operational use of the system." Reliability, maintainability, 
safety, electromagnetic compatibility, and human factors cngmeerinj 
areamong such areas of attention. Design for reliability and maintain¬ 
ability, and prediction of equipment availability, encompass a spectrum 
of disciplines extending from elegant mathematics to the most pragmatic 
aspects of quality control of parts or access to modules for replacement. 
The frame of reference is the operational environment and operating 
modes planned for the system. The reliability goals intertwiie with 
the objectives for availability of the system and with the support plan, 
which I shall discuss shortly. Similar comments can be made for con¬ 
siderations of safety and electromagnetic compatibility, where the 
results of extremely detailed examination of potential failure effects 
must be interpreted for the impact on operational effectiveness of both 
equipment end personnel. These interpretations are dependent on deploy- 
ment of the system and the doctrines and modes for its operation. 

Relative to human engineering, every designer is a human and has 
lived and worked with humans and therefore considers himself qualified 
to estabUsh the man/machine interfaces for his piece of equipment. 
Specialists in human factors are required on the development team, 
however, to assure consistent practices across the system, and to in¬ 
corporate design features that are known to be sound by past experience 

test, not merely based on individual intuition. 

In th* man/machine area, the next generation anti-aircraft systems 
are forcing us to deal with factors that were of little concern a few years 
ago. New equipments may involve (1) automatic data processing by 
digital devices for fire control, (21 automatic system test and fault 
isolation by the digital processor, (3) phased-array radars suitable for 
the multiple functions of surveillance, acquisition, pre-launch fire control, 

182 

MKléi-MiUUkâi 



and in-flight guidance of the mieeile, and (4) building-block conr.‘ruc- 
tion of the system« allowing the equipment complement of deployed 
fire units to be tailored to the defense objective at each firing s4te. 
These features give flexibility. In attempting to exploit this flexibility, 
a man can get dizzy* Allocation of the building-block modules to a 
firing site requires decisions by a human. Choice of the operating 
mode of m»iti-function radar, the allocation of its power and the beam 
time amon¿ the several functions and among the several types of targets, 
requires decisions by a human. Choice of the operating mode of an 
automatic processor, with various possible degrees of intervention by 
a human operator, requires decisions by a human. And then with the 
fire unit on site and operating in the selected modes, said human opera¬ 
tor must perform his tasks as associated with these modes, ready at 
any time to change his procedures to fit a casualty mode that may be 
initiated because of subsystem failures, countermeasures, or unpre¬ 
dicted circumstances of a battle. For the next-gene ration systems, 
the role of the operator is shifting from that of a mechanical sequencer 
to that of a maker cf decisions among branching alternatives, from 
operation on-line to operation by exception. Designers must imple¬ 
ment equipment interfaces with the men so that these decisions can 
be made at speeds consistent with the fast response of the system. 
Along with the design features, guidelines must be developed for the 
personnel who will be involved in system operation and in planning 
deployment and employment of the system. There must be procedures 
for "management flexibility." 

Another feature of some anti-aircraft systems being considered 
for the next generation is an ability to engage more targets simul¬ 
taneously than is possible with present-generation systems. This also 
confronts us with a new problem in human engineering because of the 
criticality of the decision whether to explcit this rapid-fire capability 
or to conserve ammunition. Corollary to a capability to destroy targets 
at a gratifying rato is the tendency to empty launchers at a frightening 
rate. 

Although most of the areas of attention for operations analysis 
described here are adjuncts to hardware engineering, various of them 
lead to studies of the classical OR type. Some of these are listed on 
Table I. This list by itself could be made the program for a symposium, 
with a paper or even a session on each topic. The first activity listed, 
functional analysis, has always been the starting point for orderly 
analysis of complex systems. This process has in recent years been 
formalised to provide a framework for trade studies and for system 

• integration. This functional framework leads to the hardware break¬ 
down structure of the controlled configuration. 
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TABLE I 

CLASSICAL OPERATIONS ANALYSIS STUDIES_ 

Functional analy^U to define functions within the mi»iion 
and delineate eubeyetem function* and interface* 

Transport of the equipment and men to the theater of 
actiont including contingency situation* 

Mobility a* used to deploy within the theater, tostay 
-^ï4 moving force*, and to reduce targetabihty of 

the defensive sites 

Emplacement and march order 
Surveillance and target engagement, including Bupporting 
-fire among adjacent sites {including complementary 

weapons) as integrated by available facilities for 
command, control, and communications 

Deployments for various levels of defense, including 
— site selection for favorable terrain visibility and 

supply routes 

Studies of the type listed on Table I involve mathematical modeling 
to some extent. Use of mathematical analogs that represent the system 
itself to validate the design by simulation 2re activities beyond my 
definition of operations analysis. Such simulations anticipate system 
tests, which constitute the moment of truth short of . 
Simulations can also be used after testing, to increase the sample sise 
at less cost than real-life testing. I have stated that operations analysis 
is most concerned with performance and procedures. Relive J«»1 
and simulation, therefore, operations analysis is involved mainly in 
planning an experiment that will validate predicted performance. Then, 
if performance proves to be not as predicted, operations analysis is 
part o/the exercise to devise cost/effective design fixes, perhaps com¬ 
bined with changes in operating procedure to compensate for deficiencies. 

Planning tests to validate a system as complex as those required 
for anti-aircraft defense is particularly challenging because limitations 
of funding do not allow a large sample sise. Taken together, the set 
of tests conducted by the contractor during development and by TECUM 
during evaluation represents an inadequate statistical sample relative 
to scientific criteria for high confidence. In recognition of this, tests 
are not planned as a statistical experiment to score the system based 

groa, utpu,., .uch a, mi.. di.«anc. In.tead. analy... 
prior to testing identifies all of the indicators, however subtle, that 
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can be used to extend the interpretation of the resulta. Sophiaticated 
instrumentation is then devised to record these indicators. A small 
test sample can then yield a large amount of information. Planning 
of the tests themselves thus becomes subordinate to planning what 
data to gather and how to interpret it, all relative to performance of 
the system as it results in value on the battlefield. 

There are two areas that require the OR specialists to use the 
most powerful intellectual and mathematical tools available to them. 
I call these the battle simulation, which addresses itself to the engage¬ 
ment of multiple attackers by multiple defensive sites (in contrast to 
the one-on-one basis of most analyses, tests, and simulations) and 

lMg-cyde simulati m, which characterizes the complex inter-relation¬ 
ships among all the factors involved in deployment, operation and support 
of the system for its full life cycle following initial acquisition. 

A battle simulation using a digital computer is a war-jaming approach 
that is most often used to test the influence of a conceptual weapon on 
the outcome of battle, or to establish a most suitable force-level mix. 
Similar analytical methods are required to guide development, however, 
mainly it the area of computer software programa and the role of the 
human operator. This analysis tests launching rules, concepts of com¬ 
mand and control, and the implications of imperfect communications 
among firing sites. Design decisions are reached, along with an assess¬ 
ment oí the effect of the system on the outcome of battle. 

A life-cycle simulation involves digital computer simulation not only 
of the system itself but also of the support system, its parts stockage 
and its operating and maintenance personnel. The computer program 
then simulates deployment of the system in the field and operation over 
the spectrum of missions it is expected to see during its life cycle. 
This simulation provides a means for addressing the interrelated life- 
cycle factors listed on Table II. By Monte Casio sampling, the program 
yields effectiveness indices, cost sensitivities, and safety indices. By 
inputing a number of feasible support plans, the most cost/effective 
one can be identified. The requirements for implementation of this plan 
become known (inventories and supply points, crew sizes and skill levels, 
repair or discard doctrines, etc.) along with predictions of system avail¬ 
ability and life-cycle cost. On any basis of measuring the magnitude of 
a digital computer program, this ia a "big calculation." 

Although "big calculations" are described as a sort of climax to 
this paper, I do not want them fo interfere with what I intend as the 
theme, that the activity called opeiations analysis ie pervasive during 
design and development of an anti-aircraft system by an industrial con¬ 
tractor. Almost everybody does it on occasion, and it impacts in almost 
every area of the total effort. It is a part of system engineering. It 
is disciplined by the total job that needs to be done. 

185 



li 

TABLE II 

INTERRELATED LIFE-CYCLE FACTORS 

PTfonnancc 

Operation«, capability, vulnerability, failure effect« 

Safety 

Failure mode«, hasard level«, propagation 

Reliability 

Environment, «tree«, aging, wear out, failure modes 

Maiatainability 

Acce««, tool«, handling equipment, disconnects 

Maintenance 

Fault detection, «kill level*, replacement level«, 
test equipments 

Logistic« 

Stock levels, stockage points, transport methods 

Cost 

Equipment, facilities, personnel, publications, 
replacement modules, transportation 
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(3) How the Army shall be organised? 

obtained for these question! is to^Ucu^tb!"^ ^ *nnmrt #rt 
-nt Model. In thií ^d.^ tí.* ü 

Phase»: (l) Concept Formul.tioü, tl0°C#J!/,njW;d,d ln four 
Production, and finally (4) Qnmrln J u«”nition, (3) Developstent and 

The answer i0 the ^..îion of^ ^(S#f Ft8u^ D- 

development of a list of operational caJbiliÎÎ.Ï*Sm ^ th* 
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developmtnt «nd production ph«9t, CDC produce* « field menu*! for this 
Approach, Validation of the doctrine which the approach preacribes takes 
plane during the oparation* »nd disposal phase, either by means of troop 
tests or actual operations. An answer to the question of ”how to fight" 
has nuv been ¿«veloped (See Figure 2). 

In answering the question of "how to equip" end ,!how to orgenlse" 
CDC progresses through the same four phase», but .nera U little vertical 
alignment between these activities. For exempli, the Qualitative Materiel 
Requirement (QMR) is one of the last w»]oi step* it» concept for mulct ion 
for materiel but phAse-vlsr CDC is much farther along in answering tre 
question of "how to fight". Type classification, which resulte from 
successful validation testing of the first product:on cateriel takes place 
during the development and production phase. Follow-on production takes 
piece during the operations and disposal phase and provide»' the hardware 
for the troops in the field. Successive refinements in •* navet log the first 
two questions also Influence and play a role in answering the question ot 
"how to organize" by the structuring of units and the developing of tablta 
of organization and equipment. Because of this fact, rhe activities 
involved in answering the last question are less susceptible to a clear 
demarcation between phases. An overview of the development process for the 
Army-ln-the-fleid is thus shown by the three bar graphs in Figure 2. 

It becomes clear that while one speaks of the phases of the develop¬ 
ment process as a whole it does not necessarily follow that a sharply 
defined demarcation line between phases exists through which all activities 
progress et thé same time. Rather, the nature of the activity ureier 
consideration determines which phase thut activity is in and, at many 
points in time, that phase will differ from the phase used to describe 
th_ position of the overall development process. 

Another way to visualize the development process is to think of the 
process as an arrow whose base is fairly broad, whose flanks at the base 
ere somewhat poorly defined, end whose direction at the base la not 
precisely established (See Figure 3). As the arrow passas through 
successive refinements the shaft is narrowed, the flanks tre glvtn better 
definition, end the arrow as a whole it. given more precis* dlrection--all 
of which permits it to home in on the objective: treined units in the 
field. Since we ere thinking of the arrow in the sense of the overall 
development process, one could add the phases through which It pastes as 
it is refined. The picture presented so far, however, la incomplete since 
it does not show how the successive refinements ere realised. There la, 
of course, insufficient room in Figure 3 for ell of the refinement actions 
but for illustrative purposes a few ere sh(vn. Army Materiel Commend (AMC) 
actions are shown above the arrow end CDC ectiona are below the arrow. 

Having established the parameters of the development process, CDC1* 
part of developing the Army-in-the-field will now be discussed. The most 
important and far reaching task for CDC and the one having the greatest 
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impact on th« Army is the work being presently done for the long range 
time period. A small effort now, aimed at that period, can have a 
significant impact on the Army of the future and provide a tremendous 
pay-off. It is not difficult tc transpose the bar chart of Figure 2 
into the arrow of Figure 3, and doing so results in the visualization of 
the process as shown in Figure 4. Tactical and operational determinations 
(how to fight), the material development (how to equip), and the 
organizational design (how to organize), flow through the arrow. To this 
CDC adds two additional functions: 

(1) /m environment and threats function; i.e., "what do we have 
to fight?" 

(2) An evaluation function; i.e., "how well are we doing in our 
doctrine, materiel and organizations against the threat?" 

The latter function of evaluation is continuous throughout all phases of 
the refinement process and culminates with the validation of the entire 
development process when trained units are equipped and operate in the 
field. 

The whole process has its inception, of course, in the concept phase, 
the end product of which is a report called The Land Combat System Study. 
By studying current events and trends in the world arena, nation by nation 
and reglan by region, the world environment or backdrop seating is 
established. Economic, demographic, social, and political trends, as 
well as intelligence available from the Defense Intelligence Agency, Army 
Intelligence, and the Foreign Science and Technology Center are all 
examined (See Figure 5). From these CDC forecasts the plausible conflict 
situations that could exist in the future, the antagonist in these 
situations, and their importance to the United States. Together these 
forecasts constitute the threats with which the United States might be 
confronted in the future. 

Next, by analyzing U. S. policy and strategy and the forecasted 
threats, the tasks which the Army might be called upon tc perform are 
deduced. These efforts result in a document called the Threat Forecast 
and Army Tasks. Concurrently, with producing the Threat Forecast and 
Army Tasks, CDC prepares, assisted by AMC, a compendium of those materiel 
options which might be available twenty to twenty-five years hence. To 
assist in this task, the Army Materiel Conmarid. is forming an advanced 
Materiîl Concepts Laboratory which will employ scientists from many fields 
with close liaison with industry and the AMC comnodity commands. This 
group will constantly search fer scientific and technological advances 
which could give improved or re/olutionary equipment capabilities up to 
25 years in the future. This will provide the information on what 
science tells us today is possible in the future if we want it. 
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dsi'g tue approved Threat Forecast and Army Tasks and the compendium 
of plausible materiel options, CDC next develops the alternative concepts 
by which the Land Combat System should be able to counter the threats. 
For example, two alternative concepts might use different combinations 
of fi.e and movement to cope with a given threat. One concept might 
stress the mobility of forces which carry short range but highly 
destructive firepower with them. Another concept may stress the mobility 
of small lightly armed teams whose principal tank would be to find 
targets while the application of firepower is obtained from extremely 
long range and highly accurate weapons. The mobility of the firepower 
in the second concept does not and need not match that of the lightly 
armed target seeking elements. 

The alternative concepts are then subjected to a preferential analysis. 
The resulting Land Combat System Study in addition to containing the 
alternative concept and preferential analysis will delineate: 

(1) operational capabilities objectives to guide laboratories, 
science and industry in research and exploratory development and to 
guide CDC in the development of doctrine. 

W pcllcfes for the development of tactics, materiel, and 
organizations. 

priori tier for development, experimentation, and analysis. 

In sunmary, the Land Combat System Study provides unifying guidance 
by defining what is to be done for subsequent development of doctrine, 
materiel, and organization, and, as mentioned earlier, it is here in the 
concept phase that the greatest pay-off is realized. With the Land 
Combat System Study completed, CDC moves into the definition phase (See 
Figure 6). 

The more specific definition of the Land Combat System la then 
initiated by first developing a study called the Combined Arma and Support 
(CAAS) study and then deriving 19 branch and functionally oriented studies 
called Derivative studies. The Combined Arms and Support study deals with 
division and higher levels of command and corresponding logistical echelor*. 
The branch and functionally oriented studies or Basic Derivative studies 
deal with the brigade and lower levels of command. Examples of these 
branch and functional studies are Infantry, Armor, Supply and Maintenance. 

A very close coordination of these efforts is required since the 
Combined Arms and Support (CAAS) study and basic background for the 
Derivative studies are developed concurrently. Further, as CDC works with 
the research and development agencies in AMC the materiel requirements 
for the Army of the future are better defined and must be reflected in 
both the Combined Arms and Support study and the Derivative studies (See 
Figure 6). 
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Prior to the completion of the CAAS study work commences on war 
gaming the tactical and organizational concepts for evaluation purposes. 
Upon completion of the Derivative studies, they, together with the CAAS 
study, will be subjected to systems analysis to discover possible trade¬ 
offs, gaps and inconsistencies. At this point CDC completes the CAAS 
study to include any revisions which may be indicated as a result of the 
systems analysis. The materiel development process throughout this time 
would have provided inputs to and received inputs from the areas of 
tactics and organization. Sufficient time would have passed to bring 
these actions out of the realm of the long range time frame. The next 
step for CDC in the development and production phase would be to monitor 
the development of materiel by AMC and to participate in its testing to 
insure that the materiel meets the requirements of the Army-in-the-fieid. 
Final materiel ievelopment testing will provide CDC with the information 
needed to complete the Basic Derivative studies and to prepare the field 
manuals and tables of organization and equipment for use by the Army-in- 
the-f ie Id. 

During the final phase of the development process, CDC validates its 
previous work by troop tests or actual operations in the field. Based on 
information gathered in the field, CDC provides for the short range 
improvements by suitable modifications to the field manuals and tables of 
organization and equipment and AMC does likewise by product improvement to 
existing materiel. 

By following this systematic design of a total Land Combat System 
CDC intends to create a flexible, multi-capable Army--able to react In 
all known environments and capable of accomplishing any foreseeable 
task. More pointedly, CDC intends to propose a concept that will not 
handcuff an Army to a particular environment, task, or tactical situation, 
but instead will permit an Army to meet and defeat any threat which might 
be posed. 

t 
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PROBABILITIES OF MINE FIELDS AND COST-EFFECTIVENESS 
OF BARRIER SYSTEMS* 

Mr. Sidney Sobeltnan 

HEADQUARTERS 
DEPARTMENT OF THE ARMY 

Office of the Deputy Chief of Staff for Military Operations 
Washington, D. C. 20310 

ABSTRACT 

The first part of this paper reviews the straight-forward probabilities 

of pressure-actuated and tripwire mines, and combinations thereof. Necessary 

assumptions and real-life conditions are described and treated. The number 

of men who would actuate all the minefi in different density mine fields is 

determined. The assumptions of "pure" randomness it denied and a recom¬ 

mended deliberate geometric pattern making use of knowledge of average 

stride length Is suggested. A modified or "binary" Poisson function is 

derived and compared with the straight-forward probability function. The 

second part of this paper then considers the ultimate or gross effect of 

any barrier system. The distance of penetration denied an enemy and the 

time delay to engage in decisive combat, obtainable at a cost, are 

expressed in a cost-effectiveness measure. 

★The analysis is strictly the author's and no reflection or implica¬ 

tion of US Army or Department of Defense practice or doctrine is Intended 

or Implied. 

198 



INTRODUCTION 

There exiate practically no open literature on the mine field 

emplacement problem, what a mine field accomplishes, and the cost- 

effe.'tlveness of a mine field or other types of barrier systems. Mines 

and related devices (demolition and non-explosive) are essentially . 

deterrents or barriers to enemy forward movement. Mines are generally 

considered to be randomly disbursed, and they may be In a scattering by 

air drop. More usually, the intent is to make the mine distribution or 

emplacement appeal. kfi. random Lfi. Ihfi. fiUSlRX.. h,,t for g«*ter effectlve- 

nees the mines are deliberately separated from each other in an overall 

random-type field pattern of rows and cluster». Thus, undesirable or 

excessive clustering due to random processes alone are avoided. Deliberate 

separation of mines also avoids sympathetic detonation. Field tactics 

require identification and knowledge of the location of mines and mined 

areas for possible removal by friendly troops at a later date — but 

self-sterilization built Into mines can modify thla requirement. 

Security prevents revelation of field effects, sensitivity, ease of 

detection or removal, or special doctrine. But the emp lac emir.? of mines 

and methods of evaluation of effectiveness can be challenging to the 

ingenuity of the operations researchers using the common knowledge of 

probability theory and cost-effectiveness discipline or modeling. It 

is hoped that this paper contributed toward stimulation of Innovation 

of analytic techniques and Improvement of operations. 
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I. MINE FIELD PROBABILITY ANALYSIS 

The probability of initial intercept, Pil, of a single insurgent 

by a land wine field appears to be a straight-forward coverage or 

"search theory" problem.^ The usual solutions will be presented 

below, but the necessary assumptions will be identified and the expected 

variance from the real world performance will be described. A geometric 

analysis of a deliberate, regularly spaced mine field indicates that far 

fewer mines are needed for a given probability or that actual probabili¬ 

ties of initial intercept are greater than those prescribed by the 

current theoretical, random probability formulas. 

Two types of antipersonnel mines are considered: a pressure- 

actuated, point-initiated mine and a pull-actuated, tripwire-initiated 

mine. The point-initiated mine, a small mine with a 2-inch diameter 

pressure plate, will be emphasized. The small point mine can be easily 

emplaced and effectively camouflaged against detection, whereas the wire 

of the tripwire mine must be above-ground and might be observed or felt 

in time to avoid activation even by an unsuspecting insurgent who moves 

and observes very carefully. 

An important assumption is made that the insurgent, although always 

stspecting the presence of observers or observation devices and booby 

traps or mines, does not know with certainty the actual location of the 

Antipersonnel mines, only, are discussed. Antitank or other 

mines are not included. 

200 



mine field. Generally, the presence of fences or posted signs and 

markers tells him of the possible existence of a danger area, but actual 

bounds of the mine field are not known to him. Further, suspecting an 

actual bound of a mine field area, he will be or should be in real doubt 

whether that mine field is a phony or dummy mine field or contains live 

mines by themselves or in combination with dummy mines. The strategy 

of live and dummy mine emplacement must be such that a condition of 

uncertainty exists for the insurgent. He will only be certain when a 

mine is set off, but will be valid up to this point in time of mine 

initiation. 

The probability ?! or initiating or locating a single mine by a 

single step is simply the ratio of effective bootprint area, Av 

(Figure 1) to the total area ^ (Figure 2). 

(1) 

T Ai For L/Ls steps, this becomes: Pj « . .JL 

Ls 
(2) 

and the probability of not locating one mine, or conversely of a point 

source locating an effective footprint area (which includes the diameter 

of a mine), is : 

(3) 

For n mines, equation (3) becomes: 

t 
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and the probability of initial ntercept, P^, becomes: 

Reliability, R, of less than one reduces the number of effective boot- 

print areas, and the Pj£ becomes: 

Information is available about the average length of stride, Ls, of 

an insurgent, but L may vary greatly from situation to situation. Since 

LW - A™, this cun be introduced in equation (6) to eliminate L as follows: 

Finally, W can be taken for convenience as one (1) meter in length, 

designated as a linear mater of trace, and n therefore is transformed to 

the number per meter of trace with the designation of rho sub one (^): 

For small values of Av/Ls and large values of^p a good approxl 

mation is the exponential fo m: 

(9) 

Using the following values: 

R - 0.90 

Ay » 0.0396 sq. meter (including a 2-inch mine diameter) 

Ls * 0.70 meter 
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the equation (8) and (9) can be rewritten as: 

(10) 

and 

(ID 

Plots of Ptl for different values of ^ for equations (10) and (11) 

ere presented In Figure 3. The closeness of these two curves Is apparent. 

The analysis for a tripwire mine Is somewhat similar. The diameter 

of the mine or the area of the footprint, however, are inconsequential. 

The Important parameters are the width of the field, d^, In which the 

mine Is centered (since two tripwires are used In two opposite direc¬ 

tions), and the walking stride of a man, W,: 

(12) 

(13) 

(H) 

(15) 

and 

(16) 

The applicable data assigned are (Figure 4): 

d® - 15.26 meters (for two wires) 

Wm » 0.26 meter 
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R - 0.90 

which yields for equation (16): 

- 13.97/) 

?Um 1 - ' ' 2 (17) 

The corresponding curve for Equation 17 and for one using a mine 

reliability 0.80 are given in Figure 5. 

It will be noted that the tripwire mine, as specified above, has 

a very much higher than the pressure-actuated mines. For a density, 

^2* 0.10, which for example would be obtained by planting one trip¬ 

wire mine per ten meters of trace, a of 0.75 is obtained. It might 

appear that the small pressure-actuated mines could be dispensed with 

since 26 or 27 of these mines per one meter of trace would be needed 

for the same 0.75 probability of initial intercept. The problem, 

however, is that a wary or experienced insurgent, even though unsuspecting 

of the actual presence of a minefield, should be able to detect visually 

or tactually an above-ground wire. The marking, cutting, overstepping, 

or removal of a tripwire would not prove difficult. On the other band, 

a buried nonmetallic pressure-actuated mine can only be avoided by inch- 

by-inch ground probing, denying or excluding the use of heavy equipment 

such as rollers or driving forward groups of animals. 

It would appear that the Joint use of both types of mines is 

necessary. This can be done analytically assuming an unsuspecting and 

unwary insurgent fcr both types of mines. It is obvious that both types 

are in the same set, that is, their probabilities are not mutually 
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exclusiv«. Either a pressure-actuated mine or a tripwire mine, but not 

both, Is actuated. Mathematically, the union of the two probabilities 

Is wanted, but not the Intersection, thus: 

PU(A + £) - PU(A) + P^dJ) - Pu(AB) (18) 

Substituting: 

PU(A) - 1 - e and ■ 1 “ e 

we get: 

PU(A +8)-1- (19) 

By assigning values for ^ and^2» *nd obtaining a ratio 

equation (19) can be used to plot the PU(A + B) against p2, as in 

Figure 6. The solid llnei are the pressure-actuated mine densities and 

the broken lines are for the tripwire mine densities. As an example, 

for 10 pressure-actuated mines per meter of trace and 0.10 tripwire 

mines per meter of trace, a ratio of 100/1 exists and the P^ is 0.85. 

Artillery or small-aras firing coverage of a mine field area and 

the mine field effectiveness are mutually supporting. Without coverage 

of a mine field by possible artillery or small-arms fire or, at least, 

by observers, a mine field becomes a source of supply of mines and 

explosives to an enemy Instead of being a deterrent or barrier. With 

coverage, timely application of fire against Insurgents who have 

entered a mine field can increase the effectiveness, such as the Pil, 

primarily by causing the diversion of an Insurgent from a straight-line 

path through the field, with or without a first immediate motionless 
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response (e.g., lying prone or taking cover). The insurgent, having 

entered a mine field and suddenly fired upon by artillery or small arms, 

might retreat over his previous path, as in Path 1 of Figure 7. But 

this might not appear to him to be as safe as dashing forward or side¬ 

ways toward a location of better cover or protection. On the average, 

one can consider that he takes a resultant 45° path, as Path 2 or 

Figure 7. The resulting Pu is calculated as follows: 

pli - PA + PB " PAB 

For^ - 46 and a 0.90 Pu for an uninterrupted, straight path, 

Equation (20) yields a higher P^ of 0.94. 

Consider now the offensive breaching of a mine field by an enemy 

force. If the insurgents enter the field singly, that is, randomly, 

and at different points, the probabilities of initial intercept, Ptl, 

should apply for randomly distributed mines. Thus, if the mine field 

has a density of 20 pressure-activated mines/linear meter, 0.65 of the 

insurgents should be casualties. 

However, if the enemy elects to storm through but remain in file 

foneation, the men in the forward positions are likely to become 

casualties and thereby reduce the number of mines likely to be encountered 

in their lane by their followers. After a sufficient number of casualties 

the result will be a lane free of mines. For different density mine 

fields, the question is asked as to how many insurgents on the average 

ï 

212 



INITIAL ENTRANCES PATH 

ONE OF FOUR POSSIBLE RESULTANT VECTORS 

Figure 7 



must go through In ordtr that a cleared lane will result? Up to this 

point, what percentage of casualties will there be for such an action? 

The method of calculating the probabilities for file formations 

involves an iterative process where each casualty reduces the field by 

one mine for the remaining men. For example, for a density of 2 mines/ 

meter (n ■ 2) and 2 men (m ■ 2), ¥n/m of exactly two men setting off 

two mines is ?2/2 or: p2 • or ify Pi- This is equal to (0.098)(0.051) 

or 0.050. For three men, there are three possible combinations for 

setting off two mines: ?2 • • q0 + p2 • 9i • P1 + * p2 * P1’ 

where q¿ (probability of not hitting a mine) * 1 - Since q0 = 1. 

q! - q, and q2 - q2, 

r2/3 - p2 ri (i + q + q2> (21) 

p2/3 - .050 (1 + .949 + .901) - .143 

For a mine field with a density of 5 mines/meter: 

5 

5 5 

P5/7 * P5/6 
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must go through in order that a cleared lane will result? Up to this 

point, what percentage of casualties will there be for such an action? 

The method of calculating the probabilities for file formations 

involves an iterative process where each casualty reduces the field by 

one mine for the remaining men. For example, for a density of 2 mines/ 

meter (n * 2) and 2 men (m ■ 2), ?n/m of exactly two men setting oft' 

two mines is P2/2 or: P2 . ?! or Pi- This is equal to (0.098)(0.051) 

or 0.050. For three men, there are three possible combinations for 

setting off two mines: ?2 • • q0 + P2 • 91 • ?! + q2 • P2 • Pi. 

where q* (probability of not hitting a mine) « 1 - Pt. Since qQ * l, 

qi - q, and q2 « q2, 

P2/3 " P2 P1 (1 + 9 + 92) (21) 

P2/3 - .050 (1 + .949 + .901) - .143 

For a nine field with a density of 5 mines/meter: 

P5/5 * f P1 

5 5 s 
p5/6 * 77 pt ♦ 77 p! <*,*> 

' P5/5 + ^ pi «I*) 
1 a-1 

P5/7 * P5/6 + P" Pi (^b ) 
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P5/8 * P5/7 + ^ PI (kf k 1b -à 1*) 
1 c-1 b-1 a-T 

or, generally: 

Pn/m * Pn/m-l + ^ Pi (22) 
1 m-l 1-1 a^T 

where the number of summation "terms" in parenthesis is equal to (m-n). 

Results of the calculations are given in Figure 8. It will be notad 

that for a .90 probability of setting off all the mines in fields of 

densities 5, 10 and 15 mines, that 84, 93, and 103 men, respectively, 

are needed. 

At the .90 probability level, for the mine field densities of 5, 10, 

and 15, the percent of casualties for the number of men required to set 

off all the mines are 6 percent, 11 percent, and 15 percent, respectively. 

The application of probabilities in the preceding paragraphs assumed 

a random distribution of mines. Test of the probabilities of F11 was 

attempted using random number generation (Monte Carlo trials) of the 

mine locations. A regular stride of 0.7 meter was used to create a path 

through the mine fields. The results indicate that the probability 

calculations and the Monte Carlo trials are in approximate agreement. 

However, it is evident that the Aclyfl practice of laying mine fields 

is not by a random distribution or scattering. Deliberate spacing or 

separating of mines is practiced. Truly random location of mines, to 

correspond with the use of the probability formulas, will result in 

clustering and relatively large spaclngs at random between clusters. 
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Probability of Clearing All Mines In a Meter of Trace In a Field with Density 

o 
Figure 8 



Réguler spacing or separation of nines avoids the fonaatlon of tight 

clustering and open spaces between them. 

In a graphical lay-out exercise, when mines were relatively evenly 

spaced In a field, improvement In the number of hits resulted. Care 

was taken not to use even multiples of the stride length of 0.7 meter. 

For example, spacing between mines was attempted using 0.5 meter between 

mines. It would appear that for improving performance since Information 

exists about an average stride length that such Information should be 

used in mine emplacement. 

There is mure th*n one reason for separating mines as distinct 

from having them In a perfectly random pattern, which would contain 

uneven between-mine spacing« and clusters. For example, one other 

reason is the avoidance of sympathetic detonations. However, a perfectly 

geometric pattern such as a checkerboard arrangement la also to be 

avoided since an enemy may recognise the pattern for use in their rapid 

removal or location of mines. Keeping this in mind, an attempt there¬ 

fore was made to design a deliberate, well-spaced pattern containing the 

minimum number of mines for tne interdiction of a man striding through 

a field wit-h a known ave rage-stride length. The problem of ease of 

placing the mines, which is the problem of the direct labor coat (and 

minimum time), must also be considered. Even though the mine field may 

be deliberate and well-spaced to the mine planter, this same mine field 

should appear to be random to the enemy, that is, the enemy cannot 

recognise the pattern from his random approach. 
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A candidate for this optimal deliberate pattern was arrived at by 

examining the basic, mest compact coverage in a single stride~length 

area. The basic unit area into which at least one boot area must fall, 

unless the average stride of 0.70 meter is violated, is shown in 

Figure 9. If 18 mines, each located at the midpoint of an area, are 

packed solid in this area, then there is a 1.00 probability of a 

casualty, or .90 probability if the mine reliability figure is 0.90. 

Consider now that the relative positions of mines, as established 

by the Figure 9 geometry, is held but that the 18 mines are distributed 

iü depth la tfu. same meter ai trace. The same initial intercept proba¬ 

bility, as for the solid mine embedded area (Figure 9) should hold. 

Thus, 18 mines for the deliberately designed case of Figure 9 should have 

the same effectiveness as 44 mines for the randomly dispersed mines (see 

0.90 figure on Figure 3). 

A simple means fer olanclng 17+ mines/linear meter of trace for a 

10-meter deep mine field is to use a 10.2- meter length of tape, marked 

off every 0.612 meter * long its length. By using two marking stakes as 

shown in Figure 10, mines can be placed in the desired locations. 

Consider!!'® the random, relatively perpendicular approach of an insur¬ 

gent to the mine front, the mines should appear to be as random as the 

currently prescribed clustered planting of mines. Variations of the 

direction of the angle can also be resorted to, forming a "herringbone" 

pattern for a large mine field, also shown in Figure 10. Traversing 

the field exactly between two rows is the only possibility of missing 
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A. STRIDES I TO 14 ; AVERAGE EFFECTIVE BOOT AREAS, 

0.0396M2 

B. AREAS 15, 16, 18 ; EQUIVALENT BOOT AREAS 

C. AREA 17 = .82 OF AN EQUIVALENT BOOT AREA 

Figure 9 
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the minea and this feat will be exceedingly rare in occurrence once 

the tapes and stake marks are removed. 

It can be seen that the use of the probability formulas for 

randomly distribute^ items yield lower probabilities which are inconsis¬ 

tent with those for deliberate optimally emplaced mines. Thus, if 

complete coverages of a unit area (one stride length by one meter) is 

provided (or distribution of the same number of mines for complete 

coverage over any depth of field), the probability of no casualties, 

Pq(1), should equal one. Also the probability of no casualties when 

there is absolutely no coverage, Pr)(0), should ’ * equal to tero, as with 

current formulas. More seriously, the probability of initial Intercept, 

Pii or Pj is taken as: l"Poi that is, it is the probability of one 

density or number per meter (if one meter of trace is used,^> - n, 

the number of mines/linear meter). But, there can be only one hit or 

casualty per mine; one or more has no meaning in this sense. 

Considering the two limits now Imposed on 1'q, that is, 

P0(0) - 0 

r0(i) - i 
(23) 

One can postulate that 

P0(0 *0p*l) - (l-0f)e'0f (24) 

This relation can be derived in the usual manner as for the Poisson 

function (Ref. 1) considering that the constant of integration for Pq 

is not simply "1" when Pq(0) ■ 0, but that the constant is equal to 
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"(l-epr to satlify both conditlonB of Equation (23). When - 0, the 

"constant" is then exactly "1", but when there is full coverage, i.e., 

0|> • 1, the "constant" in the equation for probability of failure is '0'. 

Since there cannot be a multiplicity of successes or casualties for 

any one mine or one footprint area, there is only a P1 and it is necessary 

that 

or 

Po + P1 * 1 

p, • '-po 

(25) 

- l-(l-fy)e 

-l-e-ef + 0f. e-*f <26> 

Lastly, since the number of successes of casualties does not extend 

from 0 to« for one mine but is either 0 or 1, the use of the natural 

base "e" is not considered by the author as appropriate as the base "2" 

for this binary case. Thus, it is conjectured that 

p0- (i-efv 

Pi - i-2-0f + 0f. 
(27) 

For the cases consideren in this study, plots for Equations (26) 

and (27) are relatively close. 

A comparison is made of the use of Equation (27) with the original 

exponential form of Equation (11) in Figure 11. The Equation (27) is 

interpreted as representing the optimally-distributed mines making use 

of the knowledge of the effective footprint area, the average stride 
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length, «nd a neana for emplantlng mines for full coverage. On the 

other hand, the Equation (11) "search theory" type of distribution 

represento the probabilities for « truly random distribution of mines. 

Since current mine-laying practice uses a "randomising" technique la 

fia ãüiftllx IM Mimi. real-life probabilities of casualties 

may be somewhere in-between. In Figure 11, there is a third plot of 

casualty figures taken from FM 105-5, TAle XXXIII (Ref. 2). This third 

plot representing average field or experience data does indeed lie 

between the two functions described above. Very good agreement between 

the field expectations and our base 2 Equation (27) appears from 0 to 

0.3 probability. Above 0.3 probability, avstraight-line set of points 

seems to have been taken along a mid-course; intuitively, one may 

* question seriously whether a straight line would ever be obtained. 

The total system of a mine field consists of the mine field itself 

and the artillery and small-arms coverage of the same area. The mine 

field is ineffective and subject to easy destruction or breaching without 

weapons fire coverage. On the other hand, the mine field contributes to 

effectiveness of casualty production in an area where weapon fire is 

applied. Analysis of mine field emplacement has been covered in 

preceding paragraphs. Analysis of probability of hit and number of 

casualties due to weapon fire coverage is very similar and is included 

in this paper to contribute to the general rationale. 
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The major parameter ia the coverage factor, 0, which is expressed 

as : 

0 « N • —It • M • F 
A 

(28) 

Where N * Number of shots 

Al * The lethal area, e.g., the vulnerable and exposed profile 
of a man 

A = Unit area in which fire is delivered 

M ■ Number of men 

F “ An accuracy factor which varies with A^/A, but which is 
usually of unit value 

The probability of hitting M men, P(M), is also expressed as the 

fraction of casualties occurring due to the coverage provided, and is: 

P(M) - 1-P0 

At 
-N • • M • F 

- 1-e A 
(29) 

The density, 0^, of men, which is M/A, can be substituted in the 

equation and for F*»l, we get: 

*L P(M) - 1-e (3 

The expected number of casualties, E(M) is: 

m*l 

- M • P(M) 

(31) 
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And the percentage of casualties is: 

X(M) T- 
X 100 

-N • Du • At 
(1-e ^ L) X 100 (32) 

For the weapons fire coverage of a mine field, consideration must 

be given to the unit area. A, used directly In Equation (28) or in 

calculating the density, 0^, for use in Equations (30), (31), or (32). 

The usual use of an assigned area in which a squad, platoon, or company 

may be distributed is not applicable since there is a high probability 

that the insurgents will proceed more or less in a single file through 

a mine field, keeping an average Interval between each man for safety. 

An initial salvo of fire, because of the surprise element, may 

be expected to result in percent of casualties given by Equation (32). 

If the enemy elects to stay in file formation for forward or retreat 

movement, the preceding description of effect of mines applies. If the 

enemy deviates from the path, he runs the risk of meeting an Increased 

number of mines by a factor of /2/2, as discussed in deriving Equation 

(20). 

II. A BARRIER COST-EFFECTIVENESS MODEL 

The previous section provided insight and understanding for the 

field engineering and design aspects of mine fields and other barrier 

types. It did not, however, provide true measures of effectiveness 
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for comptarison of alternatives. The following paragraphs examine the 

problem of cost-benefit or cost-effectiveness measures. 

Reference (3) considered that tactical effectiveness of a barrier 

system is to be measured in terms of increased delay Imposed upon an 

advancing enemy, statable in terms of days of delay. Also considered 

was the concept of a "multiplier effect" whereby any delay to an 

advancing enemy provides additional time for the defender to lay down 

additional barriers through which the attacker must move. Although not 

stated, one must clarify what is delayed. This can only mean, in an 

advancing attacker-defender relation, the delay in time for the advancer 

to engage the defender in decisive combat--sma11 or large in scale. The 

defender wants to buy time before he is ready for an engagement with the 

attacker but, just as important, he wants to limit the forward ground 

advance or intrusion by the attacker. Por example, the defender (by not 

spending time on barriers) can avoid an engagement and gain considerable 

time by retreating at least as fast, or almost as fast, as the attacker 

advances. But for the considerable time gained, considerable territory 

will also be lost to the attacker. 

Before constructing the symbolic model for these qualitative state¬ 

ments, the appropriateness and practicality of a "barrier factor" must 

be examined. Reference (3) used the following equation from Reference 

(4) to calculate a rate of movement through a barrier sons (Vg) as 

follows : 
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(33) 
vn - -JL 

D S + VT u 

where, S ■ Depth of the barrier system or defensive zone 

V0 ■ Rate of advance without barrier but with opposition 

V - Rote of advance, without barrier and without opposition on 
open, flat terrain (cross-country rate). 

T • Time required to breach an undefended barrier (i.e., without 
opposition) 

The expression S/(S + VT) is the barrier factor used to modify Vq. The 

S and T terms are measurements or field determinations for the distance 

and time through the barrier system and the V term is presumably a 

free cross-country rate without barrier. 

To see clearly how these are related in Equation 33, rearrange the 

terms as follows: 

SV 
SL IfiL JL 8 s+” i+jl rrE 

s S s/T Vn 
(34) 

where VB, determined from S and T, is the rate of advance with barrier, 

but with no opposition. The ratio V/VB should be greater than unity 

being a ratio of rate of advance without barrier to the slower rate 

with barrier. Examples using certain data given in Reference (4) 

however make V/VB come out as a fraction less than unity. Further, 

there is a special case where Vq be equal to V. When there is no 

opposition, using V - Vq it can be shown by the formula that VB > VQ 

when VB should be less than Vq. Lastly, using the Reference (5) table, 

the directly calculated barrier factors for any specific force ratio 
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and differing degrees of opposition are not constant, hence Equation (33) 

cannot apply. 

In a search for a rationale that might have led to Equation (33), 

the "multiplier effect" possibility was considered. If the left-hand 

side cf the equation is recognized as an adjusted Vg, or Vg, then it Is 

clearly different from and less than the Vß In the denominator of the 

right-hand side expression. Further, the cross-country rute V Is In 

effect the same as the rate without barriers being present, that Is, 

V - V0, so that: 

V ' « B 
1 +ÏÛ 

V V 
.Q, £. 

Vg + v0 
'B 

v0 
1 

Vo 

(35) 

Since there is no question now that Vg/V0 Is a fraction leas than unity, 

the following expansion Is valid: 

It thus appears that a rate of advance through a barrier system, v., has 

been successively reduced by the multiplier effect to get an adjusted 

rate, V¿. The Equation (35) can then be rearranged to the form of 

Equation (33) so that It could be applied against any Vq rate under 

conditions of opposition but without barriers present. Since, however, 

the degree of opposition does effect the adjustment of the advance 

rate through a barrier, the use of the Equation (33) Is not strictly 

applicable as an across-the-board adjustment. It Is further recognised 
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now th*t the "barrier factor" of Equation (33) is an adjustment to 

account for the "multiplier effect" but not necessarily an adequate 

measure of the effectiveness for comparing alternative barrier systems. 

This latter purpose will be pursued in the following discussion. 

It would appear therefore that the direct effect of a barrier is 

simply, for VB and a correspouding V0 with or without opposition but 

determined from field or engineering measurements of Sg, Tq and Tg for 

a particular tactical solution, force ratio, and terrain type: 

and Vf _B 

TO 
(37) 

Barrier Factor, X ■ ^ (38) 

where subscript B indicates presence of a barrier and subscript 0, no 

barrier. Sg is the depth of the field or zone being considered and 

represents the distance separating the attacker and the defender. It 

is concluded that no formula can be used to determine a barrier factor, 

but the latter must be determined from field operation or engineered 

estitaates. 

The dynamics of the tactical situation must be considered. Previous 

discussion considered the attacker-defender interplay and the so-called 

"multiplier effect." The problem, restated, is to evaluate the worth or 

cost-effectiveness of alternative barrier systems, that is, systems 

where one sida finde itself on the defensive and wishes a delay in time 

and/or to inhibit the physical advance of the attacker. Different degrees 

♦ 

230 



of opposition by artillery and troops over a specified terrain and with 

different force ratios should be specified and held "constant" in the 

evaluation of different barrier systems (or perhaps no barrier system 

would be desirable). Delay, again, means the slowing down of the attacker 

in reaching a decisive engagement with the defender. 

Consider first that the defender does not elect to set up any 

barriers or obstacles, but retreats at some rate, VD, which is some 

fraction x, 0<x<l, of the rate of advance, Vq, of the attacker. If 

S0 is the distance separating the attacker and defender, when the 

attacker moves a distance Sq, the defender moves a distance of x Sq from 

S0 t0 ®1* attacker now moves up to and defender moves a distance 

x (Sj - Sq) - x(xSq) or x^Sq, up to $2. Eventually, because of the ever 

decreasing separation distances, the attacker engages the defender at 

Sn. The total distance traversed by the attacker is: 

SlA - S0 + (S! - Sq) + (s2 - + (S3 - S2) 

" S0 + xS0 + x2Sq + x3S0 + . 

“ Sq (1 + X + X^ + X3 +-- 

'+ xns0 

+ xn ) 

(39) 
1-x 

Similarly, the total distance traversed by the defender Is from Sj to 

(AO) 
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For both Equation» (39) and (40), x - vd/v0* ''k*1'* VD^V0’ the 

defender'» rate of retreat equals the attacker'» rate oi advance, x - 1 

and they never meet. When x - 0.9, the attacker catche» up with the 

defender at Sq/(1-0.9) or at a distance of 10 S0. Similarly when x - ^ 

the distance 1» 2S0 and when the defender hold» hi» ground, that is, 

x ■ 0, they meet as expected at a distance of Sq. Substituting Vjj/Vq 

for x, Equation (39) becomes: 

(41) 

Consider now that the defender elect» not to merely retreat bvit he 

engages in hi» two possible kind» of action: 

1. The area with depth Sq i« mined, booby-trapped, fenced, 

blown up, or torn up, i.e., strewn with obstacle» to create a barrier 

tone. 

2. Within the time available, which i» the sum of the original 

time the attacker take» to traverse the separating distance, Sq, and 

the H— gained bv slowing down the attacker's rate of advance as a 

result of adding the barrier »one, he continues to construct obstacles 

as he retreats. 

The defender now retreats not at the rate of Vp but at a slower rate, 

Vr, which is equivalent to his barrier construction rate. At best, Vc 

might equal VD but generally will be less because of the time and effort 

required to set up obstacles rather than go into a relatively free 

retreat or withdrawal. 
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The attacker moves through the barrier ïone with a rate, VB, which 

is equal to his original cross-country rate, Vq, reduced by the franlfiX 

factor, y. That is, VR « yV0 or y - VB/VQ. As before, for Vq, the rate 

of advance VB is determined by the attacker's mobility, his force ratio, 

the type of terrain, and the degree of opposition from artillery and 

other non-barrier deterrents. 

The total distance the attacker moves through the barrier (B) tone 

until he can engage the defender is now: 

(42) 

/ 

where z is the fraction of VB that is the defender's rate, i.e., z - 

VC/Vb; or if VC>VD, z • VD/VB, then: 

Since the distance traveled through the barrier zone by the attacker 

up to the point of engagement is known (Equation 42) and the distance he 

would have traveled if no barriers were constructed under a free with¬ 

drawal or retreat condition is also known (Equation 41), the tidtifigd 

penetration by the attacker (or miles galneô to the defender) due to 

the presence of the barrier system is the difference, thus: 
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Mlles of Reduced Penetration • * 5^(8) 

(44) 

This Is one objective of constructing barriers and the greater the value 

of Equation (44), the more valuable will be an alternative barrier system. 

Again, the total distance S<£a(B) of Eouatlon (42) la known and la 

easily used to find £hl. ti— of travel through the whole barrier system 

up to point of engagement. Thus, 

(45) 
B 

If no barriers were present In the distance 8^(8), the attacker could 

advance at the faster, unburdened rate of Vq, or 

s-4 (B) 
T0 - <M 

It now becomes clear that the £lag. gained by the defender due to the 

barrier alone Is the difference of Equations (45) and (46) as follows: 

Tim. Gained - TB - T0 

0 

(47) 
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This is th« second objective of constructing barriers and the greater 

the value of Equation (47), the more valuable will be an alternative 

barrier system. 

The two benefits, described above, can only be obtained at a cost 

of installing a barrier system. The appropriate cost here would be the 

incremental cost to the Army and this is essentially the cost of materials 

and items used in the barrier. That is, once used in the face of an 

advance by an attacker it is reasonable to assume that the materiais are 

lost for future use and must &£. replaced in the Army inventory. Further, 

men and man-hours of effort are not appropriately incremental costs and 

are excluded. The recommended cost-effectiveness or cost-benefits model 

is the product of the two benefits and is therefore: 

Expanding and rearranging terms, 

W 
í¡2 (■! - V ) (V V - VV) 

Q 0 B7 V B D VqV 

D V0 <V0 - VD) (VB - Vc)2 
(4») 

Equation (49) can be further simplified if use is made of the 

previously defined ratios, x, y, and z which are 'epeated as follows: 
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1. x- VD/V0 • Ratio of ratraat rata %• attackar'a zata, without 
barrlara. 

2. y - VB/V0 • Barrier Factor, ntlo of attacker's rata through 
barrier systeai to hla nte without barrían. 

3. z - Vç/Vj • Ratio of barrier construction (or ratnat) nte to 
attackar'a rata through barrier syaten. 

Using thasa ratios, the following Is obtained: 

si (l.'.JÚ (l " l), 
(1 - «)5 DVn y (1 - x) 

(50) 

For any scenario, given the force ntlos, type of ternln, and 

degree of opposition of the defender, the ntas of Vq and Vq and Initial 

distance Sq sepanting the forces can be estlaated and these renaln 

Invariant In evaluating alternative barrier System using Equation (50). 

Three peramten only need be estlaated for a barrier systea. First, 

the replacement costs D for all mterlals and Item used. Second, the 

rata VB to which the attacker has been reduced by the various obstacles 

In the barrier systea. Third, the rate Vg at which the obstacles can be 

created or eaplaced”-which Is assuaed to determine the rate of withdrawal 

or retreat by the defender forces. 

Equation (50) then Is a cost-benefits or cost-effectiveness masure 

In units of reduced penetration distance—gained tine per dollar invested. 

Alternative alna fields or barriers can be compared In term of the very 

objectives postulated by both the user and the budgetear. 

# 
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QObT-ÏFFKGTIVïNESb ANALïblb OF THX 
TKRRAIN-VKHIOLX bïtlKM 

by s Mr. John A. Siltra 

U. S. Army Tfink-Automotlva Commend 
Worren, Michigan 

ABLT.TACT 

Thio raport outlinao tha mnthamntloal tarrain* 
vehicle analysis currently being employed by tha 
Economic Engineering Brench of tha U. I». Arngr Tank- 
à'itomotive Commrnd, Werren, Michigan, in its coat- 
performance studies. It includes s series of coam¬ 
ents which describe the deficiencien of the model 
end make suggestions for improvements. It alao 
describes the type and form of terre In dote, 
presently unavellrble, which is needed to make these 
studies more realistic. Three new measures of vehicle 
quality are Introduced; these are measures of per¬ 
formance, utility, and cost-effectiveness. 

Introduction 

Vehicle effectiveness must be analysed in relation to the 
medium in which the vehicle operates• The design of aircraft 
requires knowledge of aerodynamics, and the design of water¬ 
craft requires knowledge of hydrodynamics. Similarly, the 
design end evaluation of ground vehicles requires knowledge 
of terramechanlcs. Terrain is a much more complex medium than 
the other two and has great variability, requiring vehicles 
designed for different types of terrain to be differently 
configured. It follows that in order to evaluate vehicles 
for specific off-road, missions, one must have detailed terrait 
data available. 

Terrain Model 

The mathematical terrain model presently used by this 
office Is described In Table 1. For each obstacle, Its average 
extent Is given (length only for linear obstaclesj length and 
width for square obstacles), Its density In the terrain in 
number of obstacles per square mile, and Its maxima sise or 
limiting value. This model Includes only a sample of the 
obstacle types which would occur In a real terrain, and mat 
be considered hypothetical. Items 1 through 5 are Illustrated; 
the others are considered self-explanltory. In the following 
sections, the length and density are used to calculate the 
probability of encounter, and the maxima size or limiting 
value is used to calculate the probability of overcoming the 
obetaol* 
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TsbU 1 (Figur« 1) - TKUttlM MODU. 

UMAR 
OBbTACUb 

LSNOTH 
(feet) 

DSMbXTÏ 
x#/«q.ai.) 

HAXlffflM 
blZK 

1. Step up 
or down 

2. Bump 

3. Ditch 

k. Rldge- 
trenewere« 

5. Ridg«- 
longitudinal 

6. Turning 
rediu« 

500 

200 

500 

1000 

1000 

1000 

.12 

.04 

.06 

.03 

.03 

.02 

30" 

22" 

24" 

60° 

60' 

23 ft. 

frvrWrr' 

i-ScL. 
^ jm^xÿr* .r/;\ pt* 

I-L_ 
SHUARS 

OBbTACLEB 
AXTAUT 
(ailes) 

DENSITY 
(#/«q .ai. ) 

LIMITING 
VALUE 4- 0=01 

7. Soft «oil 

6. Veter 
oro««lng 

0.5 

0.1 

.033 

.10 

E-2 

56" 
depth 

Mathematical Analyela 

1. Th« probability of or«r.omlng an obataol« of tFP« t » Ö|» 
1« oalculatad different ly for th« dlff«r«iit typ«« of obetacl«*. 

a. For ob«tacl«B of types 1, 2» 3» t» 5» «nâ 8* tbi« ««lu« 
i«' 

p ▼«hlol« performance 
MÍt rfTi—" of Qbflteela 

b. For th« turning radiu«, it«* 6, tbi« «alu« lat 

^ aaxlmu radiu* 8tllrtA 

o. for th« ■oft-ioil ob«taol«, it«« T,. th« itílí« 
of I- 2 i* §ÍT«n ln Tabl« 1. Th« opp°«lt«li«iti. tatontob« 
a «alu« of 1-=-10, a roasona^r hard «oil ««tall JJhiol«*«» 
«asily n«gotlat«. For th« oth«r obataol««, tb« JPPOjite liait 
va« *«ro, and did not app«ar in th« «quatlOM* For It«* T tn« 
•quation i«t ^ 

In .11 ««.. th.r.lJ. of i" ivEÄLli iSLSiüü' 
Utod T.l« «eood. V. »< 1. «líont 
. uniform dUtrlbuUtm of O» obrt.olo ol». !» *? 
•implify th« following analy«!«, th« ▼•hielo i« oonttr«in«d to 
a «traight lin« path. 
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2. 
It Atpaiidaxit upon lit contour* At aunt that thla contour can b» 
approximated by an «Xllpat* 

Than, if tha obstada is approached at an angle @, it present a 

Assuming that tha orientation / 
of such obstacles la random* sf 
and thus that they might be S 4-— 
approached from any aspect \ 
eith equal probability, we \ N 
would like to know the are- \ 
rage dinenslon of the obstacle N D 
across the path. This may be K/ 
found by integrating the \ 
following expression: 

filis integration produces: 

Ki Lf ^ E ^ t-i^i t1) 
where tf * 

is sn Mobxi 
ratio." C 

second kind. A table of this function can be found in most 
mathematics handbooks. Note that if the obstacle is perfectly 

1» »nd 
to 0.6366. 

(2) 

n 
nil * or 

where Rl is the probability that should one obstacle of type 
i lie in the terrain it will bo encountered, and Itr is an 
arbitrarily asaunad width Of terrain available for the ni salon. 
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3* Actually, there it not on* obstacle of typo ^ In the 
terrain, but N| such obe teclee, where t 

Ni m Mu/Df (3) 

M m mleslon mileage. 

ecr»width of mlBBlon area, aa aberre. 

Ojesdenelty of obstaclea of type a per equare mile. 

We are interested, then, in the probability of encounter¬ 
ing j of the Niobotaoleo, and this ist 

Pc¿j *Peí 1 5 î (A) 
Since encoxintering zero to Ni obstacles exhausts all possi¬ 
bilities, it in necessary that the add up to nlN, and 
using the binomial distribution above, 1.(118 is indeed the case* 

We are also interested in determining the probability of 
successfully overcoming obstacles, should 3 obstacles be 
encountered. Again, by a binomial analysis, this 1st 

Rii - ( Í) Po^O - - Ra1 (s > 
4. The next step is the evaluation of the probability,of 
success of the mission, should only obstacles of type ¿ be 
present. Gall this P*i. This is equal to the probability of 
encountering no obstacles of type t , plus the sum of the 
probabilities of encountering each number of obstacles up to 
N { , times the probability of overcoming that number cf obsta- 

~ Pe*o + fsilfoi + pB.il R>? + * '* 

(6) 
Mote that this expression la equal tot 

-¿cw&p-Vc-^ 
which, by the binomial theorem, la exactly equal toi 

=[p«tp.t- o-p^T1 

-D-Pei 0-P.^]N£ 

ei-D-PeiG^ar04 
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How, it Ip In our interest not to hawe to assign an 
arbitrary width of path, llt, and this can be done by making 
U-r- arbitrarily large. In order to do this, we must restate 
exprension (4): 

As UJ becomes very large, these binomial terms may be approx¬ 
imated by Poisson terms: 

= E’S- n) = (a) 
In our nomenclature : n-=*N¿ , and */n — fí ¿ • ßubstitutlng 
equations (2) and (3) and solving for X » results ini 

Xä MDiLiTi 
Since Mi becomes arbitrarily large with uft expression (6) 

(9) 

becomes : co s 
Si 

î 
Jmo J » 

and, since X is independant of 3» 

p. ^ e~xjt 
^ e is nr 

This can be readily summed tot 

» 0“^* ss md¿Lji ry(10) 

5« Next, we assume that all obstacles of one type are 
Independent of obstooles of another type. This is reasonable 
since obstacles of different types, if properly defined, are 
not likely to overlap or coexist* Therefore, the probability 
of successfully completing the mission ist 

H-TJp* 

„ Ug-MD/Un Cl-P.0 

„ i-M^DjLjrvCl-P.*} 

rM“Js 

wherei 

P» « [e 

s= TDjLjrj 0-P.O 
b . * 

(11) 

(12) 

This 5 can be considered a "measure of performance" of _ 
given vehicle in a given t '*raln, independent of mission 
length, !■ dependent on mileage and is therefore a lees 
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useful maaBur#. Not# 
and lita batwaan zero 

that puralj a ndlaaça function 
P* riaaa aa S and ona. Tharafora, _ 

dropa, and tha superior vehicle will have the lowest S value. 
3 contains every factor fron the terrain model and la an 

abaolute meaoure of tha terrain-vehicle match. 
A measure that Includes cruising rança may be astabilshad 

by calculating tha area under tha probeblllty-of-euooena curve 
from aero miles to tha cruising 
range. Mr* (°** Figure 3) 
This quantity may be called a 
"measure of utility"! 
and is equal tot 

u 

u 

-I V"s dM 

u = 
l-e- 

• MS 

(13) 

This quantity has the dimen¬ 
sion of miles. If it is 
divided by the result Is 
a dimensionless quantity lying 
batwaan aero and 
tempting to call 
bebllity 
wherei 

ona. 
thii 

of utility". 

It it 
a "pro- 
Py » 

i- e~McS 
MCS 

M»LE5 

FiGupä 3 

Actually. Pu is an average of the probability o¿ ouc.'se curve» 
as shown in Figure 3. However, Pu has one self-defeating 
defecti if two vehicles have identical probability of suooess 
curves, then the one with the greater cruising range will have 
a lower P0 , which is contradictory. The quantity U lacks 
this defect, and is therefore prefered, even though It has a 
dimension. Mote that 1® this oaae, the superior vehicle will 
have the greatest value of U • The quantity U mJ «»Itl- 
plled by the cargo oapaolty, 0e , to produce a measure which 
Includes this factor. 

6. The foregoing has been besed on nobility performance alone. 
In a real situation, wo are interested in determining hr.? many 
vehicles will have to bo sont on e mission to deliver a specified 
cargo to a destination. For a 10# cross-country mission, this 
la equal tot 

Go 
GcR, 

n*>' 

V 9 number of vehicles required to be sent on the mission» 
fully loaded. 
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GqS cargo to bo d«liv«r«d (tone). 

Gcaacargo oupftoity of th# ▼•hielo (tone). 
probability of Buoc«BBf as baforo. 

Slnoo thia aquation producás a fractional valuó, tho noxt 
largar intogral numbor of vohloloB 1b takon. This numbor of 
▼ohloloo can bo plotted vorsuo misclon mllos ae in Figuro 4. 

Tho railoagoB at which tho 
numbor of vohloloB changea can 
bo calculated by inventing 
•quations (11) and (14)> 

,UJ 
I w M = Go 

s i°3' Gtv (15) 

1¾ 

'5 
!° 
I 

MILEAGE. 

■p»GuRt 4- 
Mc 

whore M 1b evaluated for 
Integral values of This 
graph will bo terminated on 
tho right by tho vohiolo's ' 
cruising range. 

7. Tho previous information 
provideo a framework for logis¬ 
tic decisions, but those who 
must decide between vehicle 
programa also require informa¬ 
tion on cost. Costs are of 
two typesi one-time hardware 
costs, which must be amortized 
over the vehicle life, and 
operation and maintenance costa 

which are usually stated on a per-mile basis« 

a. Amortized costs 

1) If a vehicle 1c programmed for a production of \Z0 
vehicles, and this total initial program cost ia $0 dollars, 
then $b/Vo6i™® * program cost per vehicle. If the 
vehicle averages of operation until it ia due for 
overhaul, then represente an amortized cost per 
vehicle-mile for this initial period. Similarly, Si/V(H\ 
gives this figure for the period from first to second over- - 
haul, where ‘Sj^ooat of the overhaul program, Vi*number of 
vehicles overhauled, and Mi*the average mileage to second 
overhaul (usually 75% of the flret figure). If each of these 
costs is weighted with the number of vehiolee involved, and 
the vehicle Is good for TV. overhauls before its life ia ended, 
then the average initial-and-overhaul cost per vehicle-mile 

»rges »•* Ä ^ 

r d«» 
'I** N/fl* 

I 
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2) Th® parta support for vahiol® maintenano® and 
overhaul usually appearo aa a aeperat® procram charge 
under th® hetólng of "lEMA Secondary * Army Stock Fund. 
This charge» muat be anortlsed over all of the 
vehlcle-mllea. Therefore» this coat per vehlloe-nile 
appears aai 

r ----¾- (17Î 
p V, M o -V V M t --rV-nMvz 

3) If any of the vehlolen or parta are salvageable 
or salable after they have been phased-out, then thlo 
program salvage-value, ¢)¾ » should be smortlzed in the same 
manner as the provlous charge: 

_3½_ 

Vo M0 -*■ V» M k -r • - - 4- VnMv: 
(18) 

b. Operation ic Mrlntonance costn 

1) Fuel and oil consumption are usually expressed In 
mlles-per-gallon and mlles-per-quart, respectively. These 
costs per vehicle-mlle are, then: 

r S/Gal (19) 

MPG 

c %/Qt 
MPQ (20) 

2) Scheduled and unscheduled maintenance are expressed 
as a maiming-Index (maintenance man-hours per hour of oper¬ 
ation) , lyn* This 01101 wasted by the average vehicle 
speed, In mlles-per-hour, and the average charge for 
maintenance, In dollars-per-hour, to produce th# mainten¬ 
ance cost per vehlole-mlle: 

C » ¿a . $/Hb <»> 
Expressions (16) through (21) may now be combined to produce 
the total amortised cost per vehlole-mllei 

■TOT Ci^^Cp-C* +Cf*Cl+ Cm (22) 

When this Is plotted as dollars versus miles for various 
umbers of vehicles, a series of straight lines projecting up 
rom the origin appears, ar. In Figure 5» , . . 

Sufficient Information has now been accumulated to 
«termine mission cost. Using the data on number of v«jleles 
rom Figure 4 and the data on coot per vehicle-mlle fron 
Igure 5, e single graph of mission oost may jj 
umps from one line to another each time an additional ehicle 
s required. This is illustrated in Figure 6. 
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8. Vie may now devise a final measure, which can be termed 
a measure of ,,cost-effectiveneoD,,. Call this V/e would 
like to proceed as in Section 5 and calculate tue area under 
the mission cost curve in Fisure 6. However, this curve was 
produced from the following equation» 

S’mis ==-^tot — ^tot [£\•*" ^|M 

where the double brncketc denote "the greatest Integer in". 
This is a discontinuous function which is tied to the delivered - 
load, 0Q. For convenience, we shall permit fractional vehicles 
and revert.to the continuous function, expression (14), By 
doing this, we are confining our interest to the area under the 
smooth curve in Figure 7» We may now divide out (¾ and M to 
produce a cost per mile per delivered ton: 

Ct&t _Ctch- 6mS 

G© M Gc 
This relation is a function 
of mileage, and produces a 
non-linear curve (Figure 8). 
It might be thought that the 
value of this function at 
the oruiring range, Mc» would 
be a useful measure, but this 
is not so. The curves for 
two different vehicles may 
terminate at the same point, 
and yet not coincide (see 
Figure 8)* 

We would like then, to 
derive an average cost per 
mile per delivered ton and 
call this our measure of 
"cost-effectiveness", X , 
This is equal to: 

Figurb V 
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MILES ^ 

PlGUP.C. 0 

Mc 

= ^-•'"ren- çeMcs -• Is) 

GeMeS 
Tillo X In noraewlint lor.:; than 
the true overage by the nor- 
cer.ta^e Indicated In Figuro 7, 
but rince all vehicles will 
Puffer a similar percentage 
drop, a ratio of two X's 
will still produce a realistic 
measure of 'Improvement". 
X, then, co italns all of tho 
factors we hove previously 
considered ard Is Independant 
of delivered xoad and mllease. 

bUGGStTIONS FOR FURTHER WORK 

1_? rolnto t0 terrain modela» commenta 10-12 to 
ïn Sendai!"' """ COra,rent0 13 4 14 t0 ^thÎmatlcîl mo^ell^10 

1) There could be established for each tv ne of o>>rf„,iÄ 

Informatlon^about^the^ contl nilt^of^obotaole^of^iffer^nt1'* 
ü^1"- ^ taowlLse õf tho iS 0». 

connldorort S,’ around. Ivo obotoclos »oull be 

thon îho width iíhuÍÜ ÍUtono* 
in "contiguity funotlono“ q;b - O^. “¿!I% 

fDtííí'thU°ahtJriUO,f“1^i,sureSo”^hS^* ^»uílífmitíi. 

ot0tCSJb«bmtíhbrítnT‘S.i=1''^<ítf^',3"l Pnamlng «oldïno. 

the lesser of those two; on one occasion obstalîï A ¿av 
more formlde.ole; on the next occasion, obstacle B may S'iem so 
In other words, no one obstacle tyne woulu always be Avniñ«^ * 
unless It were always Isolated and sur^undîd bJ unlmSIdiS^* 
group*. This probability of avoldaiïî Sîît^e ïn^ïif îïto th. 

ln Buch Ä mnn9P »® to produce tho followiiw 
results: first, tha total amount of terrain avo*labia for the ^ 
mission will be reduced if obstacles of one typi are avoïdîï 
and consequently tha probabilities of enownteïinî îbetacllî’ 
of all other typei will increase; second* the misrion oath win 
ohanç* from .trrtght to .inuou.,W th.«fo« 
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will increase. Also, the probability of encounter developed 
here will become uceleoe, eince it ic baaed on a straight-line 
vehicle oath and a linear presentation of the obstacle aeróse 
the path, A now probability of encounter will have to be 
devised on an areal bools, ta'clnc into consideration the sin¬ 
uosity of the mission path. 

2) Another improvemont would be to establish for each typ» 
of obstacle, the spee«1 st which the vehielo can traverse It. 
Thio would sid In doiermlnln-5 the total time required for the 
mlcrion. 

3) Aloo, it would be desirable to know the JÍ-slip pf the 
vehicle's wheels or trocko over the various typos of obstacles 
and terrain which It will encounter. This would allow deter¬ 
mination of tho mlsrlon mileage "seen" by the engine, and permit 
a more accurate analysis of fuel consumption, note that the 
streicht line mission mileage, [V] , because of avoidance la 
leùo than the actunl mission mileage, VVv, which because of 
slip is less than the mileage 3« en by the engine, which 
cannot be greater than the vehicle's cruising range, Me. 

Thus i M V M ^ <1 Ml (r ¿z Me « 

4) A discrete or continuous distribution of the obstacle sice, 
rather than a simple maximum size, would permit a more accurate 
determination of the probability of overcoming the obstacle type. 
This distribution is moot Important for the soft-soil obstacle 
type, as It directly effects speed and slip. 

5) A more realistic classification of obstacle types is 
necessary, and Indeed what constitutes an obstacle must be 
clearly defined. Some real obstacles art not included in the 
model and should be, for instances the copse, or and of trees. 
A copse of small diameter hickory might solidly Impede a vehicle, 
while a banyan copse, with its aerial root system, could easily 
be knocked aside. The factôr defining r copse, then, is not 
stem diameter or growth pattern but "pushover force". This 
eliminates consideration of type of growth, and prevents the 
establishment of several obstacle types when only one exists. 
All obstacles must be defined in terras of that quality which 
obstructs (a vehicle). From this viewpoint, a ridge is not 
one obstacle but three, Its flanks being distinguished from 
its crest. Flank negotiation depends upon the vehicle's grade 
climbing ability on the up-slope, and upon breaking ability on 
the down-slope, whereas overcoming the crest depends upon tha 
vehicle's break-over angle. In general, Up-slopes and down- 
sloran will occur in equal numbers in the terrain, so direction 
of travel Is irrelevant. However, the terrain may have a pro¬ 
nounced slope in the large, oa in mountainous areas. In this 
casa’f tha distinction is very relevant, and measures of vehicle 
effectiveness in several directions murt be astabilshed and 

then averaged. 
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In ronr.y casfis, ? rombination of two obsUflr 1 <■* types will 
be worse th-*.*. either separately. "Soft-soil-pl'»«-eopFe" is 
one such synergistic compoundj "soft-soil-plus-np-alope-pius- 
water" is another, as investigators of river eg» css know. 
Many of these compounds need to be considered as separate 
obstacle types. Other combinations, such as "bump plus 
water" (where the surface is hard), do not exhibit synergism 
and need not be considered as separate t/pes. Still other 
compounds exhibit antagonism, the combination being less 
obstructive than either separately. "Soft-soi1-plua-down- 
slope" is in this category, since the elope provides a 
forw-rd vector in the soil and the soil aids in braking the 

vehicle. 
It is important to realize that obstacle types form 

continuous spectra, and distinguishing one from another 
requires information about the class of vehicles being consid¬ 
ered. For instance, a "ditch" would be distinguished 
from a "step-dowr." followed by a "step-up" by being shorter 

across than the vehicle wheel-base. A "chuckhole would 
be distinguished from a "ditch" be being shorter transversely 

than the vehicle width. A "bump" would be distinguished from 

a "slope" by being of less height than the vehicle's wheel¬ 
base. "Soft-soil" would bo distinguished from a fluid medium 

on the basis of the vehicle's buoyancy and ths method of 
propulsion used. The number of obstacle types which muse 1># 
established depends upon the tortuousness of the terrein. 
In fact, this might form a basis of a logical claaslficaf-.*».*. 
of tarrains, with an infinite concrete ped at one extreme, 
and certain sections of the Colorado River basin near the 

other. 
It should be understood by now that the monel described 

at the beginning of this report is grossly inadequate. 
Better terrain models are most urgently required, and these 

modela could be built along the lines described here. 

6. At least three types of water obstacles exist; Thaae aro* 

still water, water with a strong steady current, and turbu-enc 
water with whirlpools. These differences would affect a 
floating or submarining vehicle more than they would efface a 

fording vehicle. Here, the vehicle'a ability to tack against 
the current or cleave through turbulence becomes important. 
These actions require engine cherecterietice which ere quite 
different from those required on land, ao the engine in e goof, 
amphibian will be a compromise, if high water epeed is desired. 
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Tn® transitional zone between land and water ir a different 
■tedium from either, although it partakes of the ^Aracteriatica 
oi both. Anv auphibian, which must pass tnrougn tnis zone, 
must have fcnturea which are not required on either land or 
water, auch as highly efficiently grousers, deep tire lugs, 
a winch or jet assist. It ia an unhappy experience watering 
a vehicle, which is good on both land and water, trying to get 
fro* one to the other, when it has not been proper^ designed 
to oo so. This zone ia mora critical for a fording vehicio 
wnieh actually continues to oparate on surface when suomergod, 
and therefore has two transition zonesj at tha upalope from 
the bottom, and at the water-air interface. Also, a sub¬ 
marining vehicle can vary its buoyancy so as to swim enter 
and leave the water either as a forder or floater, which ever 

the aituation demand». 
This discussion should clarify the nature of these cynes 

of obstacles. The soft-aoil-plua-water of the transit lona, 
zone is, to some degree, a aynargiatic compound to all venicles 
whereas the soft-aoil-plus-water of the bottom affects omy 
fording vehicles, and ia not usually aynergiatic unleaa cha 

•oil ia • loos# silty muck. 

7. Further information is needed about the terrain left 
over (after all obataclaa have baan conaidered), the hard 
unimpeded terrain. The power spectral densities of this 
ground surface would aid in determining vehicle speeds. Tr.a 
amount of aloping ground, aud tha diatribution of slope ¿r.gles 
would also help. Hare acme finaaaa is required, for certainxy 
slopes ataapar than some critical angle conatitute a type of 
obstada. What this critical angla might be would have to 
depend on the class of vehicles being conaidered. (Of course, 
•lopea can exist in aoft-aoil too, up to tha angle of repose.) 

8. It would be easier If the extent of all obataclea wer« 
expressed by an average beat-fitting ellipae or at least 

that average lengths and widths be given. 

9. Finally, and moat important, the average extents ot tr.e 
various obstacle» time» their nusbera (aa determined from 

• densities), plus the amount of unimpeded ground should add 

up to 100% of the terrain. 

The foregoing nina commenta ara addressed to those 
interested in conatructing terrain modela. The ;ollowir.g 
three comsenta ara for vehicle designara and project man&gera. 



IC ln order to perform a vehicle analysis for a specific 
terrain model, tnere must be ■ datum available .o> the vehicle 

to correspond to each datum for the terrain. In other words, 
t .0 vehicle oesigner or project manager must provide an accurat. 

estimate of his vehicle's expected performance on each type of 

obstacle defined in the terrain. These «timste. must be 
oocumented by test data. Our terrain model, also need to be 

supported by field surveys. 

11 If a vehicle has special features which, in the opinion 
of*the designer or manager, enhance its performance, then it 
i* his responsibility to quantify the value of these features, 

so that they can be included in the mathematical model 
analysis. Opinions or judgements may seem compelling to their 

supporters, but do not fit well into ana^sis. 

12 There is a definite need for more work in the area or 

relating vehicle geometry to terrain geometry. Such work 
would allow a mathematical aoproach to assessing vehicle 
performance over different types of obstacles, and would aie 

the designer or manager in providing this data. 

13. This report is meant as a format for a cost-effectiveness 

stùdv of a logistic vehicle, in the absence of supporting 
venicles and hostile fire. Therefore, it does not consider 
force ratios, kill-probabilities, or weapon effectiveness, 

which are properly in the domain of a tactical vehicle. 
However, logistic vehicles are sometimes put to tactical u-e, 
oft>n unintentionally, as in guerrilla engagements, so a 
discussion of these factors is pertinent. It is possible to 

introduce enemy soldiers into the analysis as a type of 
obstacle with a certain density in the terrain. Of course, 
this particular "obstacle'' is mobile, and tends to concentrate 
in the vicinity of the vehicle, so the density would have to 

be modified by a "mobility" factor. The "extent" of this 
obstacle oeoends upon the range of his weapon and the o^her 
obstacles lying in his line of fire. Note that contigu.ty 
functions in this case approach 100%, making him difficult 

to avoid. His "maximum size" is his firepower, and again a 
distribution for this value is most important. The vehicle's 

ability to "overcome" this obstacle depends on its armor 

protection and weaponry. The mobility for this type of 
obstacle might be determined by the methods in tnià report, 
substituting a man f;r a vehicle. A similar interpretation 
would be applied to other types of obstacles in this category, 

251 



auch ••* çro.ip-of-enomy-ao] di er», *mew>y-v»hirle, #*n«ny-f ic i.c- 
- piuca, etc. Another type of obat«cle is * mino, «mich 

fortunately ¿cea not move around. In this cane, the maximurr. 
else la ita exploa ive force, and ita extent aepends upon now 
close the vehicle must be to detonate it. The probability 
oi encountering thia obatacle would have to be modified, 
aince the placement of minea ia hardly random. All of these 
data must be eupplied as elements of the terrain model; tae 
mathematica can be adjusted to accomodate them. 

14. One final item* "perception" plays a key r-'le in the 
encountering of obstacles. The recognition that an obstacle 
exists and is insurmountable rests upon the sensory discern¬ 
ment of the driver, or the optical and electronic aids which 
he employs ¿or this purpose. Bumps and chuckholes are 
difficult to see in heavy grass. So are enemy soldiers hidden 
ir. the foliage and buried wines. Of course, terrain 
irregularities can be detected with low-range radar and bodies 
with naar-infrared equipment, ao parceotibility dependa very 
much upon the vehicle's apparatus. Thia factor should be 
introduced aa a modification of the probabilities of encounter 
and avoidance. 

Pinal Mota 

The methods daacribad in thia report must bo considered 
tentative. Its purpose ia to atiaulate interest in the . elc 
of terrain modal construction, and to direct this interese 
into those areas that would be of greatest utility to z:.a 
mathematical analyst. The analysis of terrsin-veniclo systems 
should be recognized as a distinct and important discip^ne 
within aystema analysis, one whore relevant data from tne 
physical world can be effectively used, if it is made available 
in reasonable quantity and in a usable form. These analyses 
must continue to be based on aaaumptlons and hypothetical 
modela until detallad modela of real vsrrain become available. 
Theae modela would be of value not only to the military, out 
to anyone who must use off-road vehicles. 
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mg* gamou SIWUHOM > A «mCAI IVALUATION 

Mr. Clayton Thomas 
Unitad Statas Air 7orca 

tak. ! V * *" 4udl-nc* Participation show, I will try not to 
about ï * ï* "! 0Wn blâMB* *l,ld of *l*ulation '1 am talking 

it ÎÎ7! í*0?í* lMni tTOm th* Blbl* th4t ycu’r« for aomathing or agalnat 
Ovarii Mra Í.ÕM.t Pr#,#td ?" ü# thr°U<h “ nVri™* ln Girl Scîutlng. 
th. î Î*j’i Î * P*rty ln honor of 4 Girl Scout official, 
¡ïîtîll i^L^1*4’' ,U,,t 0f h0n0t '»"«»«.«d h.r att.ntlon on thl 
hürtiS. L '5* "*« you on. of th. pro-Clrl Scout 
Îïtï“«lÛI. î, L “tl-Clrl S"ut hu.b.nd.T" (ctv.n th... cl..r cut 
aitarnativaa, It suddanly occurred to me that maybe I was "anti.") 

to d.Hn!U?!t#1T¿/°Tb? f0r °r **aln,t •«■•thing, you don’t have to be able 
Î 1 ne ïhl’ 1 leafned fro® General Max Johnson, now retirad and 

üíiiiíÍlívVf M^h? and W°Ild Ä#POrt• Ab0Ut t#n yMr' 110 at on* of th# 0í,Mlchí«,n ■«^re on War Gamirvg, General Johnson remarked. 

No! I-ríô; "i* q Î* §Ur! WhÄt thlS War GMin* i#* but I,m f°r It." * I ■ not quite sure just what Ben Tancer had in mind by Urge Scale, 
Hon-Unear Simulation when he organised this aeseion, but In the Interests 
of a lively discussion, I have agreed to be agalnat it. 

Seriously, 1 think we should recognise first of all that it Is almost 
impossible to solve the semantic problem. The British analyst, Tocher, gave 

vary good presentation on simulation lag* summer In Boston at the 4th IFORS 

Î* Tnt thr0U|h 411 of the propoaed definition, 
that he had heard or could think of, showing that none of these was fully 
Mtisfactory* 7 

ÎÎ Bl!îd t0j«y When 1 LM maütlgft. however, 1. fairly well 
characterised by the phrase computer war gaming.*1One of the early prote¬ 
in* ^Îî*1 **ny 0Í Ui in th* Alr Force first came across was the RAND Stra¬ 
tegic Operations Model that came out in 1957. Similar models have been 
developed by virtually everybody now, at all typee of agencies, not only in 
t,e strategic area, but also in the areas of tactical forces, airlift, etc. 

Rather than trying to give a precise definition, I would like to capture 
the spirit of simulation. Here some remarks that Marvin Schorr made yester¬ 
day on the creative aspects of operations research are suggestive. You 
recall hia analogy of rapturing the essence cf a field of grass with a few 
ïw !£l0k?- °! th4 »»rush. To extend his analogy, it ..em. to me 
that the aim of much large scale simulation is to draw every blade of grass. 
For some purposes, this may be good—e.g., to give a realistic reminder that 
there are problems like crabgraaa—but for many problems it is probably 
unnecessary or even self-defeating. Yet this urge to complicate seems to be 
an almost irresistible aspect of the spirit of simulation. This point was 
;U“4*r4t4d bT * conversation I had last year with an analyst of RAND, now 
in OSD. Having designed a very detailed tactical simulation model, going 
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beyond Ita predecessors in uny ways, he had been discouraged by the results 
of its usa. He adnltted doubts that one can laarn anything fro« such a 
sinulatlon model. But he added that "If you can laarn anything froa one of 
these, it s fro« Bine." Presuaably, it was tha only one coapllcated enough. 

A related aapect of simulation, associated with larga acala complication 
I lc t0 be an "if-then operator" rather than a direct ^tlalalng * 
technique. That is, you can al.ulate n different caaaa, and pick out tha best- 
brute force optimization. As some software manufacturers are currently 
pointing out to us, one can use the results of earlier simulationa to guide 
us in deciding what to test later on. But simulation aa such clearly doean't 
optimize in the sense that we all learned back in differential calculua, where 
besetting an expression equal to zero w* could pull out the best of an infinite 

Even as an "if-then operator", however, simulation haa not achieved ite 

? 0f ^81 When we fir8t h,ard 1,bout had a senae 
aboSí a"tJclPatJon* P*^8 astonishment, or even a feeling of euphoria 
bout the future of military operationa research. Now, however, for over 

verier3”# We h*d * Ur8* nuBber of 8lÄulatlon« developed by a great 
jîlt hï.n‘t0nîüd U 8®T î° n* Îï®1 ln 4Ctal1 .LuUtion 

T Í.ÍT! P t0 th# “P*«*“0"- There are three reasona for this 
that I would like to outline and latar "flesh out" a bit, 

r.™ ha,n,t ilBul»fion lived up to its proalae? My first point—hard to 
they!"1** becâu,® 8lB,,latl°n h«* auch an air of raallty about it—is that 
diffî/ïy “any ,1Juat 101,8. eapeoially military situations, that are very 
2™£íicÍíioñ ÍÜÍ f4lthfully 4nd realiatically, even with all the 

ïh* Pr#aent atata °f the art can tolerate. The aecond 
fîi‘thfiîli î/il'^ï il T ü Ur8* "C*1# repreeente soaethlng 

4 Ully h4rd t0 U4,‘ S1“!«1«« tenda to be a cl«ay, 
*yíC®; And th* thlrd point 14 that avan • good aiaulatlon 

îïds Îhlr^ÎÎÎ Î" 4,lp4rltncVr hlnd*1«kt ln advance—is only one of the 
ïîïeî dîCl-i0? màkn n4eda- Juat a> th* aasesaaent of actual experlance 

™ he^hîÜÏ1 4n4lytic Ptohiema, where the sheer conplexlty of experience 

C uí « «p:k oz™iz:ut mau b*b,tt" °" «•>« 

i, .Th* ílr4t Polnt—that a faithful simulation.«ay not ba achievable-ia 
all too often unrecognized, partly because large al«ulatlon «odeIs like lares 
war 8anea, give an impresaion of considerable "versiailituda." Thé abilitv * 
to simulate certain physical systems, snd some man-machine avatMa i. 7 
striking, that we tend to assume an ability to rapreaent all «llitary eltuationa 
rh»aC Um pra^t1^** however, the quality of our representations is liial«-»d bv 
the problem of size and the problem of ignorance. by 

h t4k* flr,t th# Probla® of a1*«* I recall an anguished teûnhon* 
call about ten years ago from the office of Dr. Howard Talîîy at the Tacts¡»íi 
Air Command. He waa trying to use tha RAND Strategic Operations Model It 1 
was new then, and wa all marveled at it. With 150,000 inputs it se«ed l.r*. 
an mpresslve. Surely, we thought, it must include alaost everything. Yet^ 
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in th* fir*t application, problau wart revealed. For exaapl«, the aodel only 
provléad thraa poaalbla valuaa for tha aaount of aviation futí atorad on a. 
tactical baa*—aero, a aaxlaua value, and one intanaedlate value. Aa Talley 
pointed out In hla phone call, there were serious problens Involved in using 
th* nodal to reprenant th* condition of artual bases. Th* aodel size, which 
had seeaed so iapresslve, turned out to be only a first step, viewed agalnet 
the backdrop of potential coapllcatlon, and succeasora to that early nodal 
soon passed th* half**111ion urk in the nuaber of Inputs required. 

Perhaps even aor* serious is the problea of Ignorance. How do we use 
the Inputs that are available? When we start to calculate nuaetlcsl values 
for inputa, or to find them in a planning factors manual, we are realnded of 
our ignorance. How people behave, how organizations behave, even how certain 
physical syateu behave, is still very auch unknown. Though the complexity 
of large-scale simulations may obscure this difficulty, it does not relieve 
it. 

It aay turn out—and this is difficulty number two—that even a faithful 
simulation model la still not very usable. A very consson cause of this is 
a "data problem". Very mundane but extreaely important considerations of 
obtaining input data for large scale simulation models may discourage their 
uaa. There may Juat not be enough time to obtain the several hundred thousand 
numbers that some modele require. In other cases the difficulty may be even 
more serloua, in that sufficiently good estimates of required input numbers 
may be beyond the present "state of the art", demanding intelligence ^sources 
or techniques of estimation that Juat don't exist. 

In trying to solve the "data problem" of a large model, one may end up 
worse off than he was with an extremely crude and aiaple model. Let me 
Illustrate thi* with a bit of hyperbole. Probably nothing like ay example 
ever happened, because it’a going to be so simple that we can see what's 
going on, but in actual ipplicatlons where it's harder to penetrate the 
mysteries of models, scill worse things aay have happened. Suppose, to get 
to the example, that one has been using a simple model of the air defense 
process in which the probability of interceptor success is represented as 
the product of three probabilitiea—the probability of detection and con¬ 
version, th* probability of launching or firing armament, and the conditional 
probability that the armament once launched or fired is effective in destroy¬ 
ing an enemy aircraft. Now let us suppose, further, that in the spirit of 
large scale simulation, one elaborates the representation by taking the success 
probability aa the product not of three but of one hundred separate probabili¬ 
ties. On* way of doing this la to divide a flight of fifteen minutes (about 
a thousand seconds) into a hundred intervals (of about ten seconds each). 
Each separate probability could then represent the conditional probability 
of atill being on the "right track" at the end of an interval, given ihat 
on* waa at th* beginning of the interval. Nov how does one input to such 
a model—hnw dees one do a sensitivity study? Suppose one recognizes that 
none of the separate probabilities is likely to be 100Z and introduces an 
upper limit. If one takes this limit to be .99 and, in effect, taises this 
to th* hundredth power, he gets about e~l, around .37, as an upper limit. 
This ia a nlateke that would never have been made with the original simple 
model. Impossible, you say, for any one to make such a blunder. Very 
likely, with such a transparent aodel, that mistake would not be made, but 
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how many times have we used such "wholesale inputting" to meet the ravenous 
requirements of a monstrous model, when we didn't really understand enough^ 
about the model's structure to know the implications of what we were doing. 

Now, let me turn to the third difficulty of large scale simulation. A 
simulation that is reasonably faithful or realistic and reasonably usable 
may still not offer much aid to a troubled decision maker. What many simula¬ 
tions claim to do—provide"'jynthetic experience" or "hindsight in advance"— 
can be very useful but often represents only a small part of what a decision 
maker needs as he faces an agonizing decision. At least, what he gets from 
many actual simulations is only a small part of what he needs. In many 
problems there is what Norm Dalkey would call the 'axiological difficulty 
we don't know the pay-off or utility function. Knowing what might happen 
in a given situation doesn't necessarily tell a decision maker how he would 
feel about it. A simulation can help a great deal, if it is properly structured 
and accomplished, but more often than not, it is the analyst who gets the 
benefit of the total context of the simulation and not the decision maker who 
could really make more effective use of the insights that could be gained 
from simulation. 

Another way of looking at some of these difficulties of simulation is 
to think of what simulation does best. Dealing with very large and complica¬ 
ted systems, simulation is not so useful as a problem solver as it is in 
exploring new approaches, and sometimes in training. Though it may be 
slightly exaggerated, there is considerable relevance in the common remark, 
"By the time one has designed a simulation in detail, he has already achieved 
its major benefits in understanding the problem, without making even a 
single simulation run." Unfortunately, this kind of insight into a complicated 
system is not easily transferred from the analyst to anyone else. Hence, it 
is often suggested that special simulations for decision makers and for the 
training of those who operate "real life" systems should be prepared. It 
is important to rote, of course, that these special purpose simulation devices 
often involve an "act of faith"—an assumption that we know enough about the 
problem to cope with its difficulties. 

A generalization of the above suggestion, which Norm Dalkey has repeatedly 
urged, is the formulation of a whole family of simulation models for the 
representation of some phenomenon. At one end of the scale there could be 
a very aggregated (and usable) model, with progressive dis-aggregation toward 
the* other end of the scale. Hopefully, one would try to calibrate the (n-l)st 
of these in terms of the n-th. 

Here, I would like to emphasize another avenue to explore in trying to 
find remedies to some of these problems of simulation. This I think cornea 
down to basic character—the exercise of restraint. That is to say, in many 
cases we should try to resist the impulse to simulate. Try to find something 
else that can be done. As General Betts was saying yesterday, don't Just 
assume the technical feasibility of everything that is proposed. When I 
question the application of simulation, I often am asked, "What convinces 
you that our analytic techniques are capable.of solving these complicated 
problems?" My rejoinder might well be, "What convinces you that anything 
is capable of solving these problems?" The fact that n - 1 methods have 
been found inadequate for the solution of a problem does not mean that the 
n-th will succeed. And if no method is fully adequate for the solution of 
a problem, one finds added interest in the cheapest way of not solving it. 
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Thit attitude lan't universal, of course. Yesterday, when someone asked 
if our panel was going to tell whether simulation is "in or out," I told him 
that it a probably an in thing" Independent of what we say. In emphasizing 
* * perils, rather than the promise, I feel a little bit like a salmon going 
upstream. But I think I have found a kindred spirit, though I don't know his 
M»e. He is the anonymous author of the little article in the May 1967 
¿fttronautlcs and Aeronautics entitled "What Kind of PhD's for Aerospace?" 
The author Is an engineer who »pent a year with the government early in the 

aîÜ *ü!,.îhÎJwîi£ P1’08™"' 0ne of hlB e**»plM is a report that cost the 
Air Force $60,000 for the services of two engineers who investigated the 

n.ní^ÍM«ÜI0\len:i If !lr 8tartS escaPin* frOT 8 SP*« capsule after particle 
penetrations, how long do the astronauts have to put on their sp.ee suits? 

The approach that the space engineers took to this problem was in the 
spirit of large scale simulation. They devised a large scale computational 
model, took a special case, and ran off a large number of numerical calcula¬ 
tions. Our anonymous engineer-author points out some good alternatives. If 
you are willing to assume incompressible flow, you have a Bernoulli equation 
under nice conditions. If you remove th; assumption of incompressibility, it 

J**U* U m0re mlnutes t0 8e; results. You can solve the isothermal case 
and than the adiabatic case, which give upper and lower bounds for the results 
of a precise solution. 

Such an analytic approach, our anonymous author points out, would have 
bean about three orders of magnitude better than what was actually done by 
the engineers who had the contract. First of all, it would have been more 
general, giving more useful Information and understanding about the structure 
of the problem. It would have permitted much more reliablt extrapolation to 
other cases. And it would have cost one whale of a lot less. 

^So why ien't more use being made of analytic approaches? Well, there 
*ren ^ enough people interested in them or capable of using them. Our engineer 
author tried to do something about this. He explored Institutional arrange¬ 
ments to give added incentives for the use of analytic methods and found this 
to be a difficult path to follow, at least in the U.S. He then asked about 
educational p issibilitles to exploit in the training of PhD’s, ue talked 
with about half a dozen different professors, each of whom gave some reason 
why It's almost impossible to train PhD's to use appropriate analytic methods: 
you can't train people to do it; professors don’t know how to do it; nobody 
can do it witKout years of experience; people Just aren't interested in doing 
it—they hav. to publish a host of papers that shouldn't be too simple or 
understandable; etc. So our friend ended up rather depressed. 

$ 

He grasped at the hope that a statement of the problem might lead to a 
solution—by someone. And this brings me to the conclusion of my plea. I 
propose for cur discussion period the following topics: 

What can be done to encourage our colleges and institutions to train 
people so that they can do something besides simulation? 

What is being done today to remedy the diflclencies of simulation? 

What have been your experiences with the successes or failures of the 
proposed remedies? 

I'm not sayi ig that we should never simulate. But for good simulation, and 
effective problem solution in general, we need other weapons in our arsenal. 

258 

« 

I 



LARGE SCALE NON-LINEAR SIMULATION - A CRITICAL EVALUATION 

Mr. Alexander Pugh 
Massachusetts Institute of Technology 

I'll start with the contrast between military and industrial. I think 
one of the principal differences between our tach.dques is understanding. 
You start out with a problem statement (and of course there arc the usual 
problems without problem statements). Someone presents a problem to you, 
and after studying it for a while, you conclude that it is not really a 
problem in itself, but a symptom of a problem. You must go a lot deeper 
in order to get at the reai problem. 

Secondly, you will want to hypothesize some sort of relaticnship that 
you believe is at the heart of this problem. This is trying to juess at 
the answer before you get there. In fact, I would suggest that if you bui1“ 
a model without a pretty good idea of what the answer is going to be, you will 
probably leave out what is important. We are talking about feedback systems. 
We are almost always imbedded in a larger system. One has to look at tho 
larger system and ask a question: are there Important feedbacks that must 
be incorporated from that larger system, or could we limit ourselves to the 
smaller system? Instead of having a model with 50,000 variables or inputs, 
we will have a model with something like 150-200 variables. From this model 
we expect to find out whether the hypothesis is reasonable or whether it 
fails to confirm the hypothesis. If it confirms, we can pass on to the next 
step, but in fact, what generally happens is that we find ourselves in an 
iterative approach. An approach in which, as we define our thinking explicitly 
in a model, we find that we had overlooked something; the process of model 
building, even in the case of our simple model, requires a very precise 
understanding of what we are doing. This means that we will find that 
another problem statement is more appropriate or another hypothesis is more 
appropriate before we ever get to the point of actually asking the model 
if the first hypothesis was reasonable. We finally get a tncdel that satis¬ 

fies us. 

Turning to another one of Clayton's problems, we frequently find that 
having built this 150 equation modal, we now have sufficient understanding 
to build a 15 equation model of the same situation to demonstrate the same 
phenomenon. And, of course, having shrunk it to 15 equations, we are in a 
position now to make it much easier to conmunicate. At this point, we try 
to pass along our insights to the decision maker. 

Without worrying about the problem of communications, which is a serious 
one, let me go on to say that, having gotten hold of our problem and expressed 
it in a model that satisfies us, we need to ask which alternatives are available 
to us, and from the insight we've developed, we hope we can propose something 
and test it, which will alleviate the situation. For a complete Industrial 
Dynamics study, of course, it is also necessary to go through the problem of 

s implementation. This is an extremely tough industrial situation. It means 
th.it you must provide reasonable alternatives that people are willing to 
accept and execute, and, cuite frankly, it is one of the toughest parts 
our studies. In tact, as I might point out, there is a system involved there, 

. and we've actually done some research in the area of implementation and the 
systems that are involved in the implementation process. 
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One of the charecteristica that seemt; to be true of our systems is that 
we are not trying to refine something in a rather small way. We are not 
trying to find a slightly better formula to assign aircraft to targets; but 
rather, as we study the larger system, we fi’ ! something else is really the 
determining factor. It is not whether you get 98X efficiency or 100X 
efficiency out of these aircraft, but perhaps the question of whether you 
can get supplies to the air bases. It is some larger system like that that 
is really the determining factor in the behavior. And these questions 
ultimately become one, not of slight differences of gray, but rather decided 
situations of black and white. There is one example which after the fact 
sounds ridiculous, but I think that if you look into reel situations in the 
Air Force, you will find that eventually you discover r.hese black and white 
situations. In this Instance, people were concerned about production, ordering, 
and so forth, in a factory, and the final truth came out that there was no 
feedback from the stock of inventory to the production process, except in 
perhaps a "bang-bang" sense. If the item was out of stock, if it appeared 
on the back-order list, thet item would be produced. Otherwise, if the item 
got in so large supply in inventory that it began to exceed the capacity of 
the warehouses, somebody told the factory to change the orders. But in 
between, th re was no control over that particular item. Ridiculous. But 
I think you will find military situations Just as ridiculous as that. 

* 
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I,ARGE SCALE NON-LINEAR SIMULATION - A CRITICAL EVALUATION 

Mr. Benjamin Tencer 
Boeing Company 

I may be a tittle more obstreperous than a few of these gentlemen tend 
to have been, but if this appears to be so, it is not intended. I am going 
to try to get at what I think is the crux of our problem, from the beginning, 
and then go on from there. We ail know that after World War II, when the 
techniques of simulation passed through a rather spectacular development, 
the data processing industry began to have almost an explosive spurt of 
growth. And military OR came into the picture in a very large way. And 
last, but most important I believe, the engineering community, in designing 
their systems, began to develop the technlcues for entering feedback control. 
I believe if we all examine our consciences and look back, we will find 
that the successes of the engineer in simulating the physical environment that 
he found himself in gave us the grandeur that we're operating in. We had expecta¬ 
tions of similar successes, and it is my belief that we nave not quite reached them 
yet. I agree with „iayton that the meaning of simulation has become so 
indistinct through use that it is almost impossible, without further enlight¬ 
enment, to talk about it. When you say simulation, each individual conjures 
up in his ovn mind an unlimited number of study images. The problem here 
is primarily one of relative availability of resources. We are living in 
an era, 1 believe, where hardware is the easy thing to come by. Analytic 
talent is the difficult thing to come by. The reason that I named this 
session "Large Scale Non-Linear Simulation" is that I believe this is the 
bound that we're moving to. Because of the imbalance in the capital equip¬ 
ment resource versus the analytic competence aspect, our field is beginning 
to fill up with a large number of people who understand parts of the problem. 
And simulation appears ic be a glamorous route to solutions. If you have 
limited analytic talent, you converge to the boundary which is, I think always 
(with the capability of computers today and the techniques available) simply 
a one-on-one solution. I will throw in every blade of grass, rather than 
take the time to take sub-components, do analytical type analyses on it, 
understand the sub-components first, prior to the time you go into the overall 
picture. Let me stop there a minute; we'll get back to that shortly. 

The mathematical reasoning approach to simulation analysis is pretty 
well accepted by most people in our field. There's one school of thought, 
however, which still clings to what you might call the linearized form, the 
optimized forms, the form that is able to be optimized. They believe that 
you should Include in a simulation only obs,. ibles. These are items which 
can be statistically verified. Ac least, there is some probability that if 
you do use them ultimately you will be able to get a statistical verification 
on it. You recognize that this is a fantastic limitation when it comes to 
what we normally do, since statistical verification of probably ninety-five 
percent of what we have is impossible. Now this is one of the high lights 
of the distinction between possible success in the industrial environment 
versus the military environment. In the industrial environment, you have a 
laboratory, a continuing function which you are able to place under a micro¬ 
scope. You can generate hypotheses which you car ’•hen test if you have a 
reasonable degree of success in selling !.. to'the decision maker, and determine 
whether or not what you have accomplished has any meaningfulness. We don't 
have this available to us in the military OR simulation field. We do in a 
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way; ve can always structure a reel war game In North Carolina and spend ten 
allllon dollars or so to get one single data point and then try to generalize 
fro« there. It le a real problem. So one of the basic Issues here Is: as ve 
Increase the scope of our simulations (and there Is the tendency to do so as 
the analytic coapetence of the Individuals Involved declines), we get more 
and more of the unverifiable aspects of the problem. 

1 want to use several words which were coined way back in a 1958 article. 
When ve talk about the engineer that we're trying to learn from in this feed¬ 
back control system analysis, we find that he has raptured the essence of 
reality. H* s dealing with the physical characteristics, physical laws of 
nature. He has the basic essence of it. The engineer, in essence, is attempting 
to synthesize a complex system made up of individual structures, the behavioral 
characteristic of each of which is totally familiar to him. He has a high 
degree of knowledge about the behavioral characteristics of the transfer 
functions of all the sub-components of the systes he wishes to analyze. What 
Is unknown, of course, Is the overall response characteristic of the system. 
However, when he has finished his simulation, he has a very high degree of 
confidence in the fact that the behavioral characteristic of the overall 
systen Is correct, since it is nothing more than the sum of the behavioral 
characteristics of the perte, combined Ir. a very complex fashion. This bears 
very little reseablance, however, to our problems. We have activities that 
are fundaaentally evolutionary, military aspects of the problems that we’re 
attaaptlng to siaulate. They are primarily irreversible. The laws of behavior 
are likely to be not fully understood, the human laws of behavior. Even when 
fully understood, we fl d that the intrinsic random component of It still 
reaalns very very large. Yet, we're still trying to get behavioral patterns 
out of the overall system and we don't have a handle on the characteristics 
of the parts. Mow, let's see, what are we really trying to do? Maybe we're 
trying to reverse the nature of the original process as developed by the 
engineer. Maybe we're really familiar with the overall behavior of the system 
and are attaaptlng to Infer the characteristics of the parts of the system. 
Now, If thle Is true, we've got a real problem. I don't believe this is going 
to be offensive, but I'll say It anyway: Predictions of the overall behavior 
of large scale simulations are as numerous as there are knowledgeable military 
strateglets on earth. If we wish to infer the parts by looking at the predictions 
of the behavior of a system, we're not going to get any unanimity, on the 
peculiar characteristics of the behavior of systems made up of people and 
equipment, or even in terms of logistics structures, which we attempt to 
siaulate. We have a real problem in that the knowledge that we have of our 
systems la fragmentary at both the component level and at the overall level. 
Not one or the other, so that we can use the approach of going from the general 
to the specific, or the opposite approach of going from the specific to the 
general. We lack knowledge in both areas. One of the problems is that when we 
attempt to capture the essence of reality, which is what we've truly trying 
to capture, It restricts the scope of the appearance of the analysis. Suppose 
we decide that we're only going to include in our simulations those things 
that we have a reasonable degree of certainty that we understand, or the 
capability to make an educated guess about Its behavior, rather than structuring 
generalized decision rules. These generalized decision rules, of course, would 
be characteristics that the engineer had developed but based on physical laws 
of the behavior of the material. You give up uncertainty; you get verifiability; 
but you get limited applicability. And the decision maker constantly coiwnents 
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on the fact that you are not covering the whole problem. On the other hand, 
if we decide to go the other way and say that anything that we observe la a 
significant piece of the analysis, or sumething that has a seneitivity 
relationship to the output, we should put it in. After all, we can always 
test the sensitivity of the characteristics that we have included and later 
exclude those that have no sensitivity relationship to our outputs. The 
only trouble is, the human mind works in a rather strange way. When we 
attempt to describe the problem, we're using a subconscious analytic 
capability, and very seldom will we try to dream up those things that we 
haven't observed which may be insensitive. 

We then have the opposite approach, the one-on-one which generally 
gives us the appearance of reality. We can usually, with a little bit of 
effort, print up dynamic profiles of outputs that will frighten even 
children in terms of their predictive capability. There is only one problem. 
When data and knowledge are limited, and there are a large number of 
variables in a system, these basic performance characteristics in the overall 
system can be gotten with almost any combination of values for the uncertain" 
variables within their regions of uncertainty. We now have the appearance 
of reality, but not the essence. Without the data, wc are unable to determine 
whether or not the basic behavioral properties of the individual parts really 
have any significance to us. I refer to my previous statement, which was 
that the basic problem here is that, as the analytic competence of the individuals 
doing t'1« goes down, there is less and less of a desire to tackle and 
understand the properties of the individual pieces and take the time that 
s necessary to develop them. In the emircnment that we're currently 
ving in. the press for answers is phenomenal. Very seldom, when quoting 

a two-year time horizon for study, does one get one in two months. 

I don't know what we are supposed to do about this. A friend of mine 

that Theewor'ÜTment a" k" °f this nature: 8UPP°« that we know 
ô hêlrû ím ; ! at ‘",can only r<,u!hl>’ th* curvature 
th.í fh ia “lljinavl*atlon over long distances be improved by assuming 
t at the world is flat? This is a good question. In attenpting^o describe 
the Syrern, I would be better off sticking to only those parts with which 

onl" oartiaíl % anîIar' ,/ °Ut thüSe part8 wlth whlch 1 “ onl partially familiar and set them to zero, no to speak. Or, would I be 
'ter off making an attempt to get in everything I can? Everything that 
feel has any possible implication to the problem? I don't know the answer 

However, I have come to the conclusion that some place along the line, some-' 

unuün*8/0 U8Yve7 blt of knowledge about the problem. Tnat somebody is 

kno! In f !!" Ylsion niaker- In °rder 60 make a decision, he must 
He may want us^o^ fltatíve and a11 of the quantitative aspects of the problem. 
He may want us to put in uncertainty in large degrees. I don't know We 
have had and will continue to have great difficulty in coraraunicating’ ust 
what we are doing to the senior decision maker, who primarilv ends Sp^akina 

aJi eC ! 0nStST0Sedly baSed °n the °UtpUt °f °Ur comPut*r• Clayton 
in 958 He tendenCY° COncur wlth thla m a statement that he wrote back 

C aoo a °r:red °n the/aCt that he deplored the ^ mtrô- duce trappings and ornaments into simulation to give the appearance of 
real ty, where it is the essence of reality th.t'we nled tl’cllZl "The 
popu ar appeal of war gaming is that it is the best method fo/teachinfi and 

war ,a„,„s; but 1rs ability to solve 1, „ot ^ 
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In a way, war gaming lacks the sure guides to adequacy of solution that 
analytic non-gaming techniques supply. Clayton feels, and I agree, that we 
have a tendency always to introduce the complications in the desire to 
imitate reality rather than capture its basic essence. That is one of the 
ï #itlvity we're «cn»pliehing that presents our biggest problem. 
I don t know what we can do about all these things. 

anv wav íü!t.0f th* fir#tit>ue8tion> we discussed, Clayton asked if there is 
tZe ot d**'el°P. or get the academic communities to develop, the 

thît are wiUine Vt "T Ch*nRe thiS imbalance* type of peoplt- 
doî’t ÍLw iwL * analytlC aPProach* 1 "Uht mention (and I 
coñcWoñl ^rT°¡; n0t y0U WlU 8eafCh y0Ur ^0015 and t0 -me 
and thlí ï îh e T 8°ne * nUmber °f the9e larRe HCaJe ««rclsea 
îut it whenever I want to really understand a system. I don^t 
íhroííh îe COmp“ter and 8enerate large piles of output and then attempt, 

various and sundry techniques, to infer the behavior of the system 

ítoine b!ckUÍnU \ Iiflnd that When 1 Ret "y trUe recoRnltion, it comes from going back and simply re-examining the nature of the equations that I've 
written down in an analytic fashion, getting their basic behavioral properties 
and summing them up in my mind. I have a feeling that 90* of evervthini; 
that we are going to learn from large scale simulations comes to us, or we had 
it in hand, the day before we started this long, horrendous task of generalinK 
sizable alternative outputs on computers. Perhaps the answer to one of our 
problems is a law requiring six months between the time the analytic frame- 
work is established and the time that we begin to run output. 



Colonel W. C. Abernathy 
Ofrece, Chief of Research and Development 

THE ROLE OF CONCEPT FORMULATION IN ARMY PLANNING AND MANAGEMENT 

As the title Indicates, the purpose of this presentation is to 
describe the role of concept formulation In Army planning and management. 
Speaking literally, this Is easy because the current role of concept 
formulation In research/combat developments/materlel development can be 
described In two words - "Increasingly prominent." Of course there Is 
more to It than those two words, as I will bring out subsequently, but 
it is obvious that systematic concept formulation activities are receiv¬ 
ing a greater amount of attention. 

For example, several years ago the term "concept formulation" was 
seldom heard In the Department of the Army Staff, and then within a 
vaguely defined context. It first appeared in Army Regulation 705-5, 
which Is the cornerstone of our research, development, test and evalua¬ 
tion (RDTE) efforts, In a change published October 1965. Since that 
time the term has come into more widespread use, and with a more clear- 
cut underst*ndlng of what It actually entails. You noted that concept 
formulation was the keynote of General Betts' opening address yesterday. 
He has also emphasized It during other recent speaking engagements. 

Thi« presentation will cover the definition of concept formulation, 
its place In the materiel life cycle, and how It is applied In certain 
areas of planning and management for RDTE. 

The definition of concept formulation contained In Army Regulation 
705-5 Is as follows. 

VUGRAPH 1 

A significant event In the role of concept formulation has been Its 
formal recognition as a discrete phase in the management of the Army 
materiel life cycle. Yesterday General Betts discussed some of the 
recent actions to Improve concept formulation for new Items. He pointed 
out the lecessity for sound studies and analyses during that phase to 
provide üeslred payoffs during later stages. A look at a schematic 
portrayal of the materiel life cycle underscores that point strongly. 

VUGRAPH 2 

The process can be thought of in terms of a directional arrow like 
this which has a broaa base and becomes progressively refined to a head 
and point. 
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The life cycle is divided into rilases as shown. It begins with 

concepts for the entire Army of the future. These broad concepts become 

refined to statements of requirements for specific materiel systems dur¬ 

ing the latter portion of the concept formulation phase. The cycle for 

each single system then follows ttirough contract definition, development 

and production, and operational and disposal phases. 

FLIP 1 

lïis life cycle involves more than Just hardware development. 

Througnout each phase there must be specific planning to insure that re¬ 

lated organization, personnel, logistics, and evaluation actions are 

accomplished concurrently with the materiel they support. These related 

planning efforts must begin during the concept formulation phase for the 

materiel to insure rrderly fielding of the system throughout the Army. 

Obviously, for the cycle to operate effectively there must be a close 

working relationship between the Department of the Army headquarters, 

the combat developer, the materiel developer, and the trainer organiza¬ 

tions . 

FLIP 2 

This schematic portrayal illustrates some of the relationships be¬ 

tween the Combat Developments Command (CDC) and the developing agencies. 

Here we have the user (CDC) analyzing and projecting the world environ¬ 

ment to design the laud combat system needed at a later date. The user's 

postulation of future operational needs guides the long range planning 

and research and exploratory development by the developing agencies. 

Results of the research and exploratory developmental effort, fed 

back to the user, will enable him to refine his broad design and doctrinal 

studies to state requirements - qualitative materiel development objec¬ 

tives, advanced development objectives, and qualitative materitl require¬ 

ments - more precisely. The other actions and interactions follow as in¬ 

dicated. 

The point is that effective concept formulation involves more then 

crystallizing ideas for the design of specific materiel. It includes 

the parallel planning and management actions required to Integrate new 

equipment into the Army, together with the so-called "software" such as 

revised doctrine, organizational structure, trained people, and support¬ 

ing supply and maintenance systems. Biis software aspect of concept 

formulation is receiving increased emphasis. 

yUGRAFH OFF 

Having covered the position of concept formulation in the materiel 

life cycle, let's look at that phase a little closer. First, what is its 

purpose? 

266 

i 



The broad objectives of the concept formulation phase are: 

1. To identify future threats and operational capabilities 

needed to meet the threats. 

2. To establish and evaluate alternative technical and opera¬ 

tional approaches to provide the best means for attaining the needed 

capabilities. 

3. To establish the basis for further development of selected 

materiel systems. 

With regard to the third objective Department of Defense approval - 

and money - is required before a major system can proceed through the 

contract definition phase. The Secretary of Defense has established six 

prerequisites which must be met before a major system moves into contract 

definition. These are shown on this vugraph. 

VUGRAPH 3 

So from a realistic standpoint another objective of concept formula¬ 

tion is to meet the Department of Defense prerequisites for contract 

definition. This vugraph shows how this is accomplished. 

VUGRAPH 4 

This is another arrow chart, but it covers only concept formulation, 

not the entire materiel life cycle. It shows major steps during concept 

formulation and the cooí dinaced interactions between combat developer and 

materiel developer. 

At the base of the arrow is shown the guidance and direction fur¬ 

nished by joint and Army plans, National and Department of Defense poli¬ 

cies, and intelligence estimates. These, together with the Inng Range 

Technological Forecast prepared by the Army Materiel Command (AMC), are 

used by CDC for studies of future land force organization and operations. 

CDC, in conjunction with the developer, represented by AMC, prepares 

broad operational capability objectives as long range goals for the 

future Army. 
« 

The CDC efforts provide guidance for research and exploratory devel¬ 

opment conducted by the developing agencies which, in turn, provides feed¬ 

back to CDC broad parametric design information on approaches which may 

achieve, desired operational capabilities. CDC, as the représentât!,e of 

the user, then specifies mission and performance envelopes for a particu¬ 

lar operational need, and the developer responds with possible technical 

approaches and operational and p'-. x'ormance tradeoffs. 
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Subsequently the action proceed, to steps of tradeoff evaluations, 

cost effectiveness evaluations and engineering feasibility studies. Ex¬ 

cept for the operational capability objectives, requirements documents 

are not shown on this vugraph. The qualitative materiel development ob¬ 

jective would be prepared here, the advanced development objective here 

and the qualitative materiel requirement here. (Point) 

These procedures insure delineation of responsibilities for and 

systematic completion of the six Department of Defense prerequisites for 

contract definition (marked with asterisks) as a part of the concept 

formulation phase. In following this process we not only justify the 

system to ourselves, but meet requirements which justify the procr»»rj to 
the Department of Defense. 

Some of the impact of concept formulation on management is also re¬ 

flected in this vugraph. A systematic approach in developing broad con¬ 

cepts and refining them to well defined requirements for new equipment 

shows where Amy resources should be allocated for studies, research, 

and various stages of development. Consequently, efficient concept 

formulation is central to effective research and development management. 

With regard to planning, it v.'as pointed out earlier that doctrinal, 

logistical, and personnel planning had to be initiated along with hard¬ 

ware planning in order to field materiel systems properly. Many of 

these plans are prepared by CDC, AMC, and the commodity commands. In 

addition, both the Department of Defense and Department of the Army have 

a basic family of plans which guine future strategy and other projected 
actions, including RDTE objectives. 

These plans address the so-called long range - 10 to 20 year period; 

the mid range - 2 to 10 year period; and the short range - 0 to 2 year 
period. 

There are three Joint plans ana four Army plans that have a definite 

bearing on research and development planning. They are listed here. 

VUGRAPH 5 

The first is the Joint Long Range Strategic Study (JLRSS). This 

document, prepared annually by the Joint staff, addresses the 10 to 20 

year future period. It provides a broad strategic appraisal, military 

concepts, strategies, and guidance to support national objectives. For 

research and development the plan emphasizes broad operational needs to 

which the services should direct research and development long range pro¬ 

grams. Hie JIÆSS furnishes guidance for developing the operational capa¬ 

bility objectives in the early phases of concept formulation. 
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The Joint Strategic Objectives Plan (JSOP) is prepared annually by 
the joint staff end addresses the mid range period. It translates 

national objectives and policies into military objectives, establishes 

strategy, nnu provides guidance to support the strategy. Major items of 

equipment which appear in this plan have the connotation of joint service 

approval for the required research and development effort involved. 

Next is the Joint Research and Development Objectives Document 

(JRDOD). This is a new document published for the first time this year. 

It supports both the JLRSS and the JSOP in two ways: 

First, by translating the broad strategic guidance concerning 

operational requirements into long range research and development objec¬ 

tives . 

Second, bj providing to the Secretary of Defence advice of the 

Joint Chiefs of Staff regarding the military importance of the research 

and development effort considered essential to support the national 

military objectives and strategic concepts. 

The four Army plans with research and development implications are 

the Basic Army Strategic Estimate, the Army Strategic Plan, the Army 

Force Development Plan, and the Army Research Plan. 

•The first is the Basic Army Strategic Estimate (BASE). Tîie BASE, 
prepared annually, addresses the 2 to 20 year future period, and provides 

the strategic estimate and concepts for all Army plans as well as the 

Army position for all Joint plans. It is the basic document for the Army 

family of plans. The BASE is written against estimates provided by the 

intelligence community arid the Army Long Range Technological Forecast 

(LRTF). 

Next is the Army Strategic Plan (ASP). lhe ASP, prepared annually, 

addresses the 2 to 20 year future period with emphasis on the 2 to 10 

year period. It records Army objectives, forces, and deployments for 

execution of the strategic concepts of BASE, as modified by portion^, of 

the JSOP. The ASP provides reasonably attainable objectives and a broad 

force structure to implement the strategy. For the 2 to 10 year perLxl 

it provides a basis for developing the objective forces recommended in 

the JSOP. Long range research and development guidance in the ASP, be¬ 
ginning with the IvST edition, will include statements of selected opera¬ 

tional capability objectives (OCOj and a listing of technologies requir¬ 
ing emphasis if the 0C0 are to be realized. Mid range research and de¬ 

velopment guidance will include a listing of major materiel requirements 

supported, or about to be supported, by development actions. 

The Army Force Development Plan (AFDF), prepared annually, addresses 

the 0 to 20 year future period, with emphatis on the 0 tó 10 year period. 



The AFDP establishes forces to be supported, basis of issue, program 

guidance, and guidance for procurement and introduction of modernization 

items. It, therefore, provides a basis for Army input into JSOP- 

important portion of the AFDP is Chapter V, which projects the introduc¬ 

tion of modernization items. Equipment that 'ms gone into engineering 

development as a result of Army concept formulation procedures is in¬ 

flected in that chapter by line item, estimated type classification date 

and desired phase-in period. 

The Army Research Plan (ARP), prepared by OCRD, provides guidance 

to the research and exploratory development programs to insure that they 

are responsive to the long range concepts and materiel objectives of the 

future. 

These plans are interrelated as shown here. 

VUGRAPH 6 

Office Chief of Research and Development has made a significant effort 

daring the past year to get the research and development portions of these 

plans aligned with each other. The goal has been to get objectives and 

specific systems reflected in their proper time frame and development se¬ 

quence and to avoid excessive overlaps and duplication in reflecting re¬ 

search and development activities and requirements. 

The loint and Army families of plans and the various steps of con¬ 

cept formulation are mutually supporting. The strategic long range plans 

provide guidance for design of the future land combat system and develop- 

ment of ^rational capabilities needed by that system. The AW Research 

Plan translates these needed capabilities into specific research and devel¬ 

opment goals for the early portion, oí concept formulation. 

bater, the refined requirements appear as specific systems in ^ 

AFDP, as the latter stages of concept formulation are completed and the 

systems enter engineering development. 

The flow of guidance between plans and concept formulation activities 

is not a one-way street. The feedback from the various research and de¬ 

velopment activities and breakthroughs achieved during con^ept 
enable planners and managers to adjust their objectives and establish ne 

operational requirements based on updated technology. A good management 

ZTã™on system is essential to a dynamic research and development pro¬ 

gram. 

In summary, this presentation has covered the definition of concept 

fomulation^its place in ,he mteriel life cycle, and some of the more 

instant actions essential to the systematic refinement of ^eas into 

credible statements of mUitary requirements before progressing into 
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¡ . I 
engineering development. In following on orderly approach to concept 

formulation the Army Justifies a needed system to itself and to the De¬ 
partment of Defense. The disciplined management system which is our 

continuing goal enables the combat developer, materiel developer, and 

higher headquarters to do planning and management of the RDT'Î effort 

more effectively. 

On-going activities and those projected for the future recognize 

the importance of concept formulation in the materiel life cycle and 

illustrate why its role can be appropriately described by the term 

"increasingly prominent." Efficient concept formulation is a key ele¬ 

ment in planning and managing an imaginative research and development 

program which wili keep the future Army modern. 
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CONCEPT FORMULATION STUDIES OF MECHANIZED 
INFANTRY COMBAT VEHICLES 

by Mr. Jame* K. Cockrell 

CORNELL AERONAUTICAL LABORATORY, INC. 
COGNIZANT AGENCY: U. S. ARMY WEAPONS COMMAND 

Tl e Mechaniaed Infantry Combat Vehicle, 1970, Parametric 
Design - Coat Effectivenea* study was conducted by Cornell Aero- 
nautical Liborutory, Incorporated, for the U. S. Army Materiel 
Command during the 9-month period from 1 October 1965 to 30 June 
1966. 

The purpose of the study was to provide an information base 
which would help the Army select the most promising MICV-70 
design concept or concepts for further development. 

To this end, we attempted to develop and apply means of 
systematic discrimination among alternative concept designs on the 
basis of design trade-offs, combat effectiveness, and cost-effectiveness. 

• 

Study Structure 
-1- (CHART 1) 

This chart shows the overall structure of the study. The 
areas of major endeavor are color coded -- red encompassing the 
effectiveness evaluations; blue the vehicle design studies; green the 
costing effort; and yellow the analyses of cost effectiveness and 
vehicle design results, which constitute the final bridge to the study 
conclusions and recommendations. The study proceeded concurrently 
in the red, blue, and green areas and then culminated with the yellow 
colored effort. 
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In the effectiveness evaluation studies - red area - the design 
of the effectiveness evaluation method included computer simulations 
of battalion-level battles and direct mathematical analyses of combat 
situations that did not have to be examined by simulation. The computer 
simulations began with a pilot program to test and de-bug the effective¬ 
ness evaluation structure and to learn enough about the simulation pro¬ 
gram to permit us to proceed logically and systematically. Information 
from these game^, plus vulnerability data on each MICV concept provided 
by the U.S. Army Ballistics Research Laboratories, and data from 
our vehicle design studies, permitted us to conduct a second series 
of games in which actual candidate MICV concepts were played in the 
combat simulations. 

The vehicle design studies - blue area - examined in separate 
sub-studies the parametric and non-parametric features of MICV 
designs, and made a comparative analysis of the characteristics of the 
49 candidate MICV-70 concepts that had been designed by industry and 
the Army - and of the 5 existing "reference" vehicles - against the 
specifications of vehicle design and performance which were contained in 
the Army Tentative Operational Characteristics for the MICV-70. The 
Cost studies - green area - proceeded in close association with the 
vehicle design efforts to collect cost data, devise the costing method, 
and to estimate the costs of the candidate concepte. Finally, outputs 
of the red, blue and green efforts were combined in the analyses to 
determine cost-effectiveness results, and to arrive at the study's 
conclusions and recommendations. 

Vehicle Design 

The vehicle design studies attempted to illuminate the basic 
design relationships amorg the major physical characteristics of 
MICV type vehicles. Thry had a dual orientation -- the vehicle design 
investigations and the parametric design studies. 

In the vehicle design investigations our intent was to identify the" 
non-parametric features of MICV designs and to define the merits and 
demerits of each so as to highlight the implications of various design 
choices. This particular effort encompassed semi-quantitative and 
qualitative considerations that were important to MICV design but could 
not be dealt with by either the effectiveness evaluation or the parametric 
studies. As an example, the effectiveness evaluation and parametric 
studies could indicate how much power a MICV should have, however, 
that power could be provided by any of a number of different types of 
power sources. A most appropriate choice among these would involve 
weighing the advantages and disadvantages of each. The vehicle design 
investigations assembled and analyzed a considerable amount of infor¬ 
mation on such sub-systems and components as engines, transmissions, 
suspensions, ballistic armor, armament and accessories. 



The parametric design studies were directed at the parametric 
features of MICV designs, surh as armor thickness, power-to-weight 
ratio, and primary armament types. Their purpose was to define 
and quantify the basic relations among such features, and to use these 
relations to examine the implications of parametric design changes on 
resultant vehicle characteristics such as weight, cost, and swimming 
ability. 

An indispensable source of data for these studies was the set of 
49 candidate designs that were furnished to us. Although not a delib¬ 
erately varied parametric set they represented well the spectrum of 
potentially useful MICV-70 designs, and provided a broad base of alter¬ 
natives. Five existing vehicles augmented the body of information 
contained in the concept designs with data of a "harder" variety; they 
were the two ver siens of the M-113 APC, both MICV-65 configurations, 
and the Federal Republic of Germany's RU-6 Schuetzenpanzer. 

The initial effort of the parametric design studies was to 
develop mathematical equations defining the main aspects of a MICV 
design in terms of vehicle de«¡gr! parameters. Three sets of such 
equations were developed. One set defines vehicle gross weight and 
major sub-system weights in terms of such parameters as power-to- 
weight ratio, vehicle vr.'ume, mean armor thickness, and crew capacity. 
A second set similarly defines the principal components of the vehicle 
volume, and the third set defines the principal vehicle dimensions in 
terms of each other and of weights and volumes. These equations per¬ 
mit the manipulation of vehicle design parameters to examine quanti¬ 
tatively the design implications of various parametric choices. They 
were used to synthesize a number of different MICV designs, in order 
to illuminate the impact on design of varying certain key vehicle charac¬ 
teristics. First we synthesized a family of vehicles that incorporated 
all possible combinations of two levels of main armament firepower, 
power to weight ratio, and mean armjr thickness, in each of the three 
sizes (crew capacities) specified by the Army; this family was also 
used to examine different types of armor materials and the effects of • 
requiring a design to swim. Later, as the first results of the effectiveness 
evaluations became available, we used them to focus our attention 
on the most promising design concepts, and we then made more detailed 
parametric examinations of similar concepts. 

The results of the parametric design studies indicate the effects 
of selecting various combinations of performance parameters on such 
derivative characteristics as size and weight (and thus cost). 

I mentioned earlier that the concepts were compared with a set of 
tentative operational characteristics. These were of the Qualitative 
Material Requirement variety, and were quite detailed. Our comparison 
dealt with 31 characteristics relating to the five combat functions and 
to /ulnerability, and were presented in matrix form indicating the degree 
to which each concept met or failed to meet the tentative specification 
for each characteristic. 
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Effectiveness 

The purpose of the combat effectiveness evaluations was to 
compare the relative contributions of various MICV designs to the 
using infantry unit's success potential in each of a spectrum of 
representative combat missions. MICV concepts were evaluated in 
two basic roles: armored mobility for attacking and withdrawing 
infantry units, and providing supporting direct fire for assaulting 
and defending dismounted units. Two types of evaluation methods 
were used, computer simulated battles and mathematical analysis. 

(CHART 2) 

Environments in which effectiveness was analyzed by separate 
mathematical sub-studies are listed on this chart. These environ¬ 
ments were not included in the computer simulations bee *use it was 
felt that there would not be enough interaction between their effects 
(on relative effectiveness) and the effects of other influences 
represented in the simulations to warrant the attendant complexity. 

The nuclear sub-study was concerned with the question of 
designing protection against the effects of nuclear weapons into a 
MICV. It did not attempt an appraisal of each candidate's contribution 
to success in a nuclear battle environment, primarily because adequate 
data were not available for assessing the differences between individual 
candidate vulnerabilities to radiation effects. The sub-study examined 
box-like hulls made of combinations of radiation attenuating materials 
similar to those examine«! in earlier work on the MBT-70, and indicated 
the trade-offs between radiation protection and gross weight. Both 
initial weapons effects and residual effects were examined: for example, 
calculations were made of the added "stay time" in fallout areas that 
could be achieved with increased radiation protection. 

The chemical »nH biological sub-study was restricted to analysis 
of atWantages and disadvantages of the various available means of . 
protecting MICV occupants against the effects of these environments. 

The aircraft attack sub-study examined the question of MICV 
vulnerability to low-level fighter attacks of various types and quantified 
the variations in candidate vulnerability that could be expected. 

The area defense sub-study was concerned with those aspects of 
the use of MICV in area defense situât ions that could affect their 
relative contributions to the success of their units. A major portion of 
this sub-study dealt with the anti-personnel effectiveness of various 
types of main armament weapons. 

The artillery and mines sub-study examined the potential gross 
vulnerabilities to these weapons of the spectrum of the MICV types 
examined in our study and the amounts of variation that could exist among 
candidates. 



The combat situations that were simulated in computer-plftyed 
battles included mid and low intensity attacku, with and without tank 
support, and a delaying action. Soviet, Chinese Communist, and North 
Vietnamese forces were used as enemies in appropriate terrains. The 
next chart shows the battle environments selected. 

(CHART 3) 

More than one type of attack was played in some of these 
environments. These simulations were conducted on a specially 
modified version of the PACS II model that the SUnford Research 
Institute had designed for the Army's Combat Developments Command 
Experimentation Center; as modified for this study it is now called 
GLOBAL. It is a time-step Monte Carlo model of a battle between 
moving elements attacking or withdrawing from opposing stationary 
elements, and simulates the action of direct fire weapons in considerable 
detail. 

(CHART 4) 

This chart shows the terrain variations included in the 
simulation. Actual intervisibilities between each enemy weapon 
position and each point on each attacking vehicle's path were determined 
from map and aerial photo study and used in the simulation. 

Four distinctly different levels of intervisibility were played: 

- Terrain in Central Korea which had very restricted 
visibility at all ranges. 

Terrain in S. Germany (in Grafenwohr) which was very 
open at short ranges, partially restricted at medium 
rangos and did not permit much visibility beyond 2000 
meters. 

- Terrain in Vietnam which had few restrictions to visi¬ 
bility at short and medium ranges but considerable 
restriction at longer ranges. 

Terrain in N. Germany which provided very few 
restrictions to visibility up to about 3000 meters. 

Three levels of surface conditions were employed: Dry, meaning 
normal mobility conditions for the area concerned; Wet, meaning reduced 
mobility conditions for that area; and Rough, meaning a terrain surface 
primarily affecting vehicle vibration and thus the accuracy of weapons 
fired while moving. These three levels of surface conditions were 
represented in the simulation by changes in vehicle speed and weapon 
accuracy, as appropriate. 

284 



The effectivenei* measure* used in such an eval“‘l . 
one are critically Important to the Btudy * u#e^Ke”*rJ)"h!ri^"Jr,i 
consideration In selecting and recommending to the Army ^ "¡f** 
that were used was that they must indicate the else of the Çootr“» 
made by each MICV design to the potential success of ’ 
at least in relative terms. The effectiveness measures employed In 
tha battle simulations are shown on the next cha* t 

(CHART 5) 

The basic measure was the force ratio, which Indicated the 
relation between: the number of friendly infantry who ^“T"*d 
in fighting condition to a point "a" from which they could 
objective* and the number of enemy per.cmn*1 who .urvlved to re^ 
that aaeault when the infantry reached point a . ^ 
remaining on each .id. at any point in * PTÍ*''“1*.' 
influenced by the characteri.tic. of the MICV de.ign need In tMt 
It. firepower both reduce. the nu-T..be^enemy^ f ^ det9Jmlil(|, 

and ^lbi‘‘V'**VS «“my h. a«S to fir. at to. MICV; and it. 
*'lneTa0bin.y d^ mto.. ^y.mount of damage to MICV which «.uW. 

.nem^fire. It. crew capacity ¿VÄV^.toy.d 

£ to.““tor i”“: ÎÏ numb«*o'f'friendly infancy who are InunobilU.d 
^ÏMICVkill (and tou. left f'^»S^e 

ire. Thu. "foTc. ratio" 
design which can influence the cornet 

r^fTquCd wito on.* ^. of MICV relative to it. poten«.! when 
equipped with another type. 

Force ratio, were caleulated at four poinU in the MICV advance: 

at 500, 300, and 100 " c^™rUons between MICV . 
edge of «ha»P«»i«on, «o that » whUh might be con.ld.red 

rruftoÄatton toî tî:yin*«.«on li a di.mountod ...ault. 

The number of p.r.onn.1 cwualtie. .u.totoed at 

r.är. ä: ¿‘ä 
further operation.. The., n hl ¡ concepto who» force ra«o. 

^.‘^Xe^Ä-dM »t ^ to b. a u.eful ™ of 

relative effectiveness. 

The force, employed on both .id.., and the |«c« 
entotod It .he beginning of to. battle, at. .hown on to. neat chart. 
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(CHART 6) 

U.S. attacking forcea were of mechanized infantry battalion 
aize, in s-ime caaea reinforced by a company of MBT-70 tanka. The 
U.S. force withdrawing in the delaying action waa a mechanized 
infanbry company. The enemy forcea defending againat the U.S. attack* 
were of approximately infantry company aize; they were organized and 
equipped aa eatimatedby U.S. Army intelligence for the 1970 time frame. 
The Soviet forcea were of motorized rifle type and were reinforced bv 
tanka. ' 

The initial force ratio* were, aa stated earlier, ratio* between 
the men on each aide who would be opposed to each other in the final 
assault on the enemy position. The differences in these man-ratioa 
of course reflect the differences in the weapons with which the various 
hoatile forces were equipped. Only the men who would normally 
dismount to fight were counted in the U.S. Force, driver and gunner 
being assumed to remain with the vehicle. Thua a 6-man MICV trana- 
ported 4-men who would dismount to fight and a 12-man MICV 10, 
and it took 2 1/2 times as many 6-man MICV to transport the same 
assault force. The overall strength of an infantry unit eq uipped with 
6-man MICV would therefore be larger than that of a unit equipped with 
12-man MICV, but their starting force ratios were the same. 

These battle simulations were conducted in two phases, the first 
of which, called the Pilot Phase, was exploratory in nature. It was 
conducted prior to the availability of vulnerability data on the candidate 
designs, so we used hypothetical vehicles whose vulnerabilities could be 
readily calculated by BRI, (the vulnerability dati required by the model 
had to be derived from a BRL output of over 10 - different |robabllity 
values per candidate, and production of these u* a required very 
large expenditures of BRL effort). A set of 10 iiicles was synthesised 
by the parametric design team incorporating v ations in firepower, 
mobility, vulnerability, and crew capacity. These designs were played 
through the situations both to test the situations and to get a first 
general picture of the way effectiveness varied as these vehicle para¬ 
meters varied in each situation. 

The second phase of the computer simulations examined the 
actual MICV candidates and produced the effectiveness data used in 
coat-effectiveness calculations. The first portion of this phase was 
the examination of a large number of candidates in a limited number 
of situations - a screening operation. Results of the analysis of these 
games permitted selection of a group of six candidates and three reference 
vehicles for more thorough evaluation in a selected set of eight different 
battle situations. The 72 games contained in this final portion (each of 
which was replicated five times and the results averaged) consumed more 
than 100 hours of running time on a Burroughs 5500 computer. The 
complexity of these simulations can also be indicated by the fact that a 
large number of computer runs utilizing three different programs were 
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used in producing input d*U for the .imuUtion model, «d the total 
number of computer punch cerde used in the evaluation was over 
300,000. 

Although the set of MICV candidates used In the evaluation - 
49 concept designs and 5 existing vehicles, as mentioned «^Uer - 
did not constitute a parametric set, they did r®Pre>e"¡ * ^ 
adequate spectrum of combinations of vulnerability, mobility, and 
crew capacity variations. It was possible for us to vary main 
armament firepower in each of these at three levels. The evaluation 
could therefore Identify the effects on the liUctivMM ™ 
variations in four major parameters: vulnerability, mobility, J » 
and crew capacity. The purposes and procedures of f1® ***£ 
effectiveness output data in these games are summarised briefly on 
the next chart. 

(CHART 7) 

The first two steps point up the r«latlv® J:,“ract®¡‘ o£ 
effectiveness evaluation, which compared candUUtes wlti1 each other 
rather than with some arbitrary standard. The grouping of candidates 
further reflects the degree of statistical confidence which could be 
attached to the outputs, in that very small differences could not be 
considered useful. The third step enabled the iovrth to ^ 
impacts or effects were of course the primary outpu. of the 
simulations. The comparison of different situations also provided useful 
information as did the analysis of such V.^t on 
effects of MET use on MICV survival and of different MICV designs on 
MBT survival. 

Cost 
Before discussing the cost/effectiveness •»»lyses l briefly 

describe the cost studies. These studies were aimed at the estimation 
of procurement costs for all candidates and of complete Pr°«ra"' C°**"' 
for tne set of MICV-70 candidates which was evaluated in the final group 
of tactical situations. To this end the cost of the total P'°8rai^ 
vehicle development, procurement, and use was subdivided into the 
major functional areas shown on this chart. 

(CHART 8) 

The cost estimations for all functions of the program are 
intended to permit a comparison of costs for the c®“c®Pt* 
th»t .r. inhírent in Uwlr diff.rln, Co‘.t._.J 

included in the RDTIiE coet eetimntee (which thin etudyneeumed 
to be phased over a five year period) were: 
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Vehicle Development 
Construction of 12 Vehicles 
Testing and Evaluation < 
Management, and support from both Army and civilian sourcas 

Advanced Production Engineering was defined to include all effort from 
engineering of the production model through plant preparation, production 
planning, and manufacture of the first 10 production models. Our cost 
estimates for this phase assumed that production would be for five years 
at the rate of 1000 12-man capacity vehicles a year (or larger numbers 
of smaller vehicles, so as to provide equal total assault troop carrying 
capacity). Our Operations and Maintenance cost estimates assumed 
an average vehicle life expectancy of 7 years and a 1000 miles per year 
utilization rate for peacetime operations. We attempted to estimate these 
costs by using detailed cost experience data on generally comparable 
Army combat vehicles as a basis for estimates of each subordinate 
cost function and then aggregating these into total costs. The inadequacy 
of the available data precluded this approach in many areas, and it was 
necessary to use more approximate methods. However, the overwhelming 
components of total program cost were procurement and operations and 
maintenance costs (together amounting to over 90% of the total) and these 
costs could be estimated with greater accuracy than could those in the 
other program areas. Combat use costs were also estimated for use 
in the battle cost portion of the cost-effectiveness evaluations. 

Cost-effectiveness 

The approach taken by this study in the derivation of cost/effective¬ 
ness relationships was to attempt to isolate and relate to each other the 
combat effectiveness of oach MICV-70 concept and its related costs. Two 
forms of cost-effectiveness figures of merit were derived from the outputs 
of the computer simulation model; I will discuss the derivation, advantages, 
and disadvantages of each of them. 

(CHART 9) 

The Force Ratio-Cost Ratio Figure of Merit, called C-w, equals 
the Force Ratio (already described to you) divided by the cost ratio. The 
cost ratio is the cost per battle for a selected candidate divided by the 
average cost per battle for all candidates that were examined in the same 
battle situation. Cost per battle is the sum of three significant cost areas: 
MICV damage, personnel casualties, and main armament ammunition, 
upon arrival at each of the same points at which effectiveness was calculated. 
We assumed that the average cost of repairing or replacing a MICV which 
had been stopped by enemy fire was equal to 25% of its production cost. 
The estimated cost of a personnel casualty was based on training and 
survivor benefit costs. This figure of merit is useful for rank ordering 
candidate cost-effectiveness on the basis of direct attrition (cost per 
battle), and it is useful for a quick, gross comparison of candidates by 
use of a single number for each. 
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A disadvantage is that it would make a candidate having extremely 
low vulnerability appear to have disproportionately high cost-effectiveness, 
because its costs would be reduced to the relatively minor cost of main 
armament ammunition, and thus its cost ratio would approach sero. 

Another disadvantage is that C—does not account for initial 
investment, and in order to avoid this more serious disadvantage a 
somewhat more complex figure of merit was derived. Its use required 
a method of plotting the total of initial investment cost and recurring 
battle costs so as to produce a gross total cost of using a given type v*f 
MICV in a particular type of battle, and while doing so to reflect the 
relative effectiveness measure attained by that MIC in that battle. 
The next chart illustrates the plotting procedure used. 

(CHART 10) 

In this hypothetical case the initial cost of all MICV in this 
infantry unit is 2 million dollars. The average cost of one battle is 
1 million dollars. The force ratio achieved is 2. The lix.c representing 
the total cost of using this MICV is this unit thus begins at i million 
dollars and increases 1 million dollars while attaining a force ratio of 
two. Note that the number of battles actually fought is measured along 
the total cost line rather than along the X axis, which shows total 
cumulative effectiveness in terms of force ratio times number of battles. 
The total cost at the end of one battle is 3 million dollars, and in this 
case will increase 1 million for each succeeding battle of this same type. 
In order to use this procedure two MICV types must be compared, as 
in the next chart. 

(CHART 11) 

Here two MICV types have been plotted, and the point of interest 
is the intersection of their U tal cost lines. At this point they have 
cost the same amount for an equivalent total amount of effectiveness. 
Np, the Initial Cost Amortisation Figure of Merit, is the number of these 
battles that the initially more expensive MICV (B in this case) must 
fight before its total cost becomes less than that of the other MICV (A 
in this case). If this number - in this case it is 4 battles - is considered 
to be fewer than the total that this unit should be expected to fight before 
its MICV become obsolete and are replaced by a newer type, then MICV 
B will be a less expensive type to own and use than MICV A. The advantage 
of this figure of merit is that it considers both initial investment and 
battle costs, and its disadvantage is that it requires a judgement as to the 
number of battles of each type that a MICV must be expected to fight 
however, it should be recognized that the use of other figures of merit 
also involves the same sort of judgement, whether explicitly or implicitly. 



Summary 

TM« ha« been a very brief description of the highlight« of our 

result oí thi. effort ha. been our de.ign, a. an «xten.lon 
.tudy, of a -'nP-t .^U^n m delcrlblng thiI SABER model 

Âg'^Uvîred to thfû.S^rmy Weapon. Command thi. «ek. 

W. a. Cornell feel th. ^le.of |hl. W ^'¡'.^"i^rdUelop- 

ment#effort. are “a^atÄÄl, what ...d with 
the greatest economy of resource«. 
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CHART 2 

MATHEMATICAL ANALYSES, ENVIRONMENTS, 

COMBAT EFFECTIVENESS EVALUATIONS 

0 Nuclear 

0 Chemical and Biological 

O Attack by Aircraft 

O Area Defense 

0 Vulnerability to Artillery and AT Mines 
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Conflict 
Intensity 

Mid 

Mid 

Low 
(Type I) 

CHART 3 

BATTLE SIMULATION ENVIRONMENTS, 
COMBAT EFFECTIVENESS EVALUATIONS 

Geo. Area 

N. and S. Ger. 

Korea 

S. Viet Nam 

Type U.S. U. S. 
Enemy Force Missions 

Soviet Inf w/Tk Attack 
Delay 

CCA Inf w/Tk Attack 
Inf alone 

PAVN Inf alone Attack 

293 



CHART 4 

TERRAIN CHARACTERISTICS 

SIMULATED RATTLES 

Terrains 

4 Levels of Intervisibility 

- Restricted at ail ranges (Central Korea) 

- Few short range restrictions; (S. Germany) 

More at medium ranges; 

Many at long ranges. 

- Tew short/medium range restrictions; (S. VietNam) 

Some at long ranges 

- Few restrictions all ranges (N. Germany) 

3 Levels of Surface Conditions 

- Dry (Normal Mobility) 

- Wet (Reduced Mobility) 

- Rough (Reduced Weapon Accuracy) 
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CHART 5 

EFFECTIVENESS MEASURES 

FCR BATTLE SIMULATIONS 

Force Ratio At Selpcted Points (FF) 

No. of US Inf, delivered utwounded at Point a_ 
FRa * No. of En. defenders unwounded, when MICV reaches "a" 

Vehicle Losses Sustained 

Personnel Casualties Sustained 
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CHART 6 

FORCE CHARACTERISTICS 

, SIMULATED BATTLES 

U.S. Force 

5 Inf. Heavy Battalion Size Task Force 

3 Inf. (Only) Battalion Force 

^ Inf. (Only) Company Force 

Attack 

Delay 

Enemy Force 

^ Company (-) to Company (+) 

^ Organization, Equipment, Weapons as Postulated 

for 1970 Period. 

°With and Without Tanks 

Initial Force Ratios 

° Germany : 
U.S. Force 

Sov. Force 
2 

0 Korea: 
U.S. Force 

CCA Force 
1.67 

U.S. Force 
o Vietnam: 

PAVN Force 
1.52 
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CHART 7 

ANALYSIS STEPS 
BATTLE SIMULATION RESULTS 

a Rank Order Candidates, Each Situation, by FR. 

^Group Candidates, Each Situation, by Approximately Equal FR. 

^Correlate Candidate Firepower, Mobility, Vulnerability, Size Class with 
FR Group. 

o Analyze Firepower, Mobility, Vulnerability, Size Impacts on Effectiveness, 

oCompare Effectiveness in Different Situations. 

^Analyze Special Case Considerations. 
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CHART 8 

MICV-70 COMPLETE PROGRAM COSTS 

«>Research, Development, Test and Evaluation (RDT & E) 

oAdvanced Production Engineering (APE) 

oProduction of Equipment (PEA) 

aPeacetlme Operation and Maintenance (0 & M) 
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CHART 9 

FORCE RATÏO/COST RATIO 
FIGURE OF MERIT (C^) 

'EM 
Force Ratio 
Cost Ratio 

Force Ratio 
Cost per Battle 
Av. Cost per Battle 

Where r 
(Cos 

Cost per Battle « 

[Cost of All MICV Damage 
+ 

Cost of All Pars. Casualties 
+ 

Cost VRFWS Amo Exp. 

And 

Av Cost Each Damaged MICV - 25X of that MICV’s Proc. Cost 

Av Cost Each Pers. Cas. - $3500 
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CHART 10 

METHOD OF PLOTTING TOTAL COST 

FOR A NUMBER OF BATTLES WHICH ALSO 

REFLECTS EFFECTIVENESS 
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CHART H 

initial cost amortization 
yrr.imE OF MERIT-lîip) 

Ne . Number of Battle» for Cost Equallratlon 

T MICV A 



DIGITAL SIMULATION FOR REAL TIME COMMAND CONTROL 

OF ARMY LOGISTICS IN THE FIELD 

MAJOR DANIEL K. MALONE 

A large scale digital simulation is proposed which by use of proven 

OR techniques recreates the logistical real world as a model for real time 

coranand and control. The model's feasibility Is supported by comparison 

with successful civilian applications and Its viability Is supported by 

echelonment to allow for local command perrogatlves. 

j 
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DIGITAL SIMULATION FOR REAL TIME 

COMMAND Cr.:rROL uF ARMY LOGISTICS IN THE FIELD 

by 

MAJOR DANIEL K. MALONE 

US ARMY COMBAT DEVELOPMENTS COMfAND ARTILLERY AGENCY 

While Operations Research has won quotidlanal recognition in Army 

research and development, one of the relative newcomers to the OR practi¬ 

tioner's catalogue of methodologies has somewhat lagged the others in its 

practical application. That methodology is digital simulation. 

While we find this technique used in civilian industry for manage¬ 

ment and control of a variety of processes, its use in the military has 

been largely to study the potential of various hypothetical organisations, 

weapons, weapon mixes, and so on, for some future time. These war gamings 

and such must necessarily sum over many perturbations due (rightly so) 

to a tactical comnander's personal judgment strategies. Yet the world of 

the logistician, by contrast, is full of boxes and shipbottoms which are 

readily measurable and of demand and failure rates which, by appropriate 

statistical methodologies, are at least estimable. 

This paper will attempt to show that we have the tools today to es¬ 

tablish and use a digital simulation of logistical operations as a tool 

to facilitate their real time cjemand and control. 

SYSTEMS MANAGEMENT AND SYSTEMS SIMULATION 

The most subtle, yet perhaps the most crucial, facet supporting this 

hypothesis has been the on-^oing evolution of organisation theory and its 

probable extrapolation. Commanders exert control through organisations. 

If the organisation is not modeled on some quantifiable and coherent atruc 

ture, there can be no coherent simulation. 

Today's conceptualisation of an organisation is, in fact, coherent 

so far as a computer depiction is concerned. Under the aegis of the sys¬ 

tems concept, we have come to accept an organisation as a balanced set 

of inputs and outputs, whose balance is determined by the process which 

the organisation performs and which is kept in balance by some feedback- 

based control. 

This paper solely reflects the views of the author and does not pur¬ 

port to be a position of the represented Army Agency. 
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Prior to the industrial revolution, before man began to be organized 
around machines, there was no quantifiable model which would support the 
kind of simulation we have in mind. Organizations were conceptualized as 
structures of authority in the ordinary organization chart to which we are 
accustomed. While these serve the purposes of conceptualizing the arch¬ 
typical Weberian structure, they are of minimal value for the conceptuali¬ 
zation of a simulation of a logistics flow. In fact, this prior philosophy 
wis so singularly peopie-criented, that Professor McLuhan might tell us 
that due solely to our Judeo-Christian tradition, we even blessed the media 
with putting the boss at the top. 

Inevitably, with the evolution of technology, Norbert Weiner's cyber-, 
netics in World W^r II and the writings of such people as Talcott Parsons, 
Kenneth Boulding, and C. P. Snow’’ caused the traditional model to give way 
and the systems philosophy to achieve the ascendancy of the times. 

But while the pre-industrial theory may be too naive for the problems 
at hand, the apparent simplicity of the systems concept often makes it too 
Narcissian. Even though inventory fluctuations have, for example been 
directly solved by the mathematics of servo-mechanisms,^ not too much of 
the real world is expressible as a single set of input, output, processor, 
and control. 

By extrapolation, though, we can see the evolving conceptualization 
of an organization as a more realistic depiction of a hierarchy of vari¬ 
egated systems, each interrelated to the other, each subject to a hierarchy 
of controls. We might envision a fleet of trucks and helicopters supplying 
various deployed units, the fleet in turn supported by a petroleum supply 
system, maintenance units, more trucks and helicopters bringing spares and 
repair parts, and so on back to the manufacturing and extractive processes 
themselves. 

Thus, under older conceptualizations of organization, OR applications 
frequently were limited to a small nodal point of the total process at 
hand because the process itself was hidden in the media of expression of 
what an organization was. Today our organizational conceptualization is more 
aligned to the work process flow itself. Conversely, as we extend our efforts 
to manage real world circumstances, we find real world organizations them¬ 
selves being designed towards the theoretical model. 

The significance of these organizational perlgrinatlons to digital 
simulation is that when the technology of computer-based information sys¬ 
tems is Injected into a real world organization based on the hler&rchlal 
conception of systems, a digital model of the real world can be constructed, 
to any level of detail we choose to measure it. 
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Further, by the addition of the arithmetic relationahlpa that unite, 

for example, weight and cube measures of boxes to be shipped with weight 

and cube capacities of transportation resources, the model can be made 

dynamic . 

Finally, if we use the computer model itself within the control loop, 

the Commander can easily extend it by furnishing the model hypothesised 

loads to determine what his related resource requirements would be. At 

this point, the information system becomes a digital simulation for com¬ 

mand and control. 

COMING TO GRIPS WITH THE STOCHASTIC 

ENVIRONMENT OF LOGISTICAL SUPPORT OPERATIONS 

True, when we pose the use of a complex information system for the 

rather pedestrian application of modeling arithmetically related portions 

of a logistics system, we may be accused of driving a tack with a pile 

driver. However, this application does have its place and we in the Army 

should recognize its proven value. 

General Electric applied it to a radio receiver production line and 

reduced the time required to balance the line from three weeks to five 

minutes.5 Extended to several feeder lines, their use of digital simula¬ 

tion enabled an increase in stockturn from only six times per year to a 

full 4d times per yesr.^ Even though limited to directly coupled Inputs 

and outputs, such a simulation is not something to be given short shrift. 

This is not to say that for logistics management digital simulation 

is or should be limited to arithemetically related subelements. The 

logistical realm is populated by stochastically failing equipments, Stoch¬ 

astic patterns of demand, and, of course, stochastically occurring combat 

losses. However, i»ach of the typical examples of, for instance demand 

patterns, have been identified and solved, individually at least, in civilian 

OR applications. We have inventory models of Poisson demand with fixed 

lead times,^ Poisson demand with gamma lead times,” and even models which 

in the determination of Economic Order Quantities (EOQ) consider the inter¬ 

action of the various item orders involved, through the use of simulation 

trials.^ 

Other approaches, such as exponential smoothing have also proven their 

worth in typical demand experiences strongly influenced by the sinusoidal 

meanderings of the economic and business cycle. As shown in Figure 1, these 

typical situations are demands that fluctue* about a fairly constant aver¬ 

age, demands that show an up-trend (or, conversely, a downtrend), t^t have 

seasonal or cyclical patterns, and even cyclical with random noise. 
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UPTREND SEASONAL / CYCUCAL W/ NOÍSE 

FIGURE I 

These patterns are Identical to those encountered In a typical military 

logistics situation. The up-trend would typify demand during a rapid build- 

irt‘ f“=‘í v!ewed « .n, Uv.l oí org.nlr.tlo„ cyclic, p.«ero 

witl, noi.e night be lodlcetlve of • long eerie, of United *er/lntern.l 

stability operations of brief and see-sawing tactical successes, when view 

ing the economic/logistic operation at the national level. Even seccl-n 

trends are duplicated in the military in the life cycle of development, 

fielding, and obsolescence of weapon systems and other assets. 

Not only are there existing and proven techniques for measuring, for 

.xamoU repïlî part. inventor/««ect. due to end item secular trend, but 

lîTluitîîî .qïîUîot retiraient policie, .re b...d on . rigidly controlled 

program rather than the nhlma of the market piece. In »hott. In Inventory 
program ratnerc atlon of a digital simulation of logistical opera¬ 

tions is made feasible by prior successful applications in civilian industry 

and is made easier because of the increased visibility of possible deman 

perturbation.**» «hat 1. In ...ence a controlled militar, merket place. 

There is, though, one facet of inventory management emerging which is 

not usually addressed in inventory management discussions (a result, in 

fact, of successfully applied OR techniques) which bears «M«»1 consider 

tion in the construction of a digital simulation for use in .he field. 

It is that reliability and maintainability are more and ®oreLfye^u*"tly 

bclng^trcated*parametrlcally in aqulpmant da.lgn, Plr.t, -a a.tabll.h th. 
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Hear. Tima Bat«..« Fallura (KTBF) and tha Maan Tina Io Rapair (KrTR) th« 

we wmt to h..a, than «. daalgn to It. In tha pa.t, w. »old build •»' 

thing, then test it to see how long it would last. 

While this approach has been applied largely 
tronics, we find wear-out more and more planned in the tank-*ut0«tive 

and ,manent areas, too, in such ubiquitous it«, as b«tariM, tir^ 

bearings, and the general class of things that have surfaces which fail 

by friction wear. We meet this phenomenon ourselves whenever we buy tires 

for our own automobiles, with a guaranteed wear-out period. 

What does this cause in the demand pattern? It will P^re 
2, wherein the failure, over time are clustered around tha planned out 

date. When viewed in macros, in an inventory model used f°r 

control at, say, theater le/el, the relative homogeniety of 

as viewed from that level conceals the pattern in micros. But 

situation such as has recently existed, units £ 

as units, and are equipped with item, coming off the Proj^°“ JJ“* Uiluv 
relatively the same time. Hence, they may experience 
rate at unit level because that unit's equipment will tend to fail at tha 

same time. 

FAILURE 

RATE 

NTH. BM 

MFG a 
DATE 

N4I N+2 

FIGURE 2 

H+U 

We have two options here; via., to change the model t® flt 5^*. r**1 
world or conversely, change the reel world to fit the model, lAich in 

lying homogeniety in the population. 

* 
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Ht could perhaps reshuffle equipment among uiits to obtain the ho«î- 

genlety usually assumed. In this case, however, we are constrained by the 

availability of equipment in a rapid build-up situation and the need, for 

example to have tube aitillery of similar age grouped in each battery to 

eliminate the gunnery computations for severe tube-to-tube variances. 

Alternatively, then, we vould desire to uso our simulation model to: 

a. Keep track of the unit and unit location of class-life items 

such as we have; 

b. Alter the appropriate algorithms to sense a rapid change in 

failure rates or demand (such as is done in some higher order exponential 

smoothing techniques); 

c. Compare the instant experience with a priori predicted behavior; 

d Apply the a posteriori knowledge to update the model; and, 

e. Afford translation points to reflect homogeniety at some 

preselected high echelon to enable orderly procurement. 

Needless to say, there is slim chance of providing either the level 

of accurate detail at unit level or the scope of expansiveness at national 

levels without the use of computers. 

Aside from some short range difficulties in modeling such a demand 

situation, carefully planned design-to/build-to failure rates specifications 

offer some interesting possibilities. We once reached a point where we 

were willing to pay for minimum machining tolerances to buy interchange- 

ability of parts in manufacturing and maintenance. Conceivably, considering 

the known trade-off between physical inventory and tetter data to manage 

it, thereouçr come a time when we are willing to pay for predetermined vari¬ 

ance in failure expectancies to buy a better ability to manage our assets 

Aside from this latter idiosyncrasy, however, all of the typical demand 

patterns descriptive of inventory performance have been identified, analysed, 

and practically and tractably solved with OR methodologies. Ail that remains 

to achieve a viable digital simulator is to put them together en masse, and 

of course, marry them to a system capable of doing the supporting computa¬ 

tion en masse. 

In Figure 3 are displayed the results obtained by a slater service in 

the application of a RAND-developed model for base management of recoverable 

spares. The model, fairly large in scope, compares an OR scheme using the 

systems approach and also a Bayes method to an existing stockage policy. 
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250 500 750 1000 INVESTMENT (XIO3 |) 

FILL RATE VS INVESTMENT IN INVENTORY 
FEENEY ft SHEFBROOK, A SYSTEM APPROACH TO BASE STOCKA.« OF 

RECOVERABLE ITEMS RAND 'S5 P.27 

FIGURE 3 

The newer methodologies produced the seme fill r*Te for one-half and 

sometimes one-quarter the cost of the present method.“ The present method 

is akin to the Army method of basing requisitions on a posteriori demand 

experience, assumed order and shipping times, and retention of empirically 

determined safety levels. 

While these savings are measured here In dollars, these dollars, In 

the field, measure men, manhours, and other materiel made available for 

other missions. What is needed is the construction of similar models usin« 

fleldable computation equipeient, which can provide similar functions in 

Army logistics. 

CONSTRUCTING THE MODEL IN THE FIELD 

OR techniques to manage these kinds of problems have been successfully 

applied for a good number of years. Mucn effort has likewise been expended 

to apply classic OR techniques to the specific problems encountered by a 

Logistical Commander. One Operations Re&»arch Group has, for example, pre¬ 

pared a collection of models to be used to assist in logistical planning. 

Their models include: 

a. Dry cargo computation with phased populations; 

b. POL computation and apportionment; 



c. Casualty and hospitalization programning; 

d. Dry cargo apportionment; 

e. Network analysis; 

f. Airfield construction; 

g. Combat roads, tactical bridging, and tactical airfield con¬ 

strue tlon; 

h. COMMZ roads; 

i. COMMZ railraoda. 

Department of the Army also uses a simulatbn model, called PROMO, to 

project procurement requirements for some 700 major end items and their 

repair parts under various mobilization projections, incorporating as well 

suboptimization rólleles between early inventory accumulation and captlal 

investment.^ 

In sum, so far as OR techniques are concerned, enough appllcatory 

work has been done to carve a viable approach to constructing a simulation 

model for use in the field. The remaining items for consideration are the 

use of the model after its completion, which reflexively determines much 

of its specific methodology, and the availability of a data base in the 

field to support such a model. 

The use of the model would be in two general categories; planning and 

real time control. 

For planning, the Commander would want to input such things as antici¬ 

pated requirements for various classes of supply. In some cases, the 

quantities are based on number of people. In other cases, the quantities 

are based on numbers of items times some factor such as in the case of 

trucks and anticipated mileage. To be most usable, the model would have 

to accept the demental item, and compute requirements from theteup. 

Outputs desired would be the number of shipfuls of gasoline or tons 

of cargo or some other measure usable at the level of action concerned. 

Or, conversely, the process might be the input of gross quantities to yield 

an output of detailed distribution in loading plan form. 

The unique advantages of the simulation approach are the level of de¬ 

tail to which or from which computational planning can be performed and the 

speed at which this sort of thing can be done. In the summer of 1944, while 

our armies were moving acorss continental Europe, several potentially signi¬ 

ficant airborne operations had to be cancelled simply because the ground 

forces were moving faster than the airborne army could plan.l4 Considering 

the possible on agaln-off again environment that can characterize limited 

war/counter Insurgency environment and the Increased mechanisation and tech¬ 

nical complexity of the support of our modern army, the speed and detail 

manageable with digital simulation of this sort holds Indeed many advantages. 
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A critlc*l question at this juncture is the determination of the eche¬ 

lon of command at which such a simulation should be constructed and used. 

Assuming an adequate data base, the answer is that each echelon concerned 

with a given set of resources could profitably use a model which would 

support decisions for the application of that set of resources. At a given 

echelon possessing, say, 100 trucks and 50 helicopters, a usable model 

would, given delivery requirements, roadspace availability, and the like, 

determine an optimum routing and loading schedule and also determina remain¬ 

ing lift requirements for transmission to the next echelon possessing trans¬ 

portation resources. This approach to echelonment evolves from the notion 

of a hierarchy of systems in the basic conceptual approach to model corstruc- 

tion and hence is a bridge to the use of the model for its second purpose, 

real time command and control. 

The various echelons of the logistics hierarchy, let's say a Division 

Corps and Army Support Command, are not rigidly Interconnected structures. 

There are instead definable stochastic functions describing their inter¬ 

faces which perform analogous to the ''decoupling" function of inventory 

separating supply and demand.0 Inventory, according to John P. Magee, is 

necessary because it takes time to complete one operation and move to the 

next and because different parts of an organisation need to schedule their 

activities somewhat independently. 6 

"Inventories" of either actual stocks or of resources "decouple" one 

echelon from another in the logistical hierarchy of organisations as well. 

Depending on the size of these Inventories, each echelon has the capacity 

to react to unusual local requirements at certain rates and to absorb main¬ 

tenance down time, combat losses, and the like. Given this "slack" and an 

echelonment of models at operations centers in each modeled echelon, a Com¬ 

mander can first plan, then control the conduct of operations. 

Most staff work consists of gathering data on available resources and 

projected demand and then computing Its best application. Here the caaqwter 

provides the data, and with the model, derives the optimum solution. With 

communications between echelons, requests for support are passed to higher 

echelons where more resources are available, computation of the beat allo¬ 

cation or reallocation Is performed, and Instructions then Issued to the 

subordinate unis Involved. In thla way, the model projects itself Into 

real time command and control.The hypothesis somewhat evolves, then, from 

construction of a model using existing OR techniques of inventory theory to 

estimate demand, queuing theory to assist In routing selection or wharf con¬ 

struction, and so on. Once such a model la constructed, a Commander can 

use it as an aid In planning. 

But once experience factors are obralned for, e.g., demand, and the 

process la underway, he can use the same modal for real time command and 
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control »Imply by providing real time Inputs of, e.g, demand experience, 
transportation requirement" and the like, and using the model as he would 
a numan staff. 

APPLICABILITY TO LIMITED WAR/COUNTERINSURGENCY 

Two factors intimate the advantages of applying digital simulation 
in limited war/counterlnsuigency: 

a. The limited scope of limited war so far as resources are con¬ 
cerned. 

b. The advantage of training people to use the technique on a 
limited basis. 

Klauss Knorr, a leading political economist, notes that: 

''A technologically superior nation with higher labor productivity 
will end up fighting on or near a lesser's soil and be force^ to transport 
coaibat power thereto and use lesser communications therein." 

So far as constructing a digital simulation Is concerned, this means 
that the alternative choices of seaports, forward depots, and transporta¬ 
tion means are limited, thus simplifying their modeling. Also, Just the 
sheer sise of effort In a war such as Vietnam, taking ten percent of our 
GHP versus about forty percent plus during WW II, results in a lesser con- 
fualon in going about it logistically. In WW II, the phrenetic efforts to 
mobilise and get on with the war led to such thlnas as revising the aircraft 
production schedule some 212 times In 1944 alone.IB The materiale set aside 
and subsidiary allocations resulting from such intense change would fantas¬ 
tically complicate the original construction of a digital simulation and 
etrongly hinder its use. This is not to say, of course, there are not severe 
allocation problems at all, but rather, to intimate that from the raw re¬ 
sources forward there Is less confusion and hence more possibility for 
successful construction and use of a digital simulation in a limited war. 

Further, this should not imply that we must begin logistics management 
with simulation models on an all or nothing basis, even though this dis¬ 
cussion of the lesser complications would perhaps Invite auch a course of 
action. It is even hard to say what is "all" when it comes to preparing 
such a simulation. Considering the gold flow problem, for example, we know 
that due to retention of traditional economic ties with former colonial 
powers, some of our expenditures in the Orient get back to occidental claim¬ 
ants on our reserves. But we must also ship in some amount of consumer 
products to, for example Vietnam, in order to offset increased disposable 
income caused by our ln-country dealings. Should we even try to model this 
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to predict the wharfege and lighterage requirement* to be aat aside? 
Actually, we can do Just as well by Judgment, Judging what the space 
set aside should be and basing our model on the remaining capacity. 

The second ¿actor, that of training people in the use of simulation, 
and, for that matter, In the need of accurate data, further Indicates the 
need to start small. True, the Injection of computers leads to the 
accurlzing of data, but In situations wherein Indigenous personnel are 
used, problems of handling, e.g., Inventory data reading 12 USENOHOOKS 
and 64 FRAGILES are going to have to be met and bested. 

Further, are our people themselves trainable In the use of the tech¬ 
nique? OCS, our prime source of officers under mobilisation, presently 
requires only a high school level of education and a GT score of HO. 
Under a higher level of mobilization, we could expect no increase In re¬ 
quirements. 

However, in our professional corps we have a rather large proportion 
of officers with graduate degrees. The Haines Board, which recently con¬ 
ducted a thoroughgoing study of the Army schooling system, proposed that 
an Operations Research/Syatetos Analysis program be formally organised 
such that captains and majors would be given the opportunity to obtain 
graduate degrees In OR, and subsequently be assigned In positions where 
OR might be usable. The Board also proposed that OR be Included as an 
elective area of study at the three upper levels of officer career school¬ 
ing. This would also afford at least a general exposure to all attendees. 
Finally, the Board recommended that TD and TO&E spaces be Identified as 
billets requiring advanced degrees In various disciplines, including 
Operations Research.21 

Initially at least, the officers Involved In these latter prograau 
will be about the only ones capable of really using digital slsiulation 
techniques and, especially, of making it usable to a comswnder in the 
field. Again, in limited war It will be easier to Identify and proparly 

* assign such peuple. 

But, limited war or no, both the efficiency of the elemental modal* 
and the acceptance of the OR techniques themselves will be measurably en¬ 
hanced by using small scale applications at first and growing to more in¬ 
clusive situations later on. Host Importantly, considering that several 
years would be required to establish a really useful model, it would 
again appear to offer advantages of scale to work to complete a digital 
simulation of the support of a complete fielded Army force in limited war, 
so that the skeleton of a simulator for use in a more extended conflict 
would be available. Extrapolating today's technological complexity Into 
tomorrow, the detail and speed afforded by digital simulation may be a 
prerequisite to success In another all-out conflict. 



In suanary, it can be laid that since we have in the nllitary logis¬ 

tics environnent in the field a set of circuastances that match civilian 

clrcusMtances in which OR methodologies have been successfully applle! 

we should, with little modification, be able to inject these same meth¬ 

odologies to obtain military solutions. Second, with the data system 

which will become available to support logistics command and control we 

have the unique opportunity of building an echeloned simulation model 

matched to the level of resources of each hierarchical comnand, and to 

tie them together. These properties of the environment enable the digital 

simulation to be used for real time comnand and control as well as for 

future planning. Finally, considering the anticipated capability of the 

personnel concerned, we can profitably begin the undertaking in the rela¬ 

tively limited complexity of limited war. 

True, the successful conclusion of such an undertaking is not just 

around the corner. There are some serious problems in the path, but we 

should consider the task in the light of these words by Jenkin Lloyd 

Jones : 

"The vision of things to be done may come a long time before the 

way of doing them becomes clear, but woe to him who distrusts the vision." 
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It is a never ending problem for military planners to anticipate 

electrical communication requirements and to manage the communica¬ 

tion resources necessary to support tactical operations. The 

communications requirements derive from information transfer anrng 

the participants during operations and it is this transfer that re¬ 

quires identification and quantification in advmce. Information 

transfer in this case pertains to the management of tht •'ilitary 

operation and is transported over electrica], communicator, systems. 

Information transfer in this context will generate electrical com¬ 

munication traffic and these terms will be used interchangeably 

throughout the paper. 

The flow of electrical traffic through a communication network, re¬ 

sulting from tactical 0] “rations, is a difficult subject to order or 

rationalize. One of the difficulties stems from the characterization 

of traffic since tl -• tra nsfer of information may assume many forms 

and be treated in many ways. For example, consider the forms of 

information as presented to the electrical communication system, i.e., 

as written, spoken or viewed material. The electrical communication 

system must accept these inputs and transfer the operational informa¬ 

tion from the originator to the user. All such Information can be 

placed in digital form and transferred over the electrical communictv 

tion system through the employment of digital techniques. The modern 

trend is toward all digital systems, however, extensive analog Systems 

are in being and will be in evidence for a long while. The present 

day traffic analyst and circuit engineer must deal with both analog 

and discrete or digital traffic. Next consider a priority system if 

particular voice calls or written messages should have preferential 

treatment throughout the system. This gives rise to pre-emption or 

interruption schemes and to a choice of priority levels. Any choice 

presents difficulty because pre-empted traffic must be initiated 

following traffic of higher priority or precedence and the interrupird 

traffic must be joined ut the receive terminal or re-transmitted. Next, 

consider the routing traffic mudt folio.; to get through a network. The 

trafile must follow specified doctriie each time it encounters a node 

or relay peint. For example, the traffic may be stored and forwarded 
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or switched through a node in r**al time. If a particular link in 

a net is not operating, then an alternate route is sought through 

the net or the traffic is delayed until the link is again opera- 

tio ial. The above discussion is not intended to be a discourse on 

communication traffic flow through a network but is intended to 

show that a description of traffic through a network is complicated 

and very difficult to analyze. 

One of the commonly employed techniques for testing traffic or 

information flow, is through the analysis of military exercises or 

the examination of real operations. These approaches are good ones 

cut suffer from the fact that in each case the analyst is studying 

history and the situation may never be repeated. This is especially 

true if contingency planning is the primary concern. Contingencies 

retrely duplicate. Another drawback to the military exercise is cost. 

The exercise of forces is indeed necessary to prove many facets of 

military operations but the communication traffic necessary to sup¬ 

port tactical operations cannot be exercised or rehearsed for each 

operation. 

Another timely approach to the problem of anticipating traffic is 

the Command Post Exercise or CPX. This type of test, exercises the 

communication system by entering traffic at selected points and in 

controlled types and amounts. The problem in this case is to admit 

realistic amounts and kinds of traffic to measure the system effec¬ 

tiveness in the real world. 

Extrapolation is another commonly employed technique for anticipat¬ 

ing future needs. This is an excellent technique for those situations 

where poplation or industrial growth is reflected in increased com- 

mui'ication requirements. The requirements to satisfy tactical opera¬ 

tions, however, usually change abiuptly according to the operation 

so this technique is less attractive in the tactical case. 

Analytical treatment of traffic flow through a network is not 

tractable except in the most simple cases. The treatment of many 

nodes in the real world system has been overwhelming. 

Many investigators have turned to simulation to analyze traffic fl 

through real world networks. Simulation techniques have proven to 

be very powerful tests, however, the problem of loading a simulator 

to describe the traffic in support of tactical operation persists. 

A key to the solution of this problem would be the relationships be- 

twen.. operational events and the generation of traffic. It is 

postulated this can be done by employing experienced planners and 

operations specialists to identify communication traffic associated 

with operational events. This leads to an orderly and logical step- 

by-step method for generating traffic, imposing it on a defined or 
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real communication network and simulating the flow to determine if 

command and control functions are satisfied. The following discus¬ 

sion outlines the step-by-step method. 

The first step is to establish the tactical situation. This can he 

done through scenarios, operations plans or contingency plans. The 

scenario approach has several advantages. The main advantage is the 

ability to choose the environment, both political and physical, the 

level of conflict, and the kind of weapons, both conventional or 

nuclear and the disposition of resources. The scenario can be made 

realistic and selected parameters of the situation can be changed at 

will. This is a very economical way to exercise forces in a variety 

of situations and environments. The operation pljn describes a real 

world situation and is also ideal for identifying traffic to support 

a tactical operation. Indeed, this step-by-step method could become 

a part of operational planning to determine the extent of communica¬ 

tion resources necessary to satisfy coramamd and control needs. The 

contingency plan is very similar to the operation plan but is 

generally far more sensitive. The employment of a contingency plan 

to provide a tactical situation for analysis would require extensive 

and strict security measures. 

The next step in the method is the resolution of operational events 

into a PERT type chart. This step requires the planner to exercise 

discipline by identifying each organizational and functional unit 

participating in the operation. It should he noted that organiza¬ 

tional units represent known entities during tactical operations. 

Tlie planner, employing a PERT type chart can trace the participants 

through the operation and identify operation events. The resulting 

chart not only serves as a base for generating communication traffic 

but also provides an excellent means for displaying the operation. 

The third step relates the generation of communication traffic and 

tactical operational events. This step is the very heart of the 

method and warrants detailed attention. The first fundamental point 

concerns traffic generation at the source. This is in contrast to 

sampling traffic at message centers or relay points. In this case, 

traffic generation is idertified at the lowest combat element and 

carried up through ascending echelons of command. Discrete messages 

or calls and distributed traffic are related to each organizational 

unit as a consequence of operational events. Higher levels of com¬ 

mand generate high density traffic and it becomes impractical to 

identify discrete traffic so established sampling metho'" prevail. 

Higher levels of command are generally served by strategic communi¬ 

cation systems which have been analyzed through established tech¬ 

niques. The interface between tactiL^l and strategic communication 

systems can be accomplished if the traffic characterization and the 

utilization factors of the interfacing channels are known. Utiliza¬ 

tion factor in this case is defined es the ratio of traffic arriva]- 

I 
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rate to service rate. 

The planners or operations specialists, as they examine the opera¬ 

tional events, identify the generated traffic and determine the 

recipients. This action identifies the traffic sources ^ Jinks 

and provides a means for constructing need or «^IjBhing 

matrix to show information flow among the participants. This 1 

accomplished without consideration for an existing or defined c 

munication network. 

The nert step Includes the Imposition of lnforM‘i°n(f0“ ‘ 
or defined conrcunlcstion system. This requires 
of a nath for each discrete message or caU and paths for distributed 

traffic. In addition, the routing doctrine, relay Instruction, and 

pdorlty schemes must be accommodated by the comnrinlcatior system. 

The next step Includes the simulation uhlch 
transmission time between any two terminals for hourly traf - 

“-nty-four hour period. Th* simulator as 

will calculate the resources necessary to provide a 8radJ 
enr alven traffic loads or will calculate average transmission times 

í^ces «d trifle loads. The end result Is a record 

of queue locations within a net resulting from generated traff , 

length of queues, and average times of transraission. 

■Per The analyst, after studying the location, and extent of q 
and* averag^transmisalon time can mshe appropriate adjustments in Tã resource^allocatlons. He can also make parametric changes to 

study the effect on network behavior. 

An example will be given using figures to show the steps of the 

method: 

Figure 1 shows a matrix 

and^tltuatlons fir depicting tactical 

operations. 

PU^ln. W.WU,. .. «U « . 

generating electrical traffic. 

Figure 3 shows Information flow lines for a small operation on D *3. 

TV, 1 n identifies the trpfflc source and sinks. 

r 
A 
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Picure 4 shows a defined communication system to carry the traffic 
ceneratedfrom the operation. Note the information line numbers 
sho^ on pîevious fibres. An example is line 17 that connects 
terminals 20 and 04. This is a devious route for a simple line 

shown on Figure 3« 

C eh0VB computer resulte betveen tvo terminale during » 

scenario generated operation. “.VSE^and re- 

ieSnSf^ l“'ly Äred numbers 13 -d 14 repre- 

1400 b|s 0, tbe T -^r""d5tÍ: “ss- 

hour 10 raessttges experienced an average «v 

T if in nnstulated that tactical operations can be divided 
^t“» and1 communication traffic related to the events. The 

IrSf" ^ be simulated through a 

tr^BÒ?8eeív“r °íhues”p-b”“«p method mW provide a baals for 
^iuaglng "”^1® to meet Mt^e Uctlcel operation.. 
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Node 6 

Figure 4. D + 3 Communications Channels 
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Figure 3. D + 3 Information Flow Linea 

324 



Radio 
Report To 

' 1 Bn & Brigade 
i£e montei 

Demolition] ! 
Of Bridge \J 

I Units Of 
4 Platoons 
Start Search 

3 Platoons ( 
Start I 

Search 

Ambush 2 
Platoons Tn 
Minefield. 

82 

Patrol In 
Sight Of 
Area B 

[ Establish 
Ambush 
Pt^liaa 

Patrol Sets 
Out For 
Arca B 

69 

) 

D-Day. Patrol Sets 
Out For 
Area C_ 

* 150 

Patrol In 
Sight Of 
Area C 

155 

Rangers 
Establish 
Op's Land- 
ing Area „ 

r~T6_öj 

79th Ranger 
I)et. LV. 
Area A Via 
Helicopter 

65 

! 

\N 

Prepare 
Camp 
Site __ 
ÍÕÕ 

5th A/B Bn 
Ordered To 

Area^C_ 
180 

Establish 
Communi¬ 
cation With 

Are» D 
TOT 

Figure 2. Operation Flow Diagram 

325 





A Cadputer Model for Determination of Inçact of 
Certain Personnel System Policies and Procedures 

Dr. Richard C. Sorenson, Mr. Cecil D. Johnson 
and Dr. Elizabeth Nlehl 

U. S. Army Behavioral Science Research Laboratory 

I. PERSOMHEL SYSTEM PROBLEMS 

It is the purpose of this paper to describe a generalized simulation 
model successfully installed and tested on the computer system of the 
U. S. Army Behavioral Science Research laboratory. This model vin be 
described in the context of the management research requirements for which 
it was designed and the research design considerations which Influenced 
its development. 

It has become evident that many questions arise in the course of 
military manpower planning which await objective investigation. Experi¬ 
mental studies involving the real manpower system are expensive both in 
cost of data collection and in reduced efficiency of the manpower system 
while an inadequate policy is tested operationally. Evaluation of alterna¬ 
tive procedures can be relatively inexpensive, however, if the personnel 
system can be modeled and experimental results based on a computerized 
simulation of the system. Relationships between requirements, assignment 
procedures, input from outside tne system (e.g., from external procurement 
or from training facilities), quantity and quality of personnel information 
made available to the system, attrition to the system, and measures of 
system effectiveness have all been studied through the use of computer 
simulations. 

These problems Included as a major subgroup those related to assign¬ 
ment of personnel to Jobs or Job categories. The interests of manpower 
management offices often center on the comparison of alternative policies 
for assigning enlisted men to mevvt prescribed minimum qualification standards. 
Additional objectives may be to sequentially minimize transportation costs, 
Increase the nunber assigned to their preferred occupational area, and 
optimize expected performance on the Job (as predicted from scores on paper 
and pencil tests or other information recorded in the personnel folder). 
The various policies may change the order in which pertinent variables are 
optimized or may provide for varying degrees of partial optimization at 
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®*ch stage. Relatad areas aay Involve l) designing testing programs for 
mnpcwer assignment, 2) formulating policies which change standards for 
enlistment and induction, and 3) estimating the impact of increased mobiliza¬ 
tion on the quality of assigned men. Analytic approaches which would handle 
problems of this level of complexity have been proposed (see, for example, 
Boldt, 1962) but have not proved economical. Results which can serve as 
actual solutions to these problems have been heavily based on simulation 
techniques. 

The simulation approach is particularly necessary when some use is made 
of optiirization techniques within the system to be evaluated. Expected output 
for a modeled system is often examined, for example, after each of a sample 
of simulated individuals is assigned to a Job in such a way as to maximize 
the average expected performance for the sample. These assignments are 
usually based on linear programming algorithms. The beneficial application 
of such optimization methods has been demonstrated even when the metrics 
which characterize a personnel system are not of the Interval type assumed 
in the derivation of the techniques involved (Sorenson, I966). 

Before describing a generalized computer model which has been developed 
at the U. S. Army Behavioral Science Research laboratory (BESRL), it is of 
interest to discuss the problems which require special attention in design¬ 
ing and using system models for simulation experiments, notably the choice 
of suitable research designs and the use of appropriate criterion variables. 
First, let us consider a more general issue: the type of model to be developed. 
The experimenter must first ascertain whether a deterministic model is adequate 
for his purpose. A deterministic model is built to yield results by atmlytical 
methods or by a single simulation experiment; output is exactly determined 
by input, with no random variation in the input or within the model to affect 
results. Ii contrast, a stocastic model yields results which vary in accord¬ 
ance with a well-defined probability distribution chosen to represent random 
fluctuation characteristic of a given system and thus makes possible the 
solution of multivariate problems which are out of reach with deterministic 
models. The latter approach was thought to be generally more appropriate 
for simulations involving the personnel system. The random variation char¬ 
acteristic of the real system can be easily slsulated if the population of 
interest csn be represented by a known statistical distribution. Samples 
are constructed by first generating random numbers and then transforming 
these numbers to yield observations which can be expected to have the statisti¬ 
cal properties of the population. This "model sampling" is performed 
repeatedly to insure against basing conclusions on a non-typical although 
random sample. Similarly, replications permit an evaluation of the criticality 
of the chance input into the system and provide a forecast of output fluctua¬ 
tions which can be expected under operational conditions. 

Just as important for the kinds of personnel assignment systems which 
have thus far been símalated in BESRL, the stochastic approach is necessary 
in order t j achieve a practical solution to the problem posed by management. 

% 
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For example, when the management problem .’8 to ascertain the consequences 
of applying a set of rules to selecting, assigning, training, and distribu¬ 
ting people, a complex multivariate problem Is inevitable. While the 
distribution of personnel according to policies involving minimum quaIlfloa- 
tions, quotas, and optimal assignment nales can generally be described as 
a fairly complicated set of mathematical functicas (involving difficult to 
solve multiple Integrals, some with variable limits), the numerical awilyst 
faced with solving such a problem would most likely resort to Monte Carlo 
or mode] sampling methods*. Thus, the stochastic approach is indicated. 
Furthermore, when a simulation requires the flow and/or ether nmnipulation 
of entities (representing people) according to prescribed policies, either 
real records must be sampled or artificial people (i.e., entities)'generated. 
It is not generally possible to represent hypothetical policies that have 
never been implemented by sampling from real data. Furthermore it is not 
possible to create entities having the exact characteristics (including the 
prescribed multivariate distribution) of the population of interest. Instead, 
entities are generated which have the same statistical properties (in all 
essential respects ) as if they were drawn as random samples from a prescribed 
universe of such entities. This process is of course a stochastic one. 

II. RESEARCH DESIGN CONCEPTS 

Many of the studies currently envisaged as appropriate for the general¬ 
ized b.'mulation model described in this paper would use an optimal assignment 
model ai a means of describing the idealized assignment system. Some studies 
deal with policies for assigning personnel so as to maximize average predicted 
school or on-the-job performance. In still other studies, & set of policies 
that utilize optimal assignment procedures at some point in the system My 
be included only as a standard against which to compare other policies. In 
any case, a simulation of the Input and distribution of enlisted men through 
Individual careers, meeting the Amy ajea and occupational requirements for 
quantity and quality of personnel, should utilize the wealth of data that 
relates performance in many different Jobs to a wide range of predictor 
variables. Numerous studies have established the adeqvmcy of linear equations 
in ’Predicting such performance. 

The question might be raised whether linear least square predictions for 
which the coefficients have been computed to maximize accuracy of perfarmnee 
estimâtes in a Job will also be the appropriate parameter values when it is 
desired to allocate men to Jobe in such a way as to maximize the average 
predicted performance of all men in the sample. It has been demonstrated 
that there is no better set of linear function*» of the predictor variables 

* In this paper a distinction is male between these two methods by defining 
the Monte Carlo approach as model sampling using "clever" variance reduc¬ 
tion techniques. 
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effectlTeness when the ^^el^e^lMt^ch perfonmnce criterion, 
regression velghts as empaten *fr'.^Zt.'jredieted per- 
Thus, use of these fuU '^^th^^res In an optimised 
famanee scores for each Joh a ted average perforsance of the 
assignment model will assure that £1*=*“ toSTwhlle no other set of 
assigned men álables more effective, 

rmttó ttet ita u 
have little effect. 

Experiments designed to Investigate system ^ “^“Sjlor 
different policies can utilise ^p&S from the 
each of the poUcles. By f“^"i^'r^ll^varlahUlty, which 1. 
sane sequence of ™ctors of mn “^tl ^amu from poUcy to policy, 
inevitable from per eon to ¿¿/or procedures - assignment, 
Operations which siaulate »vamnle -- are thus perforned on 
enlistment, car retirement “ higher component of score dif- 
the same numerical vaincs Conseque^ly, a the effect ^ 

f4nr^raSan toother (stochastic) sources of variation. 

Difficulties occur with -^^c^e ÂTheTaÆle 
observations corresponding todif^w^P0 “® b Is signif- 
of subjects. To test ^^^^„^^lyTis of variance would 
leantly greater ander ^ iïïependTnt for each policy, 
require that esllmates of error ^^¿°n8ame 8ub¿ects. A t-test for 
not correlated as when computed from ^ ^ pollcles> becomes 
correlated means is appropriate when th re p complex factor- 

rsÂ^i^monrfs^Â 

Often, a 
when repeated measurements a-*™. covariation, as well as variation, 
group differences take into account c°varia » ^ , ulte different 
Stween the dependent variates, and may it is tha 
than if a series of univariate a“®Jy®e® correlated when aUocation policies 
independent variables, how<*^er» , dt Jv and the random sampling of 
h«^on th. ^ ^vldus^srsjgdsr^^;;^^ aKl uMvsrlst. 

ri.rrs 
Wilis (19tó) hms dsvsloprt st.tl.U^^rltwl^for 

means, equaUty of variances, and eqm > correlated. The test fear equaUty 
jSulmtlon in ^of obs.rvntlcn. .1«- 

of «MH would .uocottOT policies which .re based on the 
lated to characterize different aiiocu^ «oiicy related system output 
«me indlvldunln. To ^ howeve" It «.t h. 
(i.e., multivariate criterion measuresj means 
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assumed that output variances and covariances are «qual acrossdiff re 
policies. This would not be a restrictive condition if Interest “ 
establishing that the output variables are parallel measures, a situation 
for which the Wilks criteria are well suited. It would anticipa , 
however, that equality of either variances or covariances would exist “ 
observations are obtained from the complex series ^^'¿i« 
personnel assignment procedures. This happen only when the different policies 
being compared use exactly »he same variables. That is, the variables or 
thelllfferait policies are based on the same functions of the vector of 
random numbers initially used to represent an entity. 

A more subtle difficulty may complicate the choice of appropriât* 
statistical tests for sirailated observations. When all “** 
independently sampled for an analysis of variance, it is the 
tion from treatment to treatment, as well as from individual to individual, 
which^perraits, under the null hy .thesis, the determination of the two inde¬ 
pendent estimates of error variance necessary for testing ^ 
of treatment differences. When multiple observations are obtained from the 
same individual in the field situation, uncorrelated measurement errorstll! 
occurs from treatment to treatment, even though estimates of it may not he 
directly obtainable; the choice of specialized statistical criteria, sue 
as the Wilks criteria when considering parallel tests, any permit sign 
tests of treatment differences. When, hcvever, there is no error aero 
treatments, as when observations simulating poUcy differences «e generated 
from the same random numbers, statistical testing of 
nay require different experimental designs than thosedeveiopedtoprovi 
inferences regarding empirical data. It may frequent^ he P0* a met o take 
advantage of the fact that the experimenter using a sinulation model knows 
many of the universe values of variables for which he could only make 
ferences if he were using empirical instead of computer generated data. 

When one wishes to use the same research designs as would be used for 
empirical data, one could sacrifice the direct comparability of policy 
differences for any individual and simulate only observations which are 
independent over treatments. Then, the extensive range of 
designs associated with both nultivariate and univariate analyses of variance 
couldbc legitimately used in personnel systems investirions 
data. Once statistical significance of treat—.t differences was established, 
the policy differences could be estimated by repeating the ** 
with entities generated from the same sequence rather than independent 
sequences of random numbers. Direct comparison in which the individual 
serves as his own ccmtrol of treatment effects, is frequently 
using actual observations. Such comparison may be considered a refinement 
characteristic of simulation experimento. 

The basic design of a simulation experiment in which two policies are 
being compared can be described by the following sequence of operations: 
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1) Generate a vector of independent nornal deviate scores to represent 

the 1th individual, XjL «= (x^ x2.^). This random vector can be 

thought of as containing the k basic factor scores for the ith individual. 
All characteristics of the Individual can be defined as seme function cf 
these independent attributes 

2) Create the variables needed to accomplish the i policy by trans¬ 
forming X^, e.g., 

Yu - X1 Ti 

3) For the £th poUcy with n^ decisions regirding the disposition of 

-the individual, the status of the i^ individual (or entity) aJ the J 

decision point can be denoted as and considered a function of the 

YU and SiA(j-l)' ThUS We Can 

SU¡ " sfIj (ïli' SU(J-1))- 
th th 

4) The criterion values for the l policy and the k criterion 

variable can be similarly written as = (,fJjjt ^i£n^‘ 

Note that the elements of the vector and Yi2 represent the same 

or different measures or char teristics of the i**1 individual as required 

to implement policy 1 and policy 2 respectively. Even if Y^ = Y^g differences 

in the functions ^ and af2j as applied to the random vector Yi can produce 

sampling differences that must be evaluated in order to determine whether 

the sign of the difference (Z^ - Z^) can be estimated with a given level 

of confidence. 

III. CRErmOK CONCEPTS 

In describing computerised models, it is useful to categorize variables 
into three types. The first are variables which define the system. Values 
assigned to these variables are the "givens," the requirements or restraints 
contained /ithin the system. The second are variables related to the policy 
or procedure being evaluated; these are modified to simulate J“1*1,1' 
mental effects. An optimal assignment process can be either ut the 
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types of variable; that la, optialtatior nay belncorpceatailnto U* 
.¿In framevurk of the system or It my represent one of alterna.e effects 
under study. 

The third type of variable is the criterion variable. The criterion 
provides the mean*, for establishing the validity of ^ 
fcr'^evaluating policy or procedural alternative. 
Special care should therefore be taken to define indices which highly 
similar to criterion indices as they actually Alao exoerienced 
the correct choice of relevant criteria, as viewed by consultants experienc 
with the real system. 

Any discrepancy between the model criterion index and th* 
variable7in the real system may be cause to modify both the criterionJLcdMi 
and^the model. There is, of course, an alternative point of ^' Tbe model 
nay be intendel as a simulation of an ideal system, vrtien this is the case, 
discrepancies among the model and system indices merely that the 
real system diverges from the ideal. The manner in which t.iis divergence 
occurs should be understood in interpreting sinflated results. 

Modeling becomes more complex «hen there are several variables against 
which systemeffectiveness mast be evaluated. Even when ataodel for Pfrscmnel 
assignnent is designed for very specific military aPPllcfttionß, nor« than one 
of thefollowing my need to be considered as criterion variables, reenlist 
mint »te, sel¡¡?tioí ratio for promotion, amount ^8Jf"“t tubule 
Quality of fighting force, shortages of particular types of personnel, and 
reduction in attrition of potential leaders. 

Certain criterion indices, which may be called "restrictive criteria^ 
are used only to identify characteristics which are prohibited tnthe syste . 
Any policy which exhibits these undesirable characteristics is considered 
to^lie outside the cla.s of fm.tbl. policía.. 
those present no difficulty, since policies my be examined re^d to 
any number of restrictions. Other criterion indices, which may h® categorized 
as^"maximization criteria," are used to identify optiml P®1^®8* J*“ 
there are nultiple criteria of this type, the evaluation system output 
my be particularly difficult. One approach to handling "^tiplsarlteri® 
mV be to investigate the trade-offs among the criteria. 
increases in one criterion value may be found to accompany small decreases 
in another. Another approach is that of nesting optimlzationa. Fir t, 
a hierarchy of criterion variables would be «8ta^llBh®d- 
the system would then proceed variable by variable, starting ®t the hipest 
priority. With each optimization, the feasible solution SP®®® J8 ^®*J®®d' 
and the point nay be reached in which further optimization of the 8y®tern 

bTalcoSllehed. Keeult. obtained for the hltf« PTlerlty optüd»- 
tion procedures are not affected by the successive soiutions, 
evaluation of the system can be based on the 8J^* 
on a function of the value obtained for each of the objective function«. 
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IV. GENERALIZED MODEL CCMRJTER PROGRAM 

The Statistical Research and Analysis Division, BESRL, e^°***L, 
a computer ^ogram vhlch serves to modsl chirscterlstlcscOTeon to »general 

class of p'r'°""l.“22wd ' Indlvld^ls the aultivarl- 
:rnoS;;mo^™VnJ«^S^^of^ ».«Its ^uon^l 

ÎÏÆ™ Ä« he slsulated. ofJf 
Of a sample over multiple Job categories is built into the aode^, an 
£iîe£nn indices can be related to the results of optima]. 
cessing of manpower information may be simulated by use of llne*f 
tions? To expand the model to contain more spec if ic f 
program is written so that modifications can be easily incorporated. 

Operations of the program are outlined in the fl°“ h 
the Figures 1 and 2. Input of transformation “trices and £»»ters vhich 
determine characteristics of the system are representedinbea 1. 
are the nunijer of samples to be simulated, the number of individuais in eac^ 
bãmple, parameters which determine transformât ions to be performed °n^AVl* 
duS sicS vectors before and after allocation. Job 
and a starting vector for random number generation. Additional input y 
be read by subroutines written to expand the model (box 

Output consists of sunnary statistics computed over all 
constituting a given cample (box 4) and also of pli<* 
which are customarily performed for a given experiment (box 5). 

The simulation model (box 5) is shown in more detail in Figure 2. 

The "general" part of the simulation model J^^or 
generation of a vector of random normal deviates torepresenteach entityor 
individual (box 6 of the flow diagram); on this vect^ are performed a series 
¡Tunear transforation, of the for» v » u K ♦ “ ^ 
r«' i—Rt sonare regression coefficients for obtaining perfarmance estimates f ¿r; :rs íssut^«.. v » «• th. ^t«« ««“f ■ 
CEtlmtei with «iectfi*a nu». Í purpe.« ff 
slBuJhtlon rtudl«. 1b to trOMfcmn random norml devtotej, “hlch tmv. 
«meted corarimncB mtrl* of Ident It,, Into rartotee with “ 

mtrlx ehn«o»rUtlo of the popntatlon nndy ImeBtl^tl«^*.^ 
indicated in Figure 2, the user specifies the series of linear traasfanation* 
Required to generate » iwrtlculnr »empli by flrtt 
■etrLce» end vectore of meen ral»B, then r.f.renceB these ® _ 
«nnMai transícrmtion cards, which are input in the order of the trän* 
ÄoSTS ÂSrïT’Th. p cards drflne “f =¾¾ 
he perfarmed before allocation, end the q carde which follow define LOOP T 
for computa -ions after allocation# 
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Figur* 1. Flo* dlAcru for i*o*r*l c«p«t«r «od*!* 
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To perform non-linear transformations on the score vectors generated 
for each individual, or to perform any other operation to simulate character¬ 
istics of a more specialized system, specially written subroutines can be 
incorporated into operations under control of the main program. Modification 
and recompilation arc required only for a short subprogram, not for the main 
program. The subroutines are assigned integer names and are called by listing 
these integers, in the order the subroutines are to be performed, on the same 
cards which define the sequence of linear transformations. (in other words, 
execution of the subroutines, box 8, is determined by the transformation 
parameters within LOOP T.) 

The parameter subroutines are also used to determine whether the scores 
being generated for a given individual are consistent with sample character¬ 
istics defined for a particular investigation. As the operations specified 
on each transformation card are completed, an index, which may have been set 
to reject a given individual by any of the subroutines, is automatically 
sensed by the main program (box 9 of the flew diagram). Thus, tests for 
individual acceptance or rejection may be performed repeatedly and at any 
stage in the computations. 

The result of the sequence of operations specified on the transformation 
cards is the construction of an N x c matrix of performance measures; the c 
columns correspond to Job categories under Investition, and the N rews 
represent the individuals in the sample. Based on this matrix, each of the 
N individuals is optimally assigned to one of the c Jobs in such a way that 
required quotas for the different Jobs are met (box 12). 

After assignment, the response vectors for the N individuals are 
regenerated to compute statistics that a..*e functions of the Job to which 
each individual is assigned (box 15). These are the computations specified 
on the second set cf transformation cards previously input and serving to 
redefine LOOP T. Additional parameter subroutines are Included if special 
computations are required. (Allocation averages and frequency distributions 
for jobs to which men are assigned are examples cf statistics used in sum¬ 
marizing kinds of simulation, and general routines have been prepared for 
their c.imputation). In order for simulated performance measures to represent 
the same individuals both before and after optimal allocation, the starting 
vector of random numbers is re-initialized after allocation. 

V. REPRESENTATIVE APPLICATIONS 

The purpose here is to describe results typical of the problems for 
which the program is well suited. Among the series of experiments which 
motivated development of & general program was a study by Sorenson (1965) 
on the use of full regression equations versus aptitude area scores for the 
optimal allocation of enlisted men. The eleven tests of the Arup Classifi¬ 
cation Battery are designed to predict performance in different Job areas. 
However, the operating Arny personnel system was basing predictions on com¬ 
putationally simplified composites of only two tests. The r*rpose of the 
simulation was to estimate the performnee gain using the full set of 
measures compared with the abbreviated set. 
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Performance estlwtes ootained by each of the two methods were used 
to optimally allocate samples of men into eight Job areas such that prescribed 
quotas were met. The difference between the performance iverages errer slnu- 
iated samples after optimal allocation provided a measure of differential 
effectiveness of the two methods of combining predictors. 

Results for the published study were obtained from a specially written 
program, but re-analysis could now be performed much mere simply because of 
the availability of the general program. The two kinds of performance 
estimate would be constructed automatically and simply within the program 
by performing an appropriate sequence of linear transformations on the vector 
of random numbers generated for each individual. The user would need only 
to input the necessary transformation matrices as data and to specify on 
paranmter cards the order in which they are to be used. 

An example of the type of simulation which would require the use of 
specially written par-meter subroutines, as well as the automatic features 
of the general program, was reported by Sorenson at the 1966 Operations 
Research Symposium. The purpose of the simulation was to examine the effect 
of metric changes on the results of optimal allocation. 

To reproduce the I966 results using the general program, performance 
estimates for «ach individual on different Job categories would be first 
constructed by linear operations similar to those used for the study Just 
described. Each set of observations would then he modified to represent 
eight different metric«. For example, criterion estimates with an expected 
mean of 100 and standard deviation of twenty would be converted to two-digit 
integer scores ranging from 0 to 99 by subtracting 50 and truncating. One¬ 
digit scores from 0 to 9 would be farmed by subtracting 50, dividing by 10, 
and truncating. Ordiml scales would be constructed by ranking Jobs within 
individuals or by ranking individuals within Jobs. These modifications would 
be performed by specially prepared parameter subroutines. Returning control 
to the main procram, and optimal allocation would be performed for each type 
of metric, along with the computation of measures of overall performance frem 
which the effect of the various metrics could be evaluated. 

The parameter subroutines are especially useful when information is 
needed concerning the effect on optimal assignment of a change in the minirum 
requirements for entry into the service. For example, scores on predictor 
tests (AFQT and ACB tests ) can he generated to characterize samples from the 
mobilization population. These scores can in turn be sampled with respect 
to the AF«r variable, so that a portion of the generated sample is omitted 
from subsequent analysis. Simulation is repeated until a specified number 
meet the AFQT requirement. An example of one such policy is to simulate a 
probability of omitting 6C per cent who score 9I-IOO on the AFQEP variable, 
45 per cent with scores from 71-90, and 50 per cent for scores from 50-70. 
The selection could be continued by comjuting performance estimates from the 
predictor scores and further restricting the sample to men who score higher 
than 90, say, for two or more Job categories. Studies of this kind have 
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been used to recomaend policiee to the Amy concerning in input 
requirements for enlisted men. 

In je particular application, interest is in obtaining estioates of 
overall ,ob perfomnnce as a function of various restrictions on the incoming 
population at a fixed point in time. For a different type of study, interest 
might be in overall performance when various restrictions are made on per¬ 
sonnel as they operate within the system over an extended period of time. 
In other words, performance at different stages of experience is simulated. 
In the field situation, samples constructed on the basis of training experience 
will usmlly be composed of different sets of individuals because of difficulty 
of doing follow-up studies on the same men. In a simulation study, however, 
performance for the same Individual can be followed through the complete time 
cycle. This is accomplished by iirst inputting transformation matrices which 
yield expected means, variances, »ud covariances for men who have the t^ 
months of experience, mon4-ht. of experience, up to t^ months of experience. 

The vectors of random numbers generated for each individual are then post 
multiplied by these mtrices, maintaining the same random numbers each time 
a given individual is represented over time. 

At the start of the simulation, individuals in a sample are optimally 
assigned over c John on the basis of criterion performance. During the first 

months, each of the N individuals is examined for possible loss from the 

system. This loss may he a function of an individual's estimated Job per- 
formnce, simulated events occurring within the system, a randan process 
which determines that near to p per cent of the sample will be lost, or some 
combination of these variables. Functions which determine loss are added 
to the program as parameter subroutines and may differ for the different 
Job categories and for the number of months an individual has served. 

For each individual remaining in the system, new performance measures 
appropriate to his Job assignment and the length of time he has spent in 
the system are simulated* To replace meo lost to the system* new random 
numbers are generated and transformed to expected values for an Inexperience 
population. Assignment to different Job categories is performed such that 
expected performance of the new sample is optimal and such that Job quotas 
reduced by loss are restored to their original values. 

At the end of each point in time, t^ the effectiveness of the system 

is evalmted. This may be as simple as computing the average measure of Job 
performnce for the different Job categories or could involve a fairly complex 
function of the perf amanee of crew members where a weapon system is involved. 
Simulation then proceeds from time ti to time ti+1 by again testing observa¬ 

tions for the N individuals for loss or retention in the system and by 
generating new observations to represent enough inexperienced personnel to 
fill the losses. At the end of the k-th simulation, representing the passage 
of t months, sinn late d observations will represent individuals with time in 

service ranging from rero months to full lenght of the tour. 
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With this type of sinulation, quality of performance in the system can 
be examined as the proportion of experienced personnel in the system in¬ 
creases. In addition, the rate, or change in rate, at which men are lost 
from the system can be related to system performance. Experiments which 
investigate constant loss rates over all Jobs may be specialized to examine 
varying patterns of loss rates for different Jobs. Research of a more technical 
nature might involve comparison between different approaches to optimal alloca¬ 
tion. Optimal assignment of the incoming sample can be based only on per¬ 
formance estimates of men in that sample. A different approach would take 
into account performance measures of the total sample, including the experienced 
personnel, when determining Initial assignment of incoming personne?. 
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I. INTRODUCTION 

This paper owes its origin to studies and experiments being 
undertaken in the Electronics Command to investigate the feasibility 
of using high precision frequency standards in an Avionics system. 
The objective of the proposed series of experiments is to determine 
the feasibility of synchronizing clocks by means of radio transmissions 
between different aircraft and between aircraft and ground stations 
(radio-frequency links, i. e. RF Links). It involves problems dealing 
with one of the fundamental parameters of physics, namely, time. 

We are concerned with experimentally measuring time to an acc¬ 
uracy of the order of nanoseconds(10"9 second). What quantities in 
the timing system, e. g. phase, frequency, snould be measured, and 
to what accuracies can they be recorded? 

It is planned to carry out the following three experiments con¬ 
currently: 

1. A basic experiment to determine the characteristics such as 
stability, etc. of the clocks under laboxatory conditions, and to estab¬ 
lish the type of basic instrumentation required to make the desired 
measurements. 

2. A study and analysis of the errors due to changes in meteoro¬ 
logical parameters such as temperature, pressure, and relative humidity 
along the propagation path in a timing system utilizing an RF Link. 
These meteorological parameters affect the radio refractive index 
along the propagation path and therefore can be correlated to observed 
changes in the received signals. 

3. An experiment to determine the effect of RF multipath propa¬ 
gation on the accuracy of the timing system. The multipath effects 
arise from the reflection of the transmitted energy from terrain and 
airborne objects along the multiple paths, i.e. "clutter" paths. Such 
reflections of the transmitted signal may cause distortion of the original signal 
as well as an incxease of its rise-time. 
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II. nvTTRAl.!. ORTECTIVES OF EXPERIMENT, 

Th#. feasibility study and experimentation involved in synchro- 
The feasibility 8luay an K h foll0wing objectives: 

nizing clocks by means of an RF Link nas me iou s 

i Tn what order of accuracy can coincidences of time and 
clock rate° synchroniVmbe obtained by clocka under idealised laboratory 
and actual environmental field conditions'5 One fundamental object! 
îs addressed to the question: How can synchronization be established 
between two clocks and what order of accuracy can be attained by this 

synchronization method 5 

2. Over what inter als ot time car. a given degree of «yn^oni- 
zation be maintained between clocks without re-synchronization 

3. What are the instrumental constraints invoWed in b«*h the 
generation in fast rise-time pulses and measurement of time interval 
between such pulses generated by different clocks 

4. To what extent does the environment of an amborne platform 
affect the precision of the clocks in the system . e., 
vibration, rotor-blade modulation, etc. ? 

5 What errors are introduced into one-way iine-of 
measurement by weather conditions in the atmosphere and multipath 
propagation effects? What are the characteristics of such er 

6 What is the spectral region of acceptable carrier frequencies 
for transmission in ."synchronizing RF Link, considering both in- 
strumental and propagation characteristics 

in. DEFINITIONS 

In order to discuss an experiment involving the rr.: rrrs tM. « ip. 
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required that the various technical terms to be used in the experiment 

be clearly defined. 

1 TIME: Time is a fundamental physical parameter which ^ell- 
nigh defies precise definition, and for which it is difficult to establis 
basic measurement standards. We begin with the intuitive notion of 
"time" as a continuous or flowing process, the flow of time is considere 
to be in such a way that the future, as commonly accepted, is in the 
positive direction. We then define a given rate for the flow of time 
This rate mast be a constant and known (defined) quantity in order 1 
enable us to relate the flow of time to a fixed reference scale and to 
make consistent time interval measurements. 

A second aspect of time involves a fixed reference scale 
on which instants of time are posited. For our ex^riment ^ ^le 
need be valid not only for the limited environment of the laboratory, 
but subsequently to include as much of the terrain and at-osphere in 
which the timing systems are required to operate On this 
reference scale we can define a point T ; at a la er time, , 
we can define another instant and determine the time difference or 

interval, /^T = Tj ' To * 

2. TIME & FREQUENCY STANDARDS. 

A CLOCKS - In the test or operational systems we will 
require equipment or a subsystem to establish a time reference scale 
and to measure time intervals on this time scale. 

We establish such a clock in practice by observing some 
recurring natural phenomenon as exemplified by a quartz crystal 
oscillator or the electromagnetic radiation resulting from certain 
atornt and molecular energy level transitions. The mechanical mot.ons 
and the electromagnetic fields resulting from such natural phenomena 
can often be described by a sine function. This is the output from our 
clocks to be utilized in the experiments. Points on the fixed scale ar 
determined by a zero-crossing of the sine function starting at an 
arbitrary or designated instant. The rate of the clock is measured by 
the period of the recurring event in completing a cycle. 

One device enabling us to determine a time scale is a 
counter The counter can be started at a given instant counting sue- 
cessive cycles of the clock output. At later instants, the counter can 
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be stopped ce iU reading noted to associate a given event wiU, the tinte 

scale established by the counter. 

B. STABILITY AND 
iuncture it is necessary to introduce««? ^ q[ ^ Mturll 
accuracy of the docks under non»ide * ^ ^ ^ ,ength> but vary 
phenomena used for a stan ar fixed meanj gometimes varying 
slightly, sometimes varyinf d ü a "drift" in our clock rate <e. g. 
about a changing ^an --- m^c^ng ^ for the clock can 
due to aging effects in crystals», 
be defined as. 

T = £y. 
i=l 

successive periods for the recurring phenomena. 
where the T| are 

The mean rate is then fren by: 

R = 

i with a stationary mean the dis- 
t , .he1" T “can be assumed to be normally distributed: 

tribution of the 1 i can ue <* 
- .9 i 

-(Tt 

f(T) r_ '}mr- 

- T)2/ 
/2' r2<r2 

where C is the standard deviation of the T¡ 
about the mean T 
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In order for a measurement of time interval or 
frequency to be experimentally meaningful and usable, the accuracy 
and stability of the measuring device must be greater than that of the 
system being measured. Otherwise the measurements will reflect 
the combination of uncertainties and instabilities of the measuring 
device and the system under test. For this reason, in working with 
high precision timing or frequency systems, it is common to compare 
two or more of the systems in o^der to evaluate their relative accur¬ 
acies and stabilities. 

Stability of clock (time drift) = A 
T 

At = specification of desired accuracy of clock 

Example for atomic clock: 

Let stability = 5x10 ^ 

Let A1 = specification of desired accuracy 

^ 50 X 10-9 

Then, At = 5 x 10-12 or 
T 

T = A T = 50 x 10~9 = 10 x 103 = 104** 2-1/2 hrs 

5 x 10'12 5x10-12 
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In 2-1/2 hours the specified difference of the desired 
accuracy will be no greater than 50 x 10“^ seconds (50 nanoseconds) 
However, the individual pulse differences will be much less. 

Examples for crystal clock: 

1. Let stability = 5 x 10‘9 

Let = specification of desired accuracy 

= 50 x 10'9 

A = 5 x 10"9 
T 

T = At = 50 x 10~9 = 10 seconds 
5x10-9 5x10-9 

2, Let stability = 5 x 10"8 

Let = i>pecification of desired accuracy 

= 50 x 10'9 

At = 5 x 10'8 
T 

T = At = 50 x 10~9 = 10 x 10“1 = 1 second 

7 5 x 10‘8 50 x 10'8 
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IV. EXPERIMENTAL APPROACH 

In order to accomplish the experime nt in as short a time as 
possible, it is deemed advisable to separate it into several subtasks 
which can be unde? taken separately and concurrently. We have chosen 
three such subtasks: 

. Bench tests to set up equipment and develop experimental 

techniques; 
. RF Link tests, using equipment developed in bench tests 

in conjunction with an RF Link to determine the characteristics of 
the timing signals after transmission through the link; 

. Studies of the effects due to the propagation of the RF 
signal through the atmosphere in the presence of changing meteor¬ 
ological conditions. 

1. BENCH TESTS: The first of the three subtasks of the 
experiment is essentially to provide for familiariiation of personnel 
with the equipment and the development of instrumental and measure¬ 
ment techniques. This subtask deals with ascertaining the accuracy 
and stability of a clocx relative to a frequency standard. The factors 
to be considered are as follows: 

a. To what order of accuracy can we synchronize 
several clocks under laboratory conditions? 

(1) A Phase Comparison to check frequency 
(rt ./ s/nchronism presents no problem. The RF output from the clocks 
can be compared by the use of a Phase Comparator. Frequency syn¬ 
chronization can be realized by this method to approximately two or 

three parts in 1012 . 

(2) The principle of the pulse comparison technique 
is as follows: two pulse trains of the same repetition rate (or frequency) 
are compared to determine the difference, £ , in time between the 
leading edges of the pulses 11 the two pulse trains. (See figure 3 . ) 
Each of the two pulse trains comes from a pulse generator controlled 
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by a different clock. A block diagram of the equipment required is 
shown in figure 4 . 

The operation of each channel ic straightforward. 
The sine wave output of a clock is used to control a pulse generator 
as shown in figure 5 . The output of the pulse generator can then 
be gated tc allow for selection of desired pulse intervals, or pulse 
train lengths. 

The measured C consists of two components: 
one due to the offset error between the time bases of the two clocks 
under test, the other due to errors in the pulse-forming network or 
measuring equipment. The component £ due to error in the pulse- 
forming network would probably appear as "jitter or instability in 
the value of £ measured. 

b. As part of this subtask of the experiment, two 
clocks are operated in a controlled laboratory environment. The 
outputs of the clocks are compared to determine the order of the 
synchronization of the rate that can be achieved under laboratory 
conditions, and over what time intervals the synchronization can be 
maintained. 

Comparisons are made under varying environ¬ 
mental factors such as temperature, pressure, and humidity. Additional 
tests can be made under varying mechanical factors, e. g. comparison 
while one or both clocks are on a vibration bench. 

It is during these initial tests that the meas¬ 
urable characteristics of the outputs of the clocks can be determined. 
Any changes in clock (equipmert) performance due to environmental 
or mechanical factors can be ncted at this time. (See figure 6 . ) 

There arc* two possible methods of recording 
the observed quantities: 1 ) High resolution oscilloscope using photo¬ 
graphic and/or visual responses; 2) Magnetic tape (this method is 
desirable with rapid sampling rates and allows the use of a gated 
counter technique for direct computer processing of the data obtained). 

2. RF LINK TESTS: In the second subtask of the experiment, 
the synchronization tests are continued, but with the clocks located at 
some distances from each other. This part of the experiment seeks to 
determine how the synchronization properties are affected by trans¬ 
mission of the pulses from one channel over an RF Link before compar¬ 
ison. Deterioration of pulse quality due to the characteristics of the 
transmission equipment and to the propagation of the RF signal between 
the two terminals of the system will be examined. 
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The additional equipment required for this subtask is a 
transmitter and receiver for each terminal (to allow full duplex 
operation -- see figure 1 ). The transmitter can simply be a klystron 
excited by the pulses controlled by a clock, or whose CW output is 
switched to the transmitting antenna by a switch operated by the pulses. 
The receivers must be broadband to preserve the fast rise-times 
necessary in the system -md simple tuned radio frequency amplifiers 
(using tunnel diode units) are envisioned. Fach terminal will then be 
capable of comparing the signal received from the other clock with 
the output from its own clock. 

We must also consider the carrier frequency requirements 
for the RF Link. Some of these requirements are as follows: 

a. The highest feasible frequency is desired to maintain 
reasonable scale sizes for antennas to be used on aircraft. 

b. Wide bandwidth is easier to obtain at higher fre¬ 
quencies. .., 

c. Frequency should be below 16Ghz to minimize atmos¬ 
pheric absorption effects. 

RF pulse transmission tests will be carried out using various carrier 
frequencies, e.g. 5Ghz, lOGhz, 15Ghz, and 20Ghz. Results at the 
various frequencies will be compared for attenuation, multipath, and 
other induced propagation effects. 

The tests in this subtask of the experiment will be carried 
out with fixed RF Link baselines from several hundred meters up to 
several tens of kilometers. The effects due to propagation, particularly 
reflection-induced multipath effects, will be observed in these te8ts* 
The measured effects will be analyzed and compared with theoretically 
expected results, taking into consideration the results of the third 
section of the experiment. 

The final part of this subtask will be the operation of one or 
more systems in the airborne environment in which the system will 
ultimately be required to operate. During this stage of the experiment 
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we will attempt to determine: 

(1) What equipment modifications and/or special mounting 
will be required to insure proper operation of the clock-pulse generator 
sub-system in the aircraft environmentj 

(2) What additional propagation problems such as 
time varying multipath propagation effects are to be found in airborne 
operation, and 

(3) Is actual air-air, and air-ground, time synchron¬ 
ization feasible using the planned system. 

3. RF PROPAGATION EFFECTS: The third subtask of the 
experiment involves a study of the effects to be expected due to propa¬ 
gation in the RF Link. These effects will manifest themselves as phase 
and amplitude variations in the received RF signals and are due to 
varying meteorological conditions along the propagation path, and the 
presence of multipath propagation modes. The velocity of a radio 
wave propagating through the atmosphere is inversely proportional to 
the radio refractive index of the medium. The radio refractive index 
is -j. function of the temperature, pressure, and relative humidity 
within the volume of the atmosphere under consideration. In most cases 
the radio refractive index does not have a single value over the entire 
length of the propagation path. The atmosphere is found to consist of a 
number of cells or eddies of differing sizes, in which slightly different 
conditions of temperature, pressure, and relative humidity are present. 
To accurately predict the effects of propagation on a radio wave, it is 
necessary to know the range of sizes of the cells, their distribution 
along the propagation path, and the values of radio refractive index for 
each cell. As the atmosphere is a dynamic medium, it is necessary also 
to study how all of the above factors vary with time. 

The actual calculations of the distribution of cells and the 
time variation of the medium becomes basically a problem in atmos¬ 
pheric physics. The major portion ox this subtask can be accomplished 
through a study of the literature and consultation with investigators in 
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atmospheric sciences and those actually engaged in the study of 
atmospheric radio wave propagation. 

If it is found that specific questions applicable to our 
system cannot be answered from outside sources it will be necessary 
to conduct the experiments in this Laboratory. Such measurements 
would be accomplished using the clock, pulse, and RF equipment 
developed under the first two subtasks of .ne experiment. 

V. ASSESSMENT OF EXPERIMENTAL RESULTS 

1. After the experimentai data have been obtained they will be 
subjected to various statistical techniques such as covariance analysis, 
auto-correlation analysis and significance tests. This will be done with 
a view in mind to ascertain the adequacy, stability and accuracy of the 
timing system within each of the environmental and physical conditions 
enumerated. Of particular significance is the power spectrum analysis 
to be applied to the errors expected due to RF propagation through a 

turbulent atmosphere. 

2. The final operational capability of the system will be deter¬ 

mined by a combination of: 

a. The instrumental limitations. 

b. Characteristics of the clock outputs (e. g. : stability, etc. ) 

c. Characteristics of the propagation-induced errors. 

DR. ERWIN RISER 
Ch Operations Research Analyst 
Avionics Laboratory 

CAPT R. M, PRICE 
US Army SigC 
Institute for Exploratory Research 
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APPENDIX 

THEORY INVOLVED IN PROCEDURE FOR SYNCHRONIZING CLOCKS 
USING ONE-WAY PULSE TRANSMISSION 

1. The RF LINK subjects two reierence scales from different clocks 
to a direct comparison. It is equivalent to placing both clocks under 
the same local environment so that the reference scales can be compared. 

2. SYMBOLISM 

't'. = difference of time zero between clock A and clock B . 

^ = true propagation time between clock A and clock B ; Tl is 
independent of the clocks. P 

I j + 't'n = deference of time zero between clock A and clock B plus 
true propagation time between clock A and clock B ; 
this is the time which clock A assumes to be the true 
propagation time between clock A and clock B . 

Tg(A) = marker for initial reference time zero on the clock A 
reference scale. • 

Tq(B) = marker for initial reference time zero on the clock F 
reference scale; a pulse is developed at this instant by 
clock B to be transmitted to clock A. 

TrMA) = instant at which clock A receives the pulse from clock B 
^ transmitted at time Tq(B) . 

T^n(A) = instant at which clock A transmits a pulse in the expec- 
tation clock B will receive the pulse at the instant 
Tj(B)' on the B reference scale. 
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T (B)' s instant on B reference scale representing image marker 
1 synchronized with T^A) marker on the A reference 

scale. 

T^v(B) = instant at which clock B receives the pulse transmitted 
Qy by clock A at time T0,A) ■ 

T (A) = marker indicating the first repetition period after the 
* initial reference time zero Tq(A) on the clock A 

reference scale. 

T (B) = marker indicating the first repetition period after the 
* initial reference t’me zero T^(B) on the clock B 

reference scale. 

0 = pulse transmitted by clock B at time Tq(B) . 

= pulse received by clock A at time T ^ (A) . 

= pulse transmitted by clock A at time T ^ (A) . 

pulse received by clock B at time T g • 

*£ = repetition period of markers i. 
repetition rate 

(repetition rates of both clocks are assumed to be equal) 
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3. SYNCHRONIZING PROCEDURE 

Assumptions: 

c. Last synchronizing pulse (within a period) is transmitted 
by clock A at 'fR • t<2> (A) and satisfies the prior equation b . 

of dock A -- 'T of clock B . 
^ R R 

e. In the event the clocks are not synchronized, clock B will 
turn back its clock by the offset time to cause the clocks to be re¬ 
synchronized. 

f. Neither clock is aware of the offset time (^) existing 
between the two clocks. 

T (B) = T (A) + T, 
0 0 1 

clocks are assu 
A = ^ of clock B (repetition rates for both 

T^A) = T0(A)+tR 
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Clock B tranamits n pulae at T0(B) which is received by 

clock A at Tq(A) = TqÍA) + ^ 

3 T0(A) + <Xx +Vp)- 
existing 

is the actual propa- 

Clock A counts on its timer from T^A) t 
Since neither clock is aware of the offset time (TV 
between the clocks, clock A assumes that C + 
gation time for the signal transmitted by clocft B . 

There is no signal transmission by clock A between 

TqIA) and T0<A) . 

dock A knows at which instant the Tn (A) ma eker appears 

s" Te propagation6 

Sce.leUlsynciroVzed wXt"a) on the A Jerence^cale b, Utie 

„pectation. clock A transmiu a pulse (g) «* T^iA) 

ictually received at by clock B* 

Since pulse (Q faiU to coincide with the TIB) marker, 

clock B starts counting onitf timerlrom © |f forn the 
B determines that pulse © received at is from 
Ti(B) marker by a time interval equivalent t7T2 [i . 

’wioHna U sp of the prior agreement under assumption e. » 
Making use o tne prio g iX* * (X\) • This is a nrnster- 

lock B turns back its clock by 112 « 2 *1 A 

corrected tor 1/2 oÆ1 

to re-synchronize the clocks. 
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4. MATHEMATICAL FORMULATION (See figure 10) 

Objective: To show Tj(B) = T^(B) + 2 

TQ(B) - Tq(A) (1) 

T^B) = TQ(B)(2) 

Tl(A) = To(A)+^R = T0(A)+ti+rp (3) 

T©(B) = T©(A> +tp <4) 

Tl«A» - +tl * % “ T©(B> p + +'lVp = T©<B) (5» 

T0(B) = T^A) -t1 (6) 

T (B) - T (A) = Tn(B) - T (A) (7) 
1 1 u C i 

T^B) - T^(B) = T^A) + ïj - T^A) = 2^ (8) 

(Obtained by subtracting equation (6) from equation (7). ) 
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STOCK RATIONING 

Mr. Alan Kaplan 
Inventory Research Office 
AMC Systems Support Center 
U. S. Army Materiel Command 

We are concerned in this talk with the Army National Inventory Control 
Point, or NICP, in its role as wholesaler of secondary items to the rest of 

the Army. 

We have looked into how the NICP should use issue policy to help itself 
out when items it is managing are in short supply, but there is still stock on 
hand to play with. We investigated the utility of partial shipments to requisi- 
tior.ers, and also the rationing concept, which is what we will be discussing 

here. 

The NICP receives demands of different priorities. Should it backorder 
low priority requisitions, for items in short supply, to have stock available 
for future high priority requisitions? The answer depends on the relative 
importance of high priority demand, and the chances that stock saved by back¬ 
ordering low priority requisitions will be usefully utilized. 

There were three parts to our investigation: 

a. determine the usefulness of stock rationing 

b. determine the type of rationing rule to use 

c. apply rationing to the specific Army situation 

To investigate the first two aspects of the problem we used a somewhat 
simplified model. Stock is in short supply, but at some known date in the future, 
stock levels will be replenished. Two types of demand must be satisfied, low 
priority and high priority. High priority demands are always satisfied if possible. 
A low priority demand is satisfied only if stock on hand is above the "scheduled 
reserve" level. This scheduled reserve level is what is computed, using some 
rationing rule, to be the amount of stock to reserve for high priority if possible. 
The reserve level is recomputed periodically (e.g. bi-weekly) as the TTR, or 
time to stock replenishment, decreases. Something like this might happen: the 
reserve level is 20 while stock on hand is 19, so all low priority requisitions are 
backordered. Time passes, and no high priority requisitions are received, the 
reserve level falls with the passage of time to 15, and four units are freed for 
issue against low priority backorders. 



We programmed this model as a simulation. Different rationing rules 
would be tested using the same demand history for each rule and comparing 
results. We kept track of requisitions initially filled and requisitions on 
backorder, but our basic performance measure was b? sed on average num¬ 
ber of units on backorder weighted by priority. A requisition for 10 widgets 
on backorder for 15 days would represent 150 backorder unit days. If it were 
a high priority requisition and the weight assigned high prio^it', requisitions 
was 4, we would have the equivalent of 600 backorder unit days. Backorder 
unit days are divided by the number of days in the simulation to give us the 
average number of units on backorder weighted by priority. The weight assign¬ 
ed high priority requisitions was the means of expressing the relative -mpor- 
tauce of high priority demands. We treated it in most of our work as a para¬ 
meter. However, it turns out that you need not say too much about what the 
exact weight is to make reasonable decisions. This is fortunate. 

Four rules were tested in this part of our work. 

SLIDE 1 

Rules 2 and 3 are of the same form. They set the reserve equal to a proportion 
of expected high priority demand in the TTR. This is the simplest type of time 
dependert rule, or rule in which the reserve level depends on the length of time 
remaining before stock replenishment. We determined at the outset that a 
reasonable rationing rule should be time dependent. Rule 3 happens to be the 
optimum rule for deterministic demand. Rule 4 uses the results of an algorithm 
we developed, which actually gives us the mathematically optimum set of reserve 
levels under a limited set of assumptions. The first and most important as¬ 
sumption is that the distribution of demand for each review period, about the 
forecast of demand for that period, is known. The appendix gives a detailed 

derivation of the algorithm.(1) 

In the first use of our simulation we ran it with artificial demand data. In 
using the algorithm to construct rule 4, we assumed the distribution of demand 
was Stuttering Poisson, with mean equal to the forecast of the mean. The 
artificial demand data was randomly generated in accordance with the Stuttering 
Poisson distribution. Thus, in this simulation we were able to compare a 
simple type of rationing rule with what we knew to be the best rule possible 

under the circumstances. 

We had two cases. 

SLIDE TWO 

Ch is the "cost of high", or weight assigned high priority requisitions. VMR 

is the Variance to Mean Ratio. Look at case 2. The slide tells us that for a 
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weight of 10 rule 4 specified reserve levels of 47 for TTR of 8 weeks, 37 for 
TTR of 6 weeks and so on. Note that these particular levels are quite different 
than the le veis specified by the other rules. For each case there were 324 
trials: the initial TTR was 56 days so each trial was 56 days. 

SLIDE 3 

In this slide average 1 ackorders(weighted by priority) for rules 1, 2, and 
3 are compared to average backorders for rule 4. For instance, for a weight 
of 10 for case 2 average backorders weighted by priority for rule 3 were 4.89% 
larger t! an for rule 4. Note that rule 4 always gives the best results as we 
would expect. In a few instances, rule 4 showed a particularly small improve¬ 
ment. As a quick and very dirty measure of the statistical significance of the 
improvement we calculated ''t" statistics as indicated in the slide. These 
statistics were large. We note that the improvement realized by rule 4 is 
only marginal. For instance, for case 2 for a weight of 10 while rule 4 gave 
us much smaller weighted average backorders than rule 1, we could have 
achieved most of the benefit of rationu g by using rule 3, even though the actual 
reserve levels specified by the simple rule were quite different. 

We ran the simulation using actual demand history on 235 items supplied us 
by U. S. Army Aviation Command. In the actual simulation, we used 336 days 
of history per item, so that if the initial TTR was 56, we would have 336 divided 
by 56 or 6 trials per item. In computing penalties for each rule shown, we used 
the average value of backorders weighted by priority, not just the average num¬ 
ber of units on backorder. 

f 

SUDE 4 

Note the improvement as the initial TTR increases to 12 days. The explan¬ 
ation is that for stationary or quasi stationary demand processes demand 
forecasts will be more accurate over longer periods since irregular fluctuations 
in demand become less signficant. 

The conclusions drawn from this part of our study were that: 

a. Stock rationing is useful weights above 4 and becomes truly worth¬ 
while as the weight approaches 10. 

b. Additional improvement to be realized by using a sophisticated 
rule will in most cases be small. For large hypothesized weights for high 
priority it would become more worthwhile to use a sophisticated rule since 
even marginal improvement could become signficant. . 

To apply rationing to the Army's situation, we had to determine the exact 
proportion of expected high priority demand which should be used as the re¬ 
serve level, and cope with the fact that there are more than two priority groups 
we wish to distinguish between. 
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UEing our simulation, ». graphod th. ímpro^m.ntW^.ap.cto^urtng 

.roportions of .xpeoted ¡‘Rights of’lOO a proportion of 1.0 did 
or weights between 1 and 100. Even 8 We concluded that if the correct 
10t do much poorer than a ProP°rt * ' a pr0portion of .75 is indicated, 
„eight 1B believed to be in he 3 ° to V, at least 5, a proportion of 1.0 
while if the correct weight 18 tu we looked at several measures 
Should be used. In reaching this conclusion, we 

of performance. 
_ j „i > We would then ha/e 

Suppose now ». have 3 pr’onty groups in ^ ^ customerB agamst group 

2 reserve levels, the “ ct Jck for 8r0up 1 and ï cu.torn.r. 
2 customers and the second 1 ^ importance of priority group 1 

Uuttve^grolp'VwaTiVih. 3 to 10 range, and similarly for group 2 -eUt.ve 

to group 3 we would have 

Level 1: = . 75 expected group 1 demand in the TTR 

Level 2: = expected group. 1 d.mand t . 75 expected group^ demand 

„ level 1 was 20 and level 2»a.30 at Jit »as between 20 
hand was above 30, we would issue to a q e ^low 20, we would 
and 30, we would issue only to groups 1 and 2. and 

issue only to group 1 requlaitioners. 

Th. derivation of the algorithm for '^"^„^^mu'p^.m- 

reserve levels is given in th® ApP®n ^ * the basic recursive equation. For 
ming approach, with one twx.t m .etting^he ^ then lhat the two 

the first reading it is suggest d llThe Alg0rithm” be glanced at. 
lemmas be just read and the se - there is no feedback i.e. if y°u 
Assumption 2 of the algorithm imp* ^ wiU nQt induce additional high priority 

backorder a low priority requi requisitions this will not be true; 

", there <are ^«a.^why we have ignored feedback both in the 

algorithm and the simulation itself. 

Noteh Essenually th. 

r?rmaTnd^e ^bordered is also fre.«d by Mr. Top,., 

and he worries about holding costs. 
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TM OPTTMiy ¡yCHRDULED RESERVE LEVELS 

AfFftlons, 

1. High priority demand in any period is independent of demand in 

any other period, and whether that demand was satisfied. The time between 

successive opportunities to change the scheduled reserve level is con¬ 

sidered a period. 

ii. No penalty costs are incurred on a low priority unit backordered 

from the time it is received until the beginning of the next period. 

Equivalently, the assumption can be stated: low priority demand always 

occurs at the beginning of a review period. The beginning period time 

sequence is: receive low priority demand, recompute scheduled reserve 

level, issue if warranted against any outstanding low priority demands. 

iii. Assumption "a" is that the probability distribution of demand 

for a period, about the forecast of demand for that period, is known. 

Assumption "b" is that the distribution and forecasted demand are the 

smne for each period. 

iv. High priority demands occur only during the middle of a review 

period. 

Assumptions 3b and 4 are made for ease of exposition only. 

The existence proof: 

1) E1+1>k ,(«1) ' E1+l,k,#(«) ' <thls U th' b"U 

for k s X n 9-1: A(x) + B(x) 

A(x) » 1 - «^/2) *p(d a x+1) 

for k 

for X 

+ Wi 
> X 

* 0 

p(d) • i 

difference is zero 

difference is undefined 

E +l.k.Q^ Is: the total expected penalty costs to the system 

1 periods i+1 to 1. (There are 1 periods after period i+1 

stock replenishment.) This expectation is conditional upon 
set .Sjj of scheduled reserve levels being used for periods 

during 

before 

some 

1 to i . 

» 
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M#W-IWHW 

i ' 

X is stock to be kept es e reserve in the period. 

0 Is stock on hand (before any issuing). 

p(d) is probability of high priority danands totaling d units In the 
period. 

p(d 2 x) is probability high priority daaands total at least x units. 

k is net stock, or on hand minus demands outstanding. 

C. is penalty per period per high priority unit backordered. For low 
priority penalty is 1. 

For k > x all outstanding dastands »xa satisfied whether reserve 
kept is x or x + 1. Unde.: assumption 2, this determines all action 
until the next period. X ¿ 0 implies x + 1 > 0 which is Impossible 
by definition. 

Otherwise, the difference in expected penalty costa may be broken 
down into the difference for period 1 4 1, and the difference thereafter. 
Vlth a reserve of x + 1, and k £ x , one more low priority unit is back¬ 
ordered in period 14-1 than with a reserve of x , at a penalty cost 
of 1. On the other hand, one less high priority unit will be backordered 
if high priority demand tetáis at least x 4- 1: the saving is then C^/2 
using assumption 3b. 

The difference in expected penalty in periods 1 to 1 depends on 
high priority dammtd in period 14-1. If d a x 4- 1; there will be no 
stock on hand at the beginning of period 1 . The system is frosen in 
a sense: 1 more low priority and 1 lesa high priority unit la backordered 
with the initial reserve of X 4- 1 . If d < x 4- 1 - g. : on hmsd at 
the end of period 14-1 will be 2 S. regardless of whether the initial 
reserve was x or x 4- 1 . By definition of 8. the «yetan will look the 
ease from then on. If X4-1-8. xdix , tien the reserve kept for 
period 1 will be the reserve kept for period i 4- 1 minus "d" , for this 
quantity will be smaller than 8^ . 

1') *1^0 C**1) * “ 1 “ * p(d * x 4- 1) 

where it is not aero or undefined. This is the basic equation, as It 
appears for period 1. 

Lemma 1: The difference of equation 1 does not depend on k or 0 so long 
as K ¿ x £ 0 - 1. 
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V« us« an induction argument. The lanau trivially holds for psrlod 
1. The only way the difference for period i + l might then depend on 
k or Q ie if the probability that k' sx-ds®' -1 depended on 
k ov 0 . But k í X and k’ £ k - d implies k* £ x - d . And if a 
reserve of x + 1 is kept for period 1 + 1» on hand at the end of i + 1 
is X + 1 - d . Hen-e 8' - 1 - x - d . 

t.—nu 2t The difference of equation 1 - Al(x) - is monotonie increasing 
as a function of x for the range of x such that the difference is 
not trivially aero, and for any St which is not demonstrably non-optimal. 

We again use an induction argument. For period 1 the statement is 
true as p(d 2 x + 1) is monotonically decreasing.3 

For period i ■ 1 AE(x+l) minus AE(x) “ Tq + Tx + Tg + T3 + T4 

T0 » p(d ai x - Sj^) • 0 

Ti • p(d - x + 1 - • [“AE^ (S^ “ 1)] 

^ - ïd^H-2-S P(d) CAEi <x + 1 " d) 'AEi (x"d):] 

T. - p(d - x + 1) CAE^O) - i (1 - - (-(^/2)] 

T* ’ W2 p(d) * ° 

That Ti is ï 0 will be shown later. This proof will clarify use of 
the non-optimal clause. Each term of ^ is * 0 by the induction assumption, 
Ta is i 0 as AE1(0) £ i * (1-¾) in magnitude. 

Proposition 1: Let net stock in beginning of period i be k , on hand be 
8 . Let st be an optimum value for the scheduled reserve level» possibly 
dependent Fn k «d 9 . The set of optimum S* for period i , (S*^ , 
is non-empty. 

If we look at all values of x where it is not trivially non-aero, 
AE(x) must be always non-negative, always non-positive, or there can be 
at most one change of sign, the change being from negative to positive as 
x increases. This is a restatement of lesma 2. If AE(x) is always non- 
negative, a subset of S* . is all S. £ k , end if it is alwsys non- ( 
positive ail S. * 9 form i subset. If there is a change of sign, let x 
be tha maxim»«1 x for which the AE(x) is negative. S1 « x + 1 is in 

f8*''! # 

In the proof of lemma 2, we had to show AE.iS.-l) was non-positive. 
We now see that if it were positiv« S. would Be demonstrably non-optimal 
(for period 1 monotonicity was aaaufied by induction). 
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Proposition 2: There exists et least one optimum scheduled value for 
the reserve level for period i + 1 which is independent of k, 0 . 

Choose k small, ® large. By proposition 1, there is «t 
one optimum value, which may depend on k, 0 . We show that y 
optimum value for k, 8 is also optimum for net stock - k . «“d on 
hîffid - 8' , when k * k' * 8' £ 8 . Suppose the value 
(? + 1 85 - 1) . By lemma 1, AE(x) in this interval is the ssme for 
the two cases. Therefore, the same reasoning which the v.iua 

takes1care of optimum values of Sj (k, 8) 2 8 . 

The Algorithm 

Th. opti™» ichadule 1. c.UuUted r.eur.lvely u.lng 1. 

(O !, tâ^en Implicitly to be larger than x, h negative.) Thie pr 
lídaa tíf^tSl value for that period. At the .« ti«, ‘». val«., for 
the differences are saved for use in the next period ( eg n w p 
l, then period 2 and so on.) 

In doing the calculations, assumption 4 should be reJ‘x#d* 
an expression is needed for the expected time remaining in • P«10 J 
the x + 1st high priority unit is demanded, ?oUmin 
high priority units are demanded in one period. For the Stuttering roisso 
distribution the desired expression la 

1 - (* + a)/X. - [Zdj; d.p(d)/Xi - P(d ^ x)]/p(d ^ x + 1) wh«e X i. 

the frequency of demand per review period and s is the •'""J**• ?**“[ 
site.3 For the Stuttering Poisson distribution there is a nice algor 
available for calculating the necessary probabilities. 

Hut. U Without aaauaiptlon * « «uU 
ÄT Let t be the time remaining in pariod i + ^ do«, not 
priority unit is i*™**d, s being ^®dlc with x and C^s) 
occur in the period, ^en 1(a) _ .quation 1. T is no longer 
should be put inplace of (Ch/Z) Pi«» * ^ M 
exactly sero. 

got. 3: Ihl. r.eult U b...U ou »rh don. bjEd.«, »rucku«, «ul-r.lt, 
of Pennsylvania, and Djoerd Hoekstra, U. S. Arm>. 

Hde 4: See Feeney, 0.3.. »d Sherbto*., 
Sd¡rco«pouud Poleeon D«nd."lUnM-nvut SclTOce, JmMrp . F~ 
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Figure 1 (Slide 1): Four Rationing Ruiu» 

1) Set reserve level = to 0 i.e. do not ration 

2) Set reserve level = to expected high priority demand remaining in the TTR. 

3) Set reserve level = to expected high priority demand multiplied by 

(Cfa - or "co,t oi hi8h" is the weight assumed for high priority demand. 

4) Use results of algorithm. 



Figure 2 - Two Artificial Cases 

mean demand/pd-hi prior. 

VMR -hi prior, 

mean detnand/pd-lo prior. 

VMR -lo prior 

Caae I 

2.1 

5.0 

4.2 

11.0 

Caae II 

7.0 

19.0 

21.0 

1 (conatant order 
aize of 30) 

Reserves by period 

Ch - 2 

rule 1 
rule 2 
rule 3 
rule 4 

Ch - 4 

rule 1 
rule 2 
rule 3 
rule 4 

Ch - 10 

rule 1 
rule 2 
rule 3 
rule 4 

0 0 0 0 
8 6 4 2 
4 3 2 1 
3 2 10 

0 0 0 0 
8 6 4 2 
6 5 3 2 
8 6 4 1 

0 0 0 0 
8 6 4 2 
8 6 4 2 

13 11 8 4 

0 0 0 0 
28 21 14 7 
14 11 7 4 
11 6 1 0 

0 0 0 0 
28 21 14 7 
21 16 11 5 
27 21 13 2 

0 0 0 0 
28 21 14 7 
25 19 13 6 
47 37 27 13 
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Flfur« 3 - Results from Artificial Trials: relative penalty coats 
Rules vs. Rule 4 

Rule 1 vs rule 4 
Ch • 2 
Ch - 4 
Ch - 10 

Rule 2 vs rule 4 
Ch - 2 
Ch - 4 

Ch - 10 

Case I 

101.1* 
113.2X 
145.7* 

Case II 

101.0* 
112.7* 
144.3* 

105.1* 105.0* 
100.2X("t" - 2.42 100.3X("t" - 2.25 

n - 125) n - 227) 

103.2* 103.3* 

Rule 3 vs rula 4 

Ch - 2 100.7* 101.2* 
Ch - 4 100.9* 100.8: 
Ch ■ 10 103.2* 104.8* 
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Figur» 4; R•salti u«ing actaal <tommdt 

56 day« p«r trial 

rula 2 V* no rasar va 

rula 3 no rasarvo 

nua 4 vs no rasar va 

Ch=2 

103.0% 

100.9% 

100.0% 

Ch* 4 

100.4% 

99.9% 

99.7% 

Ch*10 

97.7% 

97.7% 

98.1% 

84 days par trial 

rula 2 vs no rasarva 

ruis 3 vs no rasarva 

rula 4 vs no rasarvo 

103.1% 

100.7% 

100.1% 

99.1% 

99.0% 

99.0% 

94.6% 

94.7% 

93.4% 

112 days par trial 

rula 2 vs no rasarvo 

rula 3 vs no rasarvo 

rula 4 vs no rasarva 

102.4% 

100.6% 

99.9% 

98.4% 

98.2% 

98.4% 

94.1% 

94.4% 

93.4% 
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BANQUET ADDRESS 

Mr. Robert Weinberg 

Anheuser-Busch, Incorporated 

Thank you. General Clark and Colonel Billingsley are two difficult acts 

to follow. 

What I would like to do this evening is discuss senior management's view 

toward Operations Research and toward management sciences. It is difficult for 

■e to do this, to speak to a group of this sort, without some personal reminis¬ 
cences, some of which are relevant and some of which are totally irrelevant. 

I actually cut my analytical teeth, so to speak, with the Air Force in 

Project SCOOP; Scientific Computation of Optimum Programs. I enjoyed military 

Operations Research, and when I left the Air Force I returned to military 

Operations Research, this time for the Navy with the MIT operations evaluations 

groups. Having gone through two complete cycles of military Operations Research, 

I tried IBM and stayed there about 10 years. Then about 8 months ago I joined 

Anheuser-Busch. I find that I can still start a talk by writing "THINK" on;the 

blackboard, but I iswdiately change the T to a D and the H to an R. 

I think the intareating point in this discourse, this personal reminiscence, 

is something I would like to put on the table. Can you imagine a Midwestern 

brewery, a brewery that sells about 650 million dollars worth of beer annually, 

hiring IBM's chief analytical executive? This, you know, is unheard of. Some 

of the statisticians will say, "Well, Gossett worked for a brewery." I think 

this is an indication of something that's happening in American business. Two 

years ago, I was in Washington attending some lectures. One lecturer was a 

gentleman with political views as far to the right as Louis XIV. During his 

lectura, I made a comment to the fellow sitting next to me. The speaker heard 

me, looked down, and said, "I gather you disagree with me." I said, "Well, 

yas, I do." He said, "Well, young man, if you thought about it, you would see^ 

that it is obvious that I’m right. If I'm wrong, how did we win World War II? 

The concluaion that I reached was, and I say this with all due respect, that 

one of the most instrumental factors in our winning World War II was the fact 

that Germany and Japan had a counterpart of.the Pentagon. This is a harsh 

thing to say, and I an now going to defend this position with a theory. The 

theory I am going to offer I will call the "Theory of Mutual Ignorance." I 

am going to give you the business version of the "Theory of Mutual Ignorance." 

It works this way: take the dumbest move your company has made in the current 

planning period, and the odds are extremely high that your competitors have 

made an equally stupid move in the same time period. If this is true, the 

errors cancel out. You do get a report card in business, but the people who . 

grade your report card are generally security analysts and bankers who are not 

too imaginative. It is very similar to a group of students conspiring against 

a professor who marks on the curve. 

Let's develop this notion of mutual ignorance in business. How many com¬ 

panies have 25 year old vice-presidents who are not the jons of 55 year old 

board chairmen? The answer is "very few, reasonably few." Th* acquisition 

of wisdom (and the acquiaition of intelligence and the acquisition of insight) 
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is an evolutionary process. But it is a slow process. A bright 

to graduate from a business school or an engineering school, and he 

has to work his way up in a corporation. This take® t1“*' busin«««* 
It is an evolution. And so, traditionally, it has been ^P0“^1*^ ^8^88 

for a company to get much brighter than its competitors «“J«*1** ™"*r*T* « 
balance of power which provides a basis for this Theory of Mutual granee. 

Something has happened aince World War II, and this disturbs business men. 

What has happened is that there has been almost a revolution in 

practices. They have been so systematic, so orderly, so obvious, that they 

are not even being discussed. I think three things have happened. 

The first thing that has happened is the availability of data. W»®11 1 

speak of the availability of data, I might classify data into Jn^™;^ata 
(data that are available within the enterprise), and external data (data 

provided by the government, data provided by trade associations and so forth). 

I think I can further classify these data into data that are availa. e 

machineable form and data that are available in non-machineable form- 

My wife completed her doctoral work at Columbia in 1962. She took many 

of the same courses that I had taken 10 years earlier, and she was able to 

prove all sorts of things that I couldn't prove. She was able to Jo this 

by the availability of 10 more years of data. There were thing* that 

were conjecturing about then that an econometrician or a mathematical econo¬ 

mist could very well prove today. The quality of data has improved. 

I had been with IBM about five years, I ran all of the “*****?“!? 
projects. At that tima we were using data that were released by the government 

representing the structure of the economy five years ^^iïïbiiîtî 
we are using are about last year's economy. And so, we have the availability, 

just the plain old availability, of data. 

There is something else that is even more significant from the management'* 

point of view. Several years ago at IBM I wanted to do a 
of our competitive position. Everybody agreed that we should do thi* study 

producing a set of planning factors or statistics to tell us how 8JcJM8fuJ 

various marketing strategies were. We decided at IBM a company ™ 
a billion and a quarter dollar business, that we couldn t afford these «tudies. 

It was just too expensive to collect these data for decision ma ng purpo . 

About three or four ye.r. l.ter, »1th change. In the 
company, most of these data became available as part of the adm^tr^S. 

system; part of the accounting system. What we were doing for «““B“®”* fo_ 
and analysis is re-processing data that exist in machineable form for 

some other administrative purpose. I can cite many examples in business where 

the company that couldn't afford to prepare the data for extensive 
now hasPthe data as a by-product of a central administrative system. This is 

extremely important, the availability of data. 

The second thing is the availability of computers. There isn't ® c«P«y 

in the United States today, indeed a company in any major c^ry £ rJ® ^®® 
world, that doesn't have virtually complete access to computers. Eve ylarjer 

company has computers, in fact probably too many of them. Smaller companies 

can use service bureaus, data centers, and so on. 

We have the data, we have the computers. We have the basis for doing some¬ 
thing. We have the evaluation tools. Since World War II there have been really 
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d*v:i0p-ït* ln th* "*• of «ethodology. When I «t.rt.d my academic 

«ir« ¡.Tí ^‘íí- to •y- "» >">“ <» •« • «thLttct«: 
in thî DÏÔfi«ÎJnd hí*/°?# P[*ctlcal uie for ^ output." That branded you 
in the profeaaion. Principally as a result of World War II, as a result of 

«d*«rn«^J;î, Pirt °f ïh* K*Ubllah-^ that war was not only hell 
end war was not only costly, but was also fairly complicated, you had a stranae 
un on betwean military establishments and scientists. Actually, when you think 

^ . ‘¿i:: - t0 ^ld ». with very, very few exceptions^(Bell UV 

ï!uîd ieïJî íní«.^ «ally first class scientists 
";V?r e"*M« in any kind of applied research. Most certainly not for 

rïTu ÎÎ1,! T1"!** p0S8ibly Rovernment, but never commercial. As the 

as a^eaíl^Üf^ría^"*™ th# °ni*rprÍBeB' «‘«"tints, and policy makers 
h!- si!! J Í W!Ild y*1.11’ an extr*°rdinary body of analytical knowledge 

HI!.b^!^Í!^l0P*!, In f,Ct‘ ln 80n,e Ca>M U hÄS been hl*hly overdeveloped. Here I think you have some very interesting communications problems. 

broadSfllfIni ““‘I,1 ^ 1 W<,S loan®d b*ck t0 Washington to work on some 
broad d«f«n>e problems Involving Soviet threat capability. We were speculating 
about possible Soviet submarine based missile systems, we were looking at 

and düidldTdldl«!“! vuln*rabillty t0 8uch « eyetem. I formulated a model 
rÍríIIÍ^L J !k Wïat t0 d° Wlth lt- U waa t0° complicated. I had 
* :ld w*8 then a profeasor of mathematics at one of the larger state 
univeraities, and who had Just completed some work for the Air Force and had 
ÎÎ! “!C!***Iy «««ity Clearances. I called him and invited him to come to 
Jtaehington to help me with the problem, he was Just delighted to. He came 

1 ?xpUin*d th* problem, and he wanted to think about it. 

îh! ÍS! ¿•ttrJ/*C#iv*d 4 C411 ln “y h°fi «bout 4:00 o'clock in 
I leTï ■% I my *pPr®ciated), and he ..id, "I've solved the problem." 
Ak#*idl U0"* 0V*r for br®*kf*8t tomorrow morning and we'll discuss it " 
tf“'']0 th4ra waa 4 kn^k ®t the door. He was tllrl fir 
iü í üllr ÍC 99 Wi!* 4pP54®lat®d «ven more than the telephone call. Clutch- 

Î *nd Mlit "B0b' I,ve aolv*d th* problem 

that? And ha looked at me and, in all sincerity said, "The earth is flat!" 

Wa al* laugh at this, yet my friend (I'm cautious not to use his name 

IrïïüJüi n0ï T"? ,iUCh/nvolv®d in *iiitary Operation. Research), produced 
takîîl !n*ïhl*llî!h î1îCîi°f inf°n“4tion* H® «‘•■onatrated conclusively that, 
íníí! Ü.ïh Î*1 f0li4*4 ®nd ®»otion.liam aside, there waa no solution 
Ill ïînÎ!blr‘i SI°P W44tln« y°ur ti«®" was a significant result. We're 
aU wUUng to laugh at it. But how many times and how much effort have wt 

::;tad0Vr0blra Vh#r4 4M,# *°od. h#*vy. theoretical kind of analysis would 
say, Look, you're wasting your time." 

I Cit?5 IhiB V 4n ®*a*pl® of the communications problem. I think ay 
r end would have lasted maybe 25 minutes in such a presentation to senior 

management of a corporation. Ha could have said to me, "Bob, there's no 
solution to the problw unless the earth i. flat." Or more concl-Lively, 
Look, you fool, the only way this would work is if the earth la flat." He 

choae hie word, incorrectly. No, he didn't, he acted like a mathematician. 
We do have this communications problem. 

386 



We have the data. We have the computers. We have the tools. Opposing 
these developments is the Inertia of management. Think about it. When you 
attain senior management heights in industry, where can you go? Only one 
way: down. I think this is one of the reasons many managers tend to be 
conservatives. It may bo n little harsh saying that, but I think that senior 
managers say, "We have a bag of tricks, we have tules of thumb which have 
worked so far. Why not continue to use them?" This management inertia is 
being acted upon by a stimulating counter-force. What is this counter-force? 
If you study American business history, l think yovi will find that with very 
few exceptions, prior to World War ll you can't find a situation where a 
single erroneous decision wreaked havoc with a la*-ge company. Two major 
erroneous decisions were Chrysler's airflow and Hemy Ford's decision on the 
model change. Look at the post World War II situation. You can start with 
Lover Brothers' decision not to manufacture detergents. The General Dynamics 
Company has the dubious distinction of having the largest deficit ever achieved 
by a non-government agency. The immediate situation at Douglas (they went 
broke without knowing it) are examples of where major companies have gotten 
into awfnl trouble with essentially a single erroneous mistake. From this, 
can we conclude that management today Is dumber than management was before the 
war? 1 think, if anything, management is far more professional and far more 
sophisticated today. Whn has happened is that business is becoming complicated. 

I think there are two factors that have complicated business. One is the 
long lead time. Let's tak> the Edsel. It has been argued, and I don't share 
in this view, that if the day the decision was made to create the Edsel, if 
they could have had the cars in the show room, they would have been successful. 
I've heard that argued by people who were involved with the Edsel, and I don't 
think it is true. But I don't think you can discount it. 

We have recently announced the purchase of a brewery site in Greensboro, 
North Carolina. When are we going to build this brewery? Wall, we won't 
even begin to build the brewery for at least two years. It takes two yaars 
to build the brewery. It will be at least four years before it is in operation. 
You are forced to think ahead. 

Here is a second change I think is very significant. If you look at the 
resources that are available to a company, you might first look at tha total 
resources that are available to get into new ventures. Then if you look at 
the resources you b,ve to lay on the table to do one n«w thing, you find that 
this one-venture requirement has been going up faster than the total rasouresa 
are going up. This is a preposterously complicated w«y of saying you hava 
fewer chances at bat. Why do you have the opportunity to make a big mlataka? 
Because you make big decisions. 

Is management aware of thU? Of course management ia aware of It. Let 
us think about this for a minute. I think it is impossible to read four 
consecutive Issues of "Business Week" without finding *n article on some 
reasonably sophisticated aspect of management. It is almost imposalble to 
read two consecutive Issues of "Harvard Business Review" without finding an 
article that is either reasonably mathematical or has an appendix that ia 
mathematical. Something that la even more startling to tha buainaaa community: 
marketing is the last intuitive stronghold of management. Marketing la aub- 
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jtctive, it is osotionsl, it is th* last intuitive stronghold of issnsgsaent. 

Tet every major publisher of technical books in the United States today has 

either published or has in press a book on ■schematics in marketing, ihls is 

a measure of the change. Publishers are mercenary; they publish because 

people buy. 

We have data, we have computers, we have a body of analytical knowledge, 

we have structural changes in the environment of business which create an 

incentive to change. 1 submit that the changes affect all of us. 

Consider Anheuser-Busch and how we have used stanagenent science and 

tperatlons Research. Let me give you some statistics which I think are rele¬ 

vant. In 1947, Anheuser-Busch had 4.IX of the beer market. In 1952 they had 

6.3% of the beer market. In 1957 they had 7.1%, in 1962 they had slightly 

less than 10%. Last year we had 13.0%, and the first quarter of this year 

we had 15£. These are published data. In 1963 Anheuser-Busch earned $1.44 

a share. On an adjusted share basis in 1966, the earnings were up to S2.99 

a share. Where did this come from? Is the consumer gouged? I don't think 

so. In fact, the price of beer actually went down. How did we do it? 

tor ths last four years Anheuser-Busch has been using the Operations 
Research group at Case, and now the management science group at the University 

of Pennsylvanie's Wharton School of Economics. The company has initiated a 

series of extremely sophisticated marketing experiments. We have broken the 

market into several marketing areas; we matched areas according to socio¬ 

economic characteristics, and we literally ren an experiment in marketing. 

One practical result of such an experiment (those of you who drink it are 

aware of this) was a very substantial price cut in Michelob beer. When Miche- 

lob was first introduced, it was priced to compete with the foreign beers. It 

was clear to us that the beer was overpriced. As a result of its being over¬ 

priced, the demand was low, and as a result of the demand being low, the cost 

was high, justifying the high prices. The experiment says, "If we can Increase 

the volume, we can justify a lower price." We decided we could increase the 

volume by lowering the price, a marvelously simple economic principle. Tha 

Company had the courage to do this. Why did we have the courage to do this? 

Because we used some reasonably sophisticated management science techniques 

to demonstrate this was the thing to do. Anheuser-Busch is a dynamic company 

in a static Industry, but I don't think our performance is significantly better 

than that achieved by other companies whose management is interested in the 

scientific approach. 

If I have to generalize and say something that would be comnon to all 

senior management groups, I think I would say that management does not like 

surprises, unless they're pleasant; even then they can cause problems. I 

could quote this from memory, but I don't trust myself. I like to read this 

because it is so offensive thai. I like to credit it to somebody else. "Manage; 

ment doesn't like surprises. And the business environment is changing. In 

a changing business environment, you can do one of two things: you can either^ 
exploit the change or you are going to be victimized by the change." Those 

are really the only two alternatives. I think management is becoming analytically 

oriented because the long lead times force it to look ahead. The changes in 
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environment force management to anticipate changC4 Kenneth Eouldlng, who !• 
a professor of economics at the University of Michigan, gave the Richard I. 
Eli lectures in the American Economics Association in 1965. He read a paper 
which he called "The Economics of Knowledge and the Knowledge of Economice. 
I thought it was an extraordinarily good paper. There are a couple of 
paragraphs in that paper I think are extremely important. 

"In my book, The Image. I sketch what might be called 'The Theory of 
Behavior', pointing out that a decision is always a choice among alternative 
pre-conceived Images of the future. The study of decision, therefore, must 
concentrate on how the images of the future are derived from the information 
which has come from the past, as this is the only place from which they come. 
The point is that we have to think of our images of the future as essentially 
learned out of our inputs from the past, and that the nature of this learning 
process therefore is overwhelming." Then he goes on to say, Another profit 
able line of study lies in economic sociology, the analysis of the way in 
which organization structure affects the flow of information; hence, affects 
the information input to the decision maker, hence affects his image of the 
future in his decisions, even, perhars, his value Judgments. There is a great 
deal of evidence that almost all organizational structures tend to produce 
false images in the decision maker, and that the larger and more autho-itarian 
the organization, the better the chance that decision makers will be operating 
in purely imaginary worlds. This, perhaps, is the most fundamental reason 
for supnosing there are ultimately diminishing returns to scale.' 

At one time, I think, a computer was an industrial statua symbol. You 
show me your computer, I'll show you mine. Then I think industry want through 
the battle for PhD's. Your PhD can talk to my PhD. I think that the dismal 
failures of Operations Research have given way to the reasonable, balanced 
approach to the use of OR techniques in business. I think it is now up to the 
Operations Research community to provide the tools necessary for management s 
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A MODULAR APPROACH TO ARMY FORCE PLANNING: 
AN ADAPTATION OF INPUT-OUTPUT TECHNIQUE 

Dr. Harold O. Davidson 
Mr. James M. McLynn 

Davidson, Talblrd & McLynn, Inc. 
Bethesda, Maryland 

Cognizant Agency: 
Office of Assistant Vice-Chief of Staff, 

Force Planning Analysis 

INTRODUCTION 

The work to be described here this morning is being supported by 
the Directorate of Force Planning Analysis in the Office of the Assistant 
Vice-Chief of Staff. It is a joint effort Involving the Directorate, STAG, and 

contractor personnel. 

Our attention was first turned to force planning problems because 
of General Brown's belief that some of the most basic logistic and materiel 
readiness problems are Imbedded In, and inseparable from, the force Plan¬ 
ning process. As we examined this process from the standpoint of logisiics 
analysis and resource management it appeared to cs that the force planning 
guides contained a number of significant limitationt. The two principal 

ones are 

1. They are based on a "requirements" approach; i.e., 
a "blank check" approach, and 

2. They provide no rules or logic by which thr user 
can develop alternative force structures for differ¬ 
ent situations or force levels. 

The essential feature of the present force planning process approach 
is that it "slices" the problem horizontally into two parts. The first step in 
the process provides consideration of tactical interactions - but in a very 

390 



limited way because of the gross aggregations used in the tactical gaming 
models. The results tend therefore to reflect idealized requirements of a 
tactical operation unrestricted by logistic capabilities. The second step, 
the logistic analysis , in turn tends to generate an idealized suppa t 
system that will not constrain tactical operations. Thus, the verti cal inter¬ 
actions between tactics and logistics — which in reality are often cor.troll- 
ing on tactics — are suppressed in this approach. 

These considerationr led us to formulate the basic premise that 
"below-the-line" resource and cost considerations must come into the 
force planning process initially and integrally — not terminally. It was 
from this premise that the modular slice concept began to develop. What 
we sought was an approach that would provide Improved ability to — 

• Introduce constraints in the initial stages of devel¬ 
oping alternative force structures. 

• Investigate broader ranges of contingent situations 
and alternative responses. 

• Examine trade-offs between 

a. alternative combat unit mixes, 

b. alternative resource allocations be¬ 
tween combat and support. 

• Maintain balance of force components in adjusting 
theatre forces or total force structure to different 
Levels. 

The modular force planning system was designed to meet these ob¬ 
jectives as well as to overcome some of the limitations of the present 
process. Essentially the modular force planning concept considers the com¬ 
plete ’ tail" of support units required for the effective operation of the 
various combat modules. These "below-the-line" units are considered 
initially and integrally, that is, whenever the fo'ce planner chooses a mix 
of combat modules the total requirements for the theater are computed. The 
system offers a rapid means of considering a number of alternatives and 
trade-offs between different force mixes. The selection of the alternatives 
and the choice of the mixes are left to the military Judgment and experience 
of the fores planner. The modular force planning method is merely a tool 
which assists the planner in combining his objectives with his constraints. 



THE MODULAR FORCE PLANNING METHOD 

To understand the modular force planning method a few definitions 

are required. 

A combat module is defined to be an Army force, usually of battalion 
size, that interacts directly with the enemy. The current list of combat 
modules is shown in Figure 1. We recognize that traditionally artillery has 
been considered as combat support of infantry or armor. However, there 
are cases in military experience where it would be more correct to say that 
infantry supported the artillery; others in which infantry supported armor, 
and vice-versa. The emphasis here is on the combined arms concept 
the idea that all combat units are mutually supporting. At the present time 
there are only 22 modules on the list. It is anticipated that this list will 
be expanded after the prototype system has oeen demonstrated. 

A support unit is an Army unit, usually of company size, that sup¬ 
ports a combat module with a logistical capability inherent in the skills 
and equipment of the support unit. A support unit can also be cast in the 
role of supporting another support unit or units, that is, supporting the 
supporters. At the present time there are approximately four hundred sup¬ 
port units considered in the prototype system. 

The basic concept of the modular force planning method is that the 
planner develops his plan entirely in terms of the combat modules. The 
support requirements in terms of support units, dollars and personnel are 
then computed, based only on his inputs of numbers combat m^ules‘ 
These are then presented to the planner to compare with his constraints or 
with alternative mixes of combat modules. There are some exceptions to 
the principal that the planner deals only with combat modules and these 
are Concerned with units in the theatre base as well as certain other optional 
units. These exceptions .will not be discussed here. 

The approach taken here to the problem of estimating the number and 
type of support units required to support a force of combat modules consists 
of separating the problem into two parts. The first part consists of estimat¬ 
ing the number and type of support units required to support the ccmbaJ 
modules directly. The second part consists of a technique for estimating 
those additional units required to support the support units. In addition, 
mechanism is provided for including the support requirements for aid to 

Allies. 
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If 

Th® methods proposed here nn not new. They are a variant of the 
Input-output analyses of economic theory that have been known for more 
than a quarter of a century. All that has been done Is to choose those 
parts of the technique which offer promise as a useful tool for force plan¬ 
ning In the Army. 

DIRECT SUPPORT MATRIX (A) 

The direct support matrix is a table showing the direct support re¬ 
quirements *or each combat module In terms of the numbers and types of 
support units as shown In Figure 2. 

The first element In the table, an, Is the number of type 1 support 
units required to support one module of type 1. The element, a18, is the 
number of type 1 support units required to support one module of type 2. 
In general, a,j Is the number of type 1 support units required to support one 
module of type ). (A computational note: The a^'s are not generally whole 
numbers and their fractional parts are to be estimated to an a ccuracy con¬ 
sistent with the data available. In addition, there will be "rounding rules" 
developed to cover cases where doctrine or usage dictate requirements other 
than those that would be estimated by conventional rounding procedures. ) 

The summary rows at the bottom of the table provide estimates of 
the amount of dollars and manpower represented In the support column for 
each module. For example, If the dollar costs of the support units are 
Ci, Cg,..., C,, then the dollar cost of support units to support one type 1 
module are aij Ci + Cg + ... + alj C,, which we abbreviate as 

Similarly, if P, Is the number of people (level of manpower) in the 1th type 
support unit, then 

E «U P» 

is the number of support personnel directly attributed to one Jth type module. 

Now if a plan calls for type 1 modules, rig type 2 modules, and 
so on, we can calculate the number of support units of the 1th type required 
for direct support as 

E atJ nj. 
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Thus the direct support matrix provides the Information needed to com¬ 
pute the number of support units (by type) required to directly supporta force 
of given numbers of modules. In addition, it provides estimates of the 
costs in dollars and personnel associated with the support units. 

INDIRECT SUPPORT MATRIX (Ö) 

The relationships between the Indirect support units, that is, the 
support required by the support units, can be described by a square matrix. 
The rows of the matrix correspond to the types of support units, as do the 
columns. As Indicated in Figure 3, the number of types of support units in 
the indirect support matrix can exceed that of the direct support matrix. 
This is necessary because some support units do not directly support any 
module, but support only the supporting units. 

The elements b^ in the indirect support matrix are interpreted simi¬ 
larly to the aij's. The element 1½ is the fraction of a type 1 unit required 
to support a type 1 unit, bja is the fraction of type 1 unit required to support 
a type 2 unit. In general, bjj is the fraction of a type 1 unit required to sup¬ 
port a type j unit. 

The bu matrix can be used to compute the support required for any 
given number of support units required in the direct support of either 
modules or Allied forces. Suppose that the number of type J support units 
required in direct support is r1# Then 

is the number of additional support units of type 1 required to support the 
supporters. But these additional units in turn require support and the addi¬ 
tional increments can be computed as 

11 b^bjjrj. 
» i 

These increments in turn require support and the Increments can be computed 
by another surrmetion (the notation is mmbersomel. In order to simplify the 
formulae. Introduce the matrix notation where B stands for the matrix 
andXis lhe column vector r¡ of numbers of the 1th type support units. We 
then have that the total requirements are 

r + Br + Ba r + B*r + ....+8^+ .... 
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where each tenu after the first represents the support increments required 
by the proceeding term. If this series converges, It converges to the 
matrix 

Ö - B)"1 r 

(the exponent minus one denotes the Inverse operation). The convergence 
of the serial should be assured In any practical case since divergence 
(non-convergence) would Imply that some mix of sup >ort units would of 
itself require an Infinite amount of support. Indeed, for any reasonably 
designed units the convergence should be rapid. In the event of rapid con¬ 
vergence it may be more efficient to compute the terms of the truncated 
series than to Invert the matrix. However, It may still be better to invert 
the matrix since In that case we can add to the summary rows of the A 
matrix all of the indirect costs associated with the combat modules. In 
addition the inverse can be used to give the total system cost (excluding 
CONUS support) for adding or deleting any type of support unit from the 
below-the-llne troop list. 

SUMMARY 

The technique described here offers a practical approach to provid¬ 
ing a compact, easy to use tool for the force planner. The btJ matrix of 
coefftcients is expected to be practically Invariant within a theatre, and 
consequently the arithmetic (for each theatre) can be done once for all -- 
pending fundamental changes In the technology of the theatre support 
system, or In he policy for support. Thus, the influence of variation in 
deployments aid In combat environments within a theatre will all be re¬ 
flected in the a(j matrix coefficients. "Standardized" values of these 
coefficients v lll be determined for various combat environments and de¬ 
ployment dept is so that the force planner can limit his attention to 
development of 'i force structure in terms of the modules, and then obtain 
a complete theatre troop list by computerized application of the A and B 
matrix data. 
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The remarks of Mr. Dalimil Kybal, Lockheed Missiles and Space Company• 
entitled "1975-1980 World Environment and Related National Security Needs" 
were not available at the time these Proceedings went to press. 
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TITLE: The Development of RECAP: A Model to Aid km Force Planning 

AUTHOR: Dr. B. Taylor 

CONTRACTOR: Research Analysis Corporation 

COGNIZAWr AGENCY*. AVC of SA (PPA) 

This paper describes progress to date toward the development of 
an autoMkted model to be used for the simultaneous (joint) analysis of 

requirements and pre-combat capabilities of Arny force units. 
Se Turent km force plannirl process is considered in order to show how 
lÏch a "REsource-C/iPability" model could supplement the 
process. The model’s method of assessing both cost and capability mea- 
Hures will be explained, along with several of its techniques which could 

comparison of for,, alteratives. See oí the limitations 

of the model are also discussed. 

Objective 

The objective of the model development is shown in Fig. 1. Points 
to be emphasized are first the joint consideration of both ^ 
capabilities, and second the rapid analysis objective. In this, a few 
dayfor less are the goal, rather than a few weeks or a few "»nths. Th 
idea is to improve back-of-the-envelope force estimates for P°r 
contingencies, rather than replace more sophisticated research methods. 

OBJECTIVE 

TO CONCEIVE. CONSTRUCT. AND EVALUATE 

an AUTOMATED METHOD 

for tho RAPID ASSESSMENT AND ANALYSIS 

of both RESOURCE REQUIREMENTS AND COMBAT CAPABILITIES 

Of ALTERNATIVE ARMY FORCES 

Fig. 1. Objective 
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Research Plan 

The tiras-phased subtasks of 
rently, prototype construction (the 
means coniputer progra ai-ãng and to a 
of the model which are now concepts 
tion of these concepts. 

the work are ^hovn in Fig. 2. Cur- 
third task) is about to begin, which 
certain extent, finalizing of parts 

This paper is essentially a descrip- 

RESEARCH PLAN 

Define the Problem 

Develop Model Specifications 

Construct Prototype 

Test & Evaluate 

Improve Model 

Document 

Transfer to Army 

Fig. 2. Research Plan 

Topical Outline 

The topics to be discusst re shown in Fig. 3- Design require¬ 
ments are included because part of the development of the model consists 
of asking what is needed of this type, in addition to current force plan¬ 
ning tools. Comnents are also made about resource and capability mea¬ 
sures, especially the latter. Tabulation, the computer model, and force 
comparison techniques are ioçortant parts of the RECAP model, and ^re 
intended to enhance the usefulness of raw data provided as inputs to the 

model. 



ßUTMUE 

• Introduction 

• Design Requirements 

• Measures and Their Tabulation 

• The Computer Model 

• Force Comparison Techniques 

e Summary 

à 

Fig. 3. Outline 

Current Aids 

We now turn to tfc design requirements for the model, and start 
by asking what methods are currently available to aid force planning. 
Some of the aids are shown at the top of Fig. 4. The points of com¬ 
parison are shown on the left-hand side, and have been chosen to high¬ 
light features which will later be comçpared with the RECAP model. Ail 
three of the aids are goód in providing information about tactical de¬ 
tail. This is especially true cf field experiment»» and war games which 
can be planned to generate large amounts of accessible information, 
which results ualnly from deliberate experimental control. However, 
because of this very fact they are relatively time consuming and can 
examine only a few alternative forces. And with very few exceptions an 
intrinsic ability to determine costr is not part of the aids. It is 
true that some equal cost force war games hive been played, and there 
are a number of cost-related weapon-system utudi.es. But Army force 
planning aids are a rarity with the ability to either control costs 
with effectiveness-type inplications or control effectiveness with 
cost inplications. 
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CURRENT AIDS TO 
THE FORCE PLANNING PROCESS 

I I "I 

Hi lim,tid 
Hi NO 

MANY ALTERNATIVES 
(ICOMI 

TACTICAL DETAIL 
(0IPTH) 

COST CAPAIILITY 
(OROANIC I 

CURRENT AVAILABILITY 

Fig. 4. Cunent Alda to the 
Force Planning Process 

Model Characteristics 

In Fig. 5 are shown some of the more specific Implications for 
the model design. Rapid use probably requires a computer program along 
with internal data storage. The latter will have to Include both cost, 
and effectiveness related indicator data in order to deal with both of 
these aspects of the problem. The last item on the chart is intended 
to suggest that a really adequate aid to force planning probably will 
have to do more than provide cost and capability implications of given 
forces. That is, some applications might well require fore'.* adjustment 
prior to contparison along with analysis of some type, such as partial 
rankings according to various measures. Especially prominent in this 
regard iu adjustment of forces for equality of costs before conparison 
on capability measures. 

Classification of Measures 

Before turning to a final statement as to how a resource- 
capability model is related to other force planning aids, let us look 



MODEL CHARACTERISTICS 

DMION GOALS IMPLIMINTINO MIAKS 

Rapid Ui« i 

Many ARarnativas 

Automation A 

Data Basa 

Both Coat A Iffactlva- Data Basa with Coat A 

Effactivanss» Maasuras 

VOTI#KvTvC«IVV«VIWv 

Comparison Capability 

Forca Adjustmant, 

Analysis A Display 

Pig. 5. Model Characteristics 

at sons measures of military worth as a basis for talking about these 
aids. Fig. 6 Is intended to point out the difference between pre-combat 
capabilities and post-combut outputs. The capabilities shown here are 
somewhat aibltraiy In that they are a selection from a long list of 
possibilities. However, the combat outputs shown here are probably of 
chief interest for actual combat or any technique which simulates combat. 
TMs points to the advantage of aids which provide combat outputs instead 
of capabilities. This is Just another way of saying that games and field 
experiments can provide tactical detail that capability measures cannot 
provide. Pig. 6 also indicates why the term "performance" i« not right 
for this model. In a sense, the post-combat outputs represent the per¬ 
formance of the forces involved, whereas the model deals with precorabat 
capabilities. 

We next ask where force effectiveness fits into the picture, and 
how it is related to capabilities and combat outputs. 
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COMÛAT CLASSIFICATION OF MEASURES 

PRECOMBAT 

Fir«pow«r Potential 

Airlift Capacity 

Starch Arta/Hr 

(Capabilities) 

1, 
C 

O 

M 

B 

A 

/ 

. T 
V 

POST-COMBAT 

Casualties 

Material Losses 

Area Gained 

(Outputs) 

* 

Fig. 6. Combat Classification of Measures 

The point of focus of Fig. 7 in the combat process. Prior to 
combat, there are the friendly forces with their capabilities, during 
combat a (probably nonlinear) Interaction with an enemy, and after com¬ 
bat the outputs for both friendly and eneny forces. The question then 
is, what about effectiveness? Suppose one adopts an often used defin¬ 
ition that an effectiveness measure is a measure of the degree of ful¬ 
fillment of combat objectives. In this case, the combat outputs may 
or may not be good measures of effectiveness, depending upon the ob¬ 
jectives. 

Fig. 8 shows the relationship between capabilities and effective¬ 
ness. Capabilities are pre-combat and effectiveness is post-combat, with 
effectiveness depending upon both combat outputs and combat objectives. 
From this sort of picture some statements of the following kind can be 
made. 

First, an approach which uses capability measures does not end 
cannot deal with u*a specifics of the enemy or combat environment. 
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Second, such an approach does not and cannot deal with the non¬ 

linear effects and interactions of combat. 

Finally, since other force pUnnlng aWs^focu. on tactical 

situation and Its non-linearities, a f^en. 
supplement to these other methods, and not a substitute for 

Sone Measures 

FlK. 9 illustrates the fclnd of mrasures for uhlch data Is now 

tel„6 sought It lsrd incompletus^ being 

classlfied°accoidlng to the 'rt‘“,^ncrepted co^at functions,^in 

SSrSiSÄ äs ä;- 
ïl^f 5G Lis"4rCÜe^8StiuLr ^u”sS^ScoüwSd"^tiona sud. S ïtsærzxæzzs*- 
actions which lead to contât outputs. 

_RESOURCES_ 

Initial ptacatimt invaitmant to*t 

Recurring ptocatim# co*t 

Rocurring wortim# colt 

No. of CSA’t lift roquirod 

Wartimo comumption, ton/mo 

SOME MEASURES 

UNDER CONSIDERATION 

* 

FIREPOWER (FPU 

Lino of Sight 
Indirect 

Antitank 
Antipononnol 

Total 

MOBILITY_ 

Whoolod Voh, tan-km/hr 

Tracked Veh, ten-km/kr 
Aircraft, ton-km/hr 

Aircraft capacity (men) 

Bn lift capability 

OBSERVATION 

Ground radar area 
coverage 

Obiervatien A/C. available 
flying hour* per day 

Fig- 9* Some Measures Under Consideration 
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Output Concept

The cooplete output concept for the RECAP model is as shown In 
Fig. 10. The force alternatives are listed on the left, with a single 
entry corresponding to the total value of a single measure, for a single 
foiee alternative. In order to obtain such a single measure toteLL, it 
Is necessary to combine the measures for the contoat modules within the 
force. This Intermediate step Is shown In Fig. 11.

This figure shows the beuslc conjiutatlonal operation planned for 
the resource and capability measures. A much larger list of measures 
than these three would be used in an actual application. The main point 
Is that these measures are added, or sliqply tabulated, over the various 
oiodules of a force. This takes advantage of the addltlcn of capability 
measures, leaving the non-additive combat effects in particular situ­

ations to other force planning aids.

RESOURCES CAPABILITIES

icon NON-t
COST

Fttl-
rown MOMirr iwtai

I KMNCf
COMSAT
SUffOtT

MEASURE TOTALS PER ALTERNATIVE

Fig. 10. Output Concept



Additive Measures per Combat Module 

Combat Modules Quant. 

5 yr 
Peacetime Firepower 

Cost Potential 
l$Mil) Line of Sight 

Carrying 
Capacity 

of Aircraft 
IMen1 

UNIT TOTAL UNIT TOTAL unit TOTAL 

Inf. Bn. 8 

Tank Bn. 2 

Airmobile Co’s 11 

41.4 331 4,250 

£8.5 117 29.650 

25 275 100 

34,000 ' 0 0 

59,300 0 0 

1,100 227 2 500 

FORCI TOTALS 723 «#>400 2500 

Fig. 11. Additive Measures per Combat Module 

Current Aids versus RECAP 

Having reviewed in a rough way the sorts of things that a re¬ 
sources and capabilities node! can and cannot do, we now summariae what 
was said. Fig. 12 Indi^r.tes that a RECAP model has definite advantages 
where other aids are weak, tnd has definite failures where other aids 
are strong. In commercial terms, a resources-capability model is neither 
the best mousetrap nor a better mousetrap. It catches mice which are not 
now being caught but fails to catch other mice that other tups catch 
regularly. 

Prototype RECAP Model 

We now turn to some of the features planned for the computer pro¬ 
gram and for the methods of its use. Fig. 13 shows the major blocks in 
the information flow. In any particular use of the model, inputs will 
have to be specified. This task will be ficilitated by the use of a data 
libraiy of factors, some of which may be additive measures, while others 
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COMPARISON OF AIDS TO 
THE FORCE PLANNING PROCESS

YIS

LIMITIO

NO

MANY ALTERNATIVES
(tCOM)

TACTICAL DETAIL

COST CAPABILITY
(oaoANtc)

WAR FIELD WAR RECAP
DATA EXPERIMENTS 6AMES MODEL

CURRENT AVAILABILITY
n**Tj

Fig. 12. Con^arison of Aids to the 
Force Planning Process

Prototype Recap Model

INRUTt
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COMPUTH ORIRATIOMS
• Ad^st Fwces
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OUTPUTS
• Adjusted Forces
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8A2 CHARTS 
PLOTS

•Rasaarca Factors 1• Kswwcv racivrs y anD/OR
• CapabHIty Tsctwsj roRctHSMiNT

Fig. 13. Prototype RECAP Model
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may be factors which go to make up measures only after comtining-operations 

are applied to them. Among the inputs the user will specify,are first and fore¬ 

most the force, bv modules, that he is interested in. This will include for 

cost purposes, some statement as to the current availability of such modules, 

i.e., the Inheritance assurrçtions. Measures will be selected by perhaps a 

checkoff list. Some provision might also be made for selecting combinations 

of measures by the user, such as products or quotients. Environmental states 

would be limited to the simplest and most essential ones, such as general 

terrain types, because this involves measures for each environment. We will 

leave for lat^r the discussion of the conçuter operations and the output. 

Data Library Table 

Fig. 14 shows the arrangement of data in one part of the library. 

The main point is that numerical measure values are associated with either 

combat modules or equipment items. The inclusion of equipment items is 
explained in the following way: 

Since RECAP is a force planning tool the primary interest and out¬ 

put is in terms of combat modules and summed measures for forces which 

contain these modules. One way of obtaining these measures is to have in 

the liorary data for individual ec*iipment items along with the table of 

equipment for each module. The computer will then add up measures, such 

as firepower potentials or vehicle cariying capacity, for individual items 

to obtain combat-module totals. Those latter totals can then be used in 

the same way ar the measure quantities for the battalions shown in the 

bottom part of Fig. 14. 

Data Library: Factor Table 

SYSTEM 
TYPE 

FIRE¬ 
POWER 

POTEN L 

SPC» 
TERRAIN 

A 1 

TANK SYSTEM 

lOSmni HP HOW, SP 
1S5 mm HOW, TOW 

• 

A 

B 
C 

4M 

m 

MA 

VH 
A 

W 
M 

RIFLE 

5 TON TRUCK 

f 

INFANTRY BN 

MECHANIZED BN 
AIR MOBILE BN 

G 
G 
G 

* 

COST 
ANNUAL 

PROCURE OPERATING 
MINT I PEACETIME] 

' 

W 

+ 
tH 

MR 

WEIGHT 

MM 
m 

iá 

4k 
wyU 

Fig. 14. Data Libraiy: Factor Table 
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Force Structure Specification 

Fig. 15 shows the Input Information required to specify a force 
in its sisçlest form. The types of combat modules in the f®£e ™ 
the left. The numerical information can be interpreted in the follow! g 
way: Consider the top line on the chart. Alternative 1 Is ««« con¬ 
tain eight infantry battalions with the assumption that none are on rm ^ 
for use in this alternative and hence must be newly activated battalions. 
Alternative 2 contains no infantry battalions and hence makes no dlrec 
use of the assumed eight battalions already on hand, aithough they couid 
be broken up and used in other combat modules of alternative 2. This 
example is given iti full generality. In a specific app^ca^°^ ÍÍ 
inheritance assumptions woold probably be the same for all alternative 
under conçarison. 

Output Evaluation 

The concept for a basic type of output is shown again in Fig. 16. 
The force alternatives are listed on the left, with a single entry in the 
table corresponding to the total value of a single meaaure ® 
force alternative. If such Information con be provided relatively qplxkly 
to a user, the model has paid off as a rapid data assembly aid. However, 
the problem ci selecting the best set or subset of these alternatives for 
a particular use still remains. To visualize this problem, suppose you 
were presented with an array of numbers for, say, 10 50 
measures. That is 500 numbers and a lot of data. But the matter 

Force Structure Specification 

Alt #1 hÉMltMM Ml «2 •••• 

Inf Bn 8 

Mach bn 0 

Tank Bn 2 

Airmobita Bn 0 

Airborne Bn ( 0 

• i e 
• E 

Fig. 15* 
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0 
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V 

1 

Force Structure Specification 
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Fig. l6. Output Concept

simplified to a certain extent by focusing on one measure at a tine. If 
for each and every measure, one alternative is best, that alternative is 
the preferred alternative. However, this is an unlikely situation. The 
problem will proi-nbly always result in a need for the user to choose among 
conflicting capabilities - conflicting in the sense that sone measures will 
point to one set of alternatives, while other neeusurss will point to amther 
set of alternatives. To see what could happen in this regard, a hand cal­

culated example was tried for two different divislon-slsed forces, using 
rough data.

Fig. 17 shows a very limited set of measures for these two forces. 
For the resources, notice tiat the airmobile division costs more but has 
less wartime consuiuption. Arid for +he capabilities, the Infantry division 
has more firepower but less air capabilit* as represented by lift cmpsLblllty 
and observation aircraft flying hours. Which is preferred? The answer 
would no doubt depend, at xeast, upon the contingencies which the user of 
the RECAP model has in mind. One device that might be of help would be to 
adjust the forces prior to this comparison so they would be of eq.iatl cost, 
or so they have the same firepower potential for line of sight weapons.
Thii would eliminate the need to make comparisons on these necusurrs. The





INrANTtT AHMOMLI 
DIVIMON DIVISION
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Sample Force Comparison

COST FIREPOWER
POTENTIAL
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Fig. 19. San|)le Force CoogiarlBon
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Fig. 19 shows the resulting measiue values. It Is Interesting that now 
the augnented Infantry division Is equal In cost and better in both total 
firepower and flying hours. If this were the end of the story, It would 
have a happy ending. However, there is at least one catch - the firepower 
of the airmobile dlvisicm Is, by definition, airmobile, while that of the 
augmented division Is not. This would lead a user of the model to want 
measures for both the airmobile and the non-alrmobile firepower potential 
of the augmented infantry division. As a result of this, along with the 
presence of other measures, we are back again to the general case where a 
large nusher of measures are of Interest and the user functions as an 
evaluator of cctifllctlng measures among the various alternatives.

Qraphical Output

Fig. 20 shows what results if one focuses on two different mea­

sures in more detail, namely weapon firepower and weapon range, and for­

gets for the moment the other measures. This is another aid to compari­

son, the first being the adjustment of forces, the other being of the 
type shown here. In any case, such options are under the control of the 
user of the model and would have to be specified as part of the input. 
This diagram was constructed by taking the maximum and minimum range of 
every weapon in the division and constructing on this range-difference a 
rectangle whose height corresponds to the firepower potential of the 
weapcai. All rectangles were then stacked on top of each other, and the 
resulting profile was then plotted.

Sample Output: Graphical Display

FIREPOWER POTENTIAL

RANGE, klltiMttrt

Fig. 20. SMQile Output: Graphical Display



Major Model Optlona 

F1«. 21 1$ Intended to point out the basic distinction between 
the use of the nodel to singly tabulate resource and capabilities totals 
for given forces on the one hand, and the use of the model to organize 
these tabulated totals or adjust the given forces to facilitate conç» :1- 
8cus , on the other. In either case, displays and arrays of various types 
of output will be available. 

Major Model Operation Options 

Typ« I Book««ping Only 

• OUTPUT TABULATIONS OF MEASURES 

FOR UNADJUSTED FOKCES 

Typ« II Fore« Compartion T«chniqu«t 

• FORCE ADJUSTMENT 

• BOOKEEFINO 

• OUTPUT DATA ORGANIZATION 

Fig. 21. Major Model Operation Options 

Force Comparison Techniques 

Fig. 22 Is simply a list of those conparison techniques which 
might turn out to be useful. Some have been tried out numerically and 
others have not. There is a natural classification of these techniques 
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Into those that require adjustment, meaning scaling or restructuring of 
a force alternative, and those that do not. In case of restructuring, 
the user of the model must specify those modules which will vary during 
the adjustment and those which will not. One of the tested options 
along this line has been a constrained maximization of selected capa¬ 
bilities measures, and a constrained minimization of cost, using linear 
programming. Hcwever, it is felt that these might be too elaborate for 
the measure data, and simpler comparison techniques will be more useful. 
Such a technique is shown in Fig. 23. These tables are intended to repre¬ 
sent sutanaries of comparisons which the user would otherwise have to pick 
out for himself from measure totals for each alternative. They are appli¬ 
cable to both adjusted or unadjusted forces. The table on the left ranks 
the alternatives first, second, third, etc., for each measure. The mea¬ 
sures at the top of the table would be listed by name, while the alterna¬ 
tives would he listed by both name and measure value. The table on the 
right lists for each alternative all its "firsts" among the measures. Its 
"seconds" and "thirds" could also be listed, but are not shown here. As 
before, the body of the table would contain both names and numbers. 

Fora« Comparison Techniques 

• Combined measure* Si graphical display* 

• Ranking of forca alternativas for each measure 

• listing of dominant measures for each alternative 

• Elimination of dominated alternatives 

• Adjustment of forces to 

• OBTAIN AN IOUAL UVIL IN A SINOLI MIASURI 

• IMflOV' PfRFOtMANCI WITHIN UW* BOUNDS ON COST 
AND lOWI* BOUNDS ON PfRFOBMANCE MIASUIES 

• MINIMIZE COST WITHIN IOWEB BOUNDS ON PEBI OR MANCE 

Fig. 22. Force Comparison Techniques 
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Some Techniques for Organizing Output Data

QHinnj

Fig. 23. Some Techniques for Organizing Output Data

SUMMARY
DISADVANTAGES

•Multiple measures
• Performance is not effectiveness 
•Lacks tactical detail 
•Quantifiables only
• Limited capability to assess interactions

ADVANTAGES

•Rapid L simultaneous assessment of
BOTH RESOUeCE REQUIREMENTS AND 

COMBAT CArASaiTIES
for many force alternatives

• Automatic adjustment of forces to
aid comparisons

• Automatic ranking of forces to aid
comparisons

Fig. 24. Summary



Disadvantages and Advantages 

Fig. 2k lists some of the pros and cons of the proposed model. 
The biggest disadvantage Is Its lack of tactical detail. But this can 

be left to other aids to force planning. It should be noted that the 

automatic ranking shown in Fig. 2k as an advantage is ranking per 
measure and not an overall ranking. There is also some hope that RECAP 

can be used to enhance the use of other aids, such as war games, by 
handling Jointly with these other aids a large number of alternatives. 
In this case, the RECAP model would examine those alternatives not han¬ 
dled by the game, due to time limitations. But this must await the 

demonstrated feasibility of the RECAP model. 
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EXPLOITATION OF THE MIL-STP 782 RECON DATA SYSTEM 

Mr. E. R. Hommet 
FMA, Inc. 
4733 Bethesda Avenue 
Washington, D.C. 20014 
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From the dawn of recorded history to the mid-l9th century, aerial reconnaissance 
was best typified by prehistoric man climbing a tall tree to report the location and 
size of hostile dinosaurs or the presence of an unwary mastodon herd. Although the 
content of the reported data varied with epoch, the acquisition techniques did not. 

By the time of the United States Civil War, the range of weaponry had increased 
to the point that better and more immediate data was essential. Attempts to exploit 
tethered hot air balloons as reconnaissance platforms met with limited success and 
pointed the way to use of the aerial reconnaissance platform in World War I. 

During World War I, hydrogen filled balloons were extensively used for artillery 
spotting and free flight balloon reconnaissance was attempted. The vulnerability of 
the observation balloon and the explosive quality of hydrogen gas tend to characterize 

these efforts as the first tactical usage of a hydrogen bomb. 

The development of heavier-than-air craft to opera.ionol status during World War I 
allowed use of aircraft as reconnaissance platforms. Reporting was based upon visual 
observation and photography from hand held cameras. Despite obvious equipment 
limitations, airplanes and photography during World War I provided substantial quantities 

of valuable intelligence information. 

By the end of World War II, Aerial Reconnaissance came into its own, not only as an 

arm of the military commander, but as a pure intelligence tool. 

Since World War II, the capability of both military striking forces and aerial 
intelligence gathering systems has increased quite considerably. Advances in missilry, 
aircraft striking forces, air lifted ground troops and in ground transport have been 
thoroughly documented. Advances in aerial reconnaissance, although less pti>licized, 
include both orbiting ana airborne platforms equipped with a wide variety of sensors. 
Data is acquired throughout the complete electromagnetic spectrum from communication 
frequencies, through microwave, infrared and visible light emissions. Both active and 
passive systems are used at all wave lengths froviding substantially all-weather coverage 
over thousands of square miles with ground resolutions as fine as one foot. Although no 
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slftctle senior nrovldes oil the copAlllty desired tor moxlmuot dot. ocqolsltlon, selection 

of the most desirable combination results in collection of vest amounts of deta^ed 

information concerning extremely larg* geographic areas. As an example of the 

magnitude of the collection effort, unofficial figures show over 1.5 million feet ot 

photographic aerial reconnaissance imagery was collected during January IV66 m 

Vietnam alone. 

A major portion of aerial reconnaissance data is collected In the form of Imagery on 

photographic film. In general, this imagery contains great masses of extraneous data 

interspersed with small quantities of vital information. The function of the .mage inter¬ 

pretation team is to extract the vital informatisn and present it in usable fonn to the 

intelligence analyst or commander. Among the questions which must be answere 

concerning any item of interest are What, Where, When, How Many, How Large, What 

Change. These must be answered for the known and the suspected, also the unknown and 

the unsuspected. When dealing with counterinsurgency, the latter is often the case. 

Although sensor systems have been vastly improved, the scale and resolution of the 

image is often marginal for detection, identific-iion and measurement of vital «mages, 

both natural and mon-mode objects may camouflage or obscure the installation. Lack of 

known terrain features often hinders determination ce the geographic position of a detected 

object. The location of a known point ,n both the roll of film and in the frame of imagery, 

frequently, is difficult to identify. 

In order to perform its function properly, the image interpretation team must correlate 

data from a number of sources to accurately locate and describe a potential threat. 

These sources include charts, maps, previous reports, previous imagery and may include 

data from non-imaging intelligence media such as HUNT, observers reports or ground 

Intelligence. Accurate location of any object requires knowledge of the sènsor paraneters 

and of platform position, altitude and attitude during image acquisition, measurement of 

image coordinates and conversion to ground scale. Determination of object size requires 

similar knowledge and action plus derivation of height by stereoscopic measurement or 

shadow angle comparison. 

If each interpretation task required detailed analysis of every object in every mission 

without a prior knowledge, the image interpetation team would bo hopelessly lost. 

Fortunately, the trained human mind is capable of rapidly correlating large numbers of 

apparently unrelated (and often nearly undefinable) decision criteria to reject areas of 

little interest and to povide amazingly rapid and accurate analyses of pertinent infonnation 

Unfortunately, the exponentially increasing quantities of incoming data and required 

information output are rapidly overtaking the cfcility of the image interpetation term to 

provide accurate timely analyses. 
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Among the effort* to alleviate the photo interpretation problem, ii the application 

of automated and semi-automated technique* to o**i*t the interpreter in location, 

orientation, menjuration, computation, retrieval of collateral data and report 

preparation . 

One of the powerful individual techniques utilized in simplifying the task of the 

image interpretation team is recording pertinent flight data on each frame of imagery. 

MIL-STD-782 adopted first in June 1963, revised in August 1963 and again as MIL-STD- 

782 B in March 1965 defines the characteristics and content of the recorded flight data 

block. Proper exploitation of this data ensures certain correlation between flight data 

and imagery; substantially aids in orientation of the interpreter along the image flight 

path; allow« rapid determination of the ground location corresponding to each image 

segnent; provides the sensor and platform data necessary for conversion of image to 

ground scale; and allows rapid retrieval and presentation of previous or reference imagery 

and collateral data such as maps, charts, interpretation reports, etc. 

Flight data is recorded in accordance with MIL-STD-782 B as excess 3 binary codsd 

characters in a format occupying a maximum film oreo of 0.545" x 0.594". Figure I 

shows the configuration of a cede block. Figure #2 shows one of the possible code block 

locations on reconnaissance frame photography. Figure 3 describes the data included 

in the reconnaissance data block and the Information soiree. Similar information is 

recorded or, mapping photography except that the B/N Mode character is replaced by a 

map format indicator, the two ELRAC (Electronic Reconnaissance Accessory equipment) 

output spaces ore used for cañera Him identification and cernera azimuth and the SLAR 

Mode character is used to identify mount mode. 

Examination of Figure #3 shov/s that all information required for image location, 

coordinate conversion., date, time and source of imagery, sensor type and mode is contained 

in the code block. The addition of optional ELRAC data provides the interpreter with clues 

to the type and location of RF emitting installations. Complete data is recorded on each 

frame of imagery simultaneously with image acquisition. In consequence the interpreter 

can utilize any single frame or a complete roll without having to correlate the pilots log 

and mission plan with imagery to obtain required flight data. 

A description of available techniques for exploiting the MIL-STD-782 code block 

requires some additional consideration of the code block characteristics and tolerances. 

Data on the code block is accurate within the tolerances of the source data and has the 

resolution indicated in Figure *3. 

The absolute accuracy of time data approaches the resolution of the cade block (0.1 

second). The time recording may be utilized for frame count (as it is always on ascending 

number), velocity dotermination, shadow height mensuration, etc. 
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Poli Hora I occurocy (latitude and longitude) depend* on the aircraft inertial 
navigation *y*tem, the frequency and accuracy with which the lyitem i* updated, 
the per hour rate of deviation allowed by the total jystem, etc. Some INS systems 
update with LORÀN or SHORAN achieve accurace* of ± a few hundred feet in a 
minion. Other *y*tems relying solely on manual updating can provide accurances 
from this to 1-2 nautical miles (nm) but ore subject to errors in update procedures. 
Unofficial information from S.E. Asia indicates that accuracies of 2-3 nm are common 
in operational missions but occasionally errors as great as 26 nm have been observed. 

Altimeter accuracy approaches the resolution of the recorded data (10 feet for radar 
and 100 feet for barometric altimeters) but it is dependent upon the aircraft instrumentation, 

calibration procedures and flight altitude. 

Attitude (pitch, roll, drift & heading) data should be as accurate as the recorded 
resolution (0. I<>) and is sufficient for all but the most precise mapping missions. 

ELRAC data is general os to location and type of emitter with more than sufficient 

accuracy for its purpose. t 

The remainder of the data does not involve accuracy considerations except as manual 

error may introduce faulty information. 

The previous brief resume of data accuracy indicates that navigation data from remote 
aided systems is adequate for all but the most precise location which may be used to locate 
the immediate area. As will be discussed later, use of computer techniques in combination 
with code block data and visual deteimination of the recorded location of a few identifiée 
features can provide relatively precise location information from these navigation systems. 

All other recorded data provides sufficient accuracy for normal reconnaissance missions. 
Extremely precise measurements such as may be required for mapping, careful target 
location or distinguishing between similar appearing artifacts differentiated primarily by 
snail size differences, may require recourse to conventional scaling, mosaic or similar 
techniques involving comparison of known and unknown imagery. Even in the latter case, 
use of the data block information can ensure against gross errors by providing a reasoncble 

check. 

Al! flight data is recorded in the code block in the form of six bit characters. The 
first bit is an index bit and identifies the start of each character. The final bit is a parity 
bit used as a check against errors in recording and automatic reading. This bit is inserted 
only when required to make the total number of data bits plus parity an odd number. The 
center four bits contain the recorded information in the form of an excess-three binary code. 
Reading from the index bit toward the parity bit, each data bit is assigned a value w, 4, 
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2, I respectively. The value of the recorded data bit is the sum of these values minus 
three. Thus a recorded character 110011 would have a value 8 + 0+ 0+1-3*6 since 
the index bit and the parity bit have no data significance. Th.« numeric value - 3 is 
not used. Since a binary zero has no bits, the purpose of the shirî is simply to insure 
that at least one bit is present in each character. The numeric values minus 2, minus 
I, plus 10, II and 12 are used for sign or other special character». Ihe significance of 
each coded character is shown in Figure *4. 

Present operational systems use a cathode ray tube to record the code block serially 
by bit through each characler, serially by character down each column and serially by 
column. When forward motion compensation (FMC) is used In the sensor, film motion 
during the recording process leads to distortion of the code block. Reasoncfcle tolerances 
for CRT recording in an aircraft environment introduce additional distortions. Variations 
in tube operating characteristics and alignment may cause contraction or expansion of the 
code block. Jitter in the retrace, sweep or modulation circuitry may cause displacement 
of bits relative to each other. Variations in modulation circuitry gain or film 
characteristics and processing may cause variations in the size of individual bits and in 
the density ratio between a bit and its adjacent background. Image exposure is often not 
optimum and variations in film processing and duplication must be utilized to optimize the 
image information content. These variations affect both bit size and code block density 
over a very wide range. Figure illustrates th e extremes of code block 
variation. Figure *6 illustrates the range of allowable density variations. 

The first step in exploiting the Mll-STD 782 code block is to translate the recorded 
data into a format usable by the interpreter or by other equipment, i.e. a computer. 
With suitable magnification and illumination, visual interpretation provides the most 
reliable way of detecting bits since the range of the human eye and its adaptability to 
a wide variety of conditions exceeds that of nearly any automatic imtrunent. Conversion 
of the detected bits into human or machine usable data is a very time consuming process 
subject to substantia1 error. An immediate question arises. If humans can be trained to 
read alpha-numeric characters or teletype tape at several hundred words per minute and 
cdh receive Morse code aurally at several tens of words per minute, why can't they be 
easily trained to read a simple 16 character code system with more than adequate speed? 
The answer to this question lies in two parts. Anyone who has been trained to receive 
Morse code will recognize the differences in attainable speed and error rate when 
receiving "in the clew" and when receiving code groups. The lack of known relationships 
between the individual letters of a code group and between groups fpeatly lowers the 
intelligibility of the signal and increases error rates. A similar situation exists when 
translating all numeric data. Transposition and substitution of numbers in accounting are 
such common errors that a rigid set of checks is utilized as protection ana most manual 
accountants routinely perform all operations twice. This problem is greatly increased 
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wh«n Bach character consists of 4 data bits plus two housekeeping bits. A second 
and perhaps equally important problem 'ies in the format of the MIL-STD-782 block. 
The geometric distortions inherent in the recording technique require that bit positions 
be read with respect to adjacent recorded bits to ensure non-anbiguous assignment 
of a detected bit to the correct file. The combination of size variations, drew and 
possible bit misalignment reduces the ability of the human interpreter to judge file 
assignment without careful inspection and introduces severe error rates into the pattern 
recognition process essential to rapid translation of code blocks. 

The above remarks are not intended to imply that reading MIL-STD-782 blocks 
visually is an impossible task. Indeed bbcks recorded outside the specifications of 
MIL-STD-782 may be interpretable in no other way and for a variety of reasons every 
photo interpreter should be capable of reading the cade block by eye. They do 
indicate that manual reading is a time consuming process, subject to severe vrror rotes, 
unsatisfactory for effective and/or consistent use with semi-automatic or automated 
interpretation techniques. 

Efforts have been made to allow the interpreter to concentrate on bit detection 
and location by providing keys into which he can punch the I's and 0's detected 
visually from the code block. Use of this technique minimizes the interpreter training 
required to translate the code blocks but does not solve the problem of file determination. 
Additionally such equipment is relatively slow compared to pattern recognition, 
accentuates the problem of 1-0 tiarspositions and requires relatively expensive displays 
or formatting equipment to allow visual or machine utilization of the output. The 
speaker has no authoritative data concerning tests performed with this type of equipment. 

Several known types of semi-automatic code readers have been and are being 
considered. These readers are relatively low cost units designed to read and display 
stationary MIL-STD-782 code blocks. Ir. general, these units utilize a low speed 
scanning and detection mechanien to detect the recorded bits and arrange them for 
display or utilization. Geometric tolerances are compensated by manually distorting the 
scanning path or the optical projection of the code block. Since code block recording 
systems do not usually show gross geometric changes from frame to frcme, a single setting 
is normally sufficient to read several blocks or possibly a complete mission. The semi¬ 
automatic readers will not read worse-worse case blocks but depending upon 
interpretation mission requirements may read a sufficiently high percentage to warrant 
their use. Output from semi-automatic readers have been primarily in the form of visual 
displays for interpreter use. Digital outputs could be provided but the time consumed 
ln stopp! ig the film, positioning the block in the reader, performing any required 
adjustments and allowing the slow scan does not appear compatlb'e with automatic control 
or computation systems and certainly would prohibit any automatic point or frame coverage 
searching. 

« 
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Fully automotlc cod« rend«« and driplays which r«ad MIL-5TD-782 cod« blocki 
a» rot« of 4 blocks per second or flint spe.d. of 20" per «.cond or. In op«rotlo«il 
US«. These readers will operate with positive or negative film emulsion up or emulsion 
down and will present their output through a digital buffer to automatic computohon 
and control systems or as direct reading or buffered digital displays. They are 
operational « modul« of Image Interpretation Systems In the U.S. Navy ond mobile 
„none Interpretation environments. Configuration, to fit standard light table, or 
special purpose viewers are available. A variety of effort, to Improve operational 

characteristics are in progress. 

Selection of an optimum operating technique and equipment configuration for 
exploiting MIL-STD-782 coded flight data is very much dependent upon predicted 
mission requirements. For certain types of missions such as strike damage evaluation 
of know targets with excellent documentation of original target size and surrounding 
ground scale, the primary value of the data block, other than for on-line computer 
use may be in verification of the date and time of image acquisition and quick 
retrieval of previous imagery for comparison purposes. Similarly evaluation of 
repetitive border surveillance missions over well marked and well known territory 
may utilize the data block primarily for sortie, time and date verification with 
detection, identification, location ond measurement performed by identifying and 

scaling from known objects within the imagery. It should be noted, however, thaï even 
in missions of this type, large volume or very short reaction tlme^lrements may worm 
extensive use of data block Information for quick automatic or automated location of 

desired imagery and rapid call-up of comparison data. 

In other types of missions such as spot or area surveillance over areas with few 
distinctive terrain features, such as jungle canopy, extensive use of ^avgotion doto 
from the code block is a practicable solution to correlate the knogery with the ground 

coordinates. 

Several possible uses of the data from MIL-STD-782 code blocks con be contemplated. 

The degree of automation required for effective performance is ,. . . 
appropriate. There are, however, some assumptions concerning work load and al 
interpretation time implied. Each function con b. ond i. being perforated 
Intent of this paper is to illustrate alternate techniques to assist the image interpretation 

team In its task. 

Um of dote from lhe MIL-5TD-782Í code block con provide «dwtenttel Mitten» *• 

the interpretotion teem in several mo (or oraos. Tb««« Include: 

Photo interpretotion orientation 
Rapid location of imagery covering specific geographic 

areas or locations 
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D«t«nn (notion of approx (mat# and txact location 
of dotoctod imtallotions 
Synchronization of now and roforonco imogory 
with charts and maps 
Collateral information rotrioval 
Pilot trac# correction 
Plots of image cover 
Plots of known installations 
Ground scab determination 
Object height determination 
Data base organization 

One of the basic problems of image interpretation is orientation of imagery with 
respect to the terrain. Typically this operation Is performed by locating recognized le 
terrain features in the imagery and using the pilots log and interpreters memory to 
assist In locating the same features on charts or maps of the area. Once a reference 
point and heading are established, the Interpreter can "fly" the pilot trace through 
successive frames using additional terrain features to maintain correlation between 
imagery and geographic position. This procedure is effective where terrain features 
are plentiful and is particularly useful when the interpreter is familiar with the 
terrain. If the area contains few recognizable terrain features, or mapping is poor, the 
procedure becomes very time consuming and may at best rosult in only approximate 

orientation. 

Use of navigation data from the MIL-STD-7S2 code block can substantially assist in 
interpreter orientation. Since latitude and longitude are provided to 0.1 minute on each 
frone (approximately 0.1 mile at the equator), the Interpreter may directly refer nomina^ 
aircraft position to the appropriate chart or map position. Depending upon the estimated 
navigation accuracy and terrain characteristics, the search for corresponding features may 
be limited to a relatively few frames to establish a reference. Correlation between 
imagery and chart position along the mission is provided by reference to the navigation 
data and occasional corree rio., by comparison of terrain features. Manual or semi-automatic 
data block reading is satisfactory for estrblishing the reference point but becomes 
cumbersome if continual reference to the data block is required. Automatic reading with 
a visual presentation allows quick reference ta data block and chart coordinates particularly 
if a conversion overlay from latitude-longitude data to chart coordinates is used in connection 
with the chart. If a computer and a suitable input-output (10) device is associated with 
the automatic reader, a cursor on the chart display may be automatically tracked with 
aircraft position or even with a corresponding cursor on the Imagery. Tracking accuracy is 
dependent upon the recorded navigation data and the correction information and program 
supplied to the computer. In theory, accuracy may be equal to the best ootainoble from 
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mission pbotogrophy. Practical considerations will probably dictate less precise 
corrertion except for specific installations. 

Many interpretation missions require periodic reports on specific installations 
at known locations. Substantial reduction in interpreter effort is possible if tbe 
imagery covering the specific installation can be rapidly presented to the 
interpreter. Often imagery for several of these missions will be procured in a single 
sortie and presented on a single roll of film. Use of the code block navigation data 
allows rapid image positioning to the desired frame or nearby frames. If manual or 
semi-automatic reading is utilized, the position of the mission imagery on the roll 
is estimated from the pilots log, the film slewed to approximate position and the 
desired frame located by reference to the navigation dota and imagery. If automatic 
code reading is available with visual display, the interpreter can slew the film near 
the desired location by reference to the more significant digits of the sequential 
latitude and longitude displays and locate the desired frame by slowing the film 
transport to allow reference to the least significant digit. Depending upon the 
accuracy of the navigation system, the desired installation will be located within a 
few frames of the nominal position. Used with an on-line computer, the frame 
nominally covering the desired area can be directly positioned since each frame 
coverage can be computed while the film is being slewed. 

Approximate position of any installation detected on the imagery can be provided 
by reference to the navigation data, the nominal film scale (focal length/altitude In 
the same units) and the aircraft heading. More accurate position information may be 
obtained by correcting the navigation data by reference to the nearest known terrain 
feature. Still greater accuracy is obtained by correcting navigation data for position, 
velocity and heading from two or more known terrain features and including the 
effects of scale distortion resulting from aircraft altitude. The above comments apply 
particularly to vertical frame photography. If oblique or panoramic photography is 
used for scale measurements, corrections must be inserted for the effects of sensor 
angle and for forward motion compensation distortion. Absolute determination of 
ground distances should include the effects of changes in ground elevation. As each 
correction is added, ground scale computations become more complex and time 
consuming. 

The simplest computation for reasonably high accuracy is provided by scaling two 
or more known terrain features on the same frame and proportioning the unknown to 
the measured scale factors lineally or with corrections for obliquity if the imagery Is 
not vertical. If, as is often the case, multiple known terrain features are not available 
in a single frame, more complex manual computations become quite time consuming and 
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are leldorn attempted in reconnaissance interpretation. Provision of an electronic 
programmable desk calculator and reference to code block data and nearby terrain 
features provides the capability for relatively accurate position determination with 
reasonable effort. Use of an automatic code block reader on-line with a general 
purpose computer and provisioned for manually or semi-automatically supplying the 
image coordinates of known features allows very accurate determination of ground 
position. Inclusion of terrain slope data from reference charts or maps will improve 
positional accuracy determination, but should seldom be required unless slopes are 
unusually great. Certain sensors may introduce sufficient distortion to warrant 
inclusion as a correction. Correction of such distortion requires detailed knowledge 
of sensor characteristics as a function of viewing angle. 

Code block navigational data can also be used to provide descriptors for retrieval 
of reference or collateral data filed by geographic area, time, scale and sensor. 

Most of the above functions rely heavHy on the use of navigation data to provide 
information. Inertial navigation systems allow positional errors during a mission 
ranging from a few hundred feet to a few miles. Use of an automatic code reader 
interconnected to a general purpose computer with facilities for manually or semi- 
automatically entering the recorded and actual coordinates of known terrain features 
allows for a navigation correction table routine that can adjust the navigational data 
on every frame. Each terrain feature entered imprcv«» ihe accuracy of the navigation 
correction. 

Computerized interpolation and extrapolation from the terrain features will provide 
substantially improved navigation data accuracy since inertial navigation systems 
typically provide cumulatively increasing error. Computer programming can recognize 
INS reset points and include the effects of these resets in their computations. Most 
inertial navigation systems are somewhat maneuver sensitive. If the navigation system 
characteristics are known, these effects may be programmed in as weighting functions 
in the extrapolation program. 

From the corrected navigation data the computer-automatic code reader combination 
automatically provide data for manually or automatically plotting the pilots trace for 
each mission. If desired, altitude, altitude and sensor scale may be used to plot 
coverage. Scale time and other annotations may be inserted on the coverage plot. Area 
plots of known or suspected installations may be prepared in a similar fashion. Use of an 
automatic code reader - general purpose computer with manual or semi-automatic input 
of image coordinates and manual input of installation identification codes provides 
facilities for developing the signals necessary to operate an automatic or manual plotter. 
Such situation displays might be stored graphically as described above or stored in 
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computer memory for updating and display as required. To avoid confusion unverified 
installations may be so annotated and displayed with a distinguishing color or 
symbology. 

Determination of scale factors to allow measurement of the size of ground objects 
small in comparison to the area covered by a single image is less complex than 
determination of geographic loccrion. On vertical imagery the height of the 
aircraft above the object and the lens focal length provide a nominal scale factor of 
sufficient accuracy. Except in areas of extreme terrain slope the radar altimeter 
reading and sensor identity, from the code block, provide the data to determine scale 
factor. Correction data to compensate for viewing angle must be applied to oblique 
or panoramic imagery. If the sensor attitude is substantially off horizontal, corrections 
must be introduced for the change in attitude. Manual or semi-automatic code reading 
techniques and the use of suitable nomograms or charts will provide reasonable 
capability for scale determination. Use of a programmable desk calculator with or 
without automatic code reading will decrease the effort required in these operations. 
Use of an automatic code reader on-line to a general purpose computer with manual or 
semi-automatic entry of film coordinates will provide still faster operation with Improved 
accuracy. 

It Is often desirable to determine the height of objects with respect to the ground 
plane. Three techniques are In common use. The first-use of stereo pairs—essentially 
utilizes triangulation of two images taken of the same object from different points of 
view. The second measures the shadow length cast when the sun angle is known. The 
third measures image size on oblique photography. In each of the throe cases, speed and 
accuracy will increase as the level of equipment sophistication is raised and as in the 
instance of shadow length would allow height determination in many cases where it would 
not be attempted otherwise. 

Intelligence agencies serving large organizations usually accumulate an extensive 
image data base. Automatic code reuders and general purpose computers with manual 
input canbe effectively used to assist in indexing this imagery. The techniques are 
similar to those described for plotting image coverage and situation displays except that 
the computer would be programmed to organize the index and desciiptors in a manner 
most useful for data retrieval. 

Both image and other intelligence data indexes may be merged in this fashion to 
provide convenient access to any portion of the data base in response to queries 
containing many combinations of descriptors. Usual procedure in preparation of a storage 
and retrieval index for a large data base would read pertinent code block data directly 
onto magnetic tape with interspersed interpreters entries. Processing, merging and 
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reorganization of the dota into the storage and retrieval system is provided by me 

computer from the magnetic tape input. 

In conclusion, the problem of the interpretation teem - visual analysis of 

tremendous masses of graphic information in ever decreasing time periods - is 
becoming more and more critical. Automatic pattern recognition techniques 
require substantial development before they provide real assistance. Improved work 
flow, better presentation and automation of time consigning peripheral tasks offer 

the promise of providing considerable relief. Inclusion of flight data on each frame 
of imagery is key to much of the improvement. Mll-STD-782 defines the flight data 
content and format for United States military aerial reconnaissance systems. Proper 
exploitation of this data allows substantial reduction in the effort and time required 
for the performance of many interpretation tasks. Facilities and techniques are 
available for exploitation of MIL-STD-782 data ranging from essentially manual to 

visually aided, semi-automotic, automatic to fully automated systems. 
• 

As increasing use of code block data is contemplated, use of an automatic code 

reader becomes increasingly desirdble. Visual presentation of code block data 
provides substantial improvement in interpreter orientation and the ability to locate 

imagery of specified areas. Combining the automatic code reader with a general 
purpose computer provides substantially increased capability in searching, determination 
of coverage, object location, size and height as well as correlation of imagery with 
reference and collateral information. The addition of suitable I/O equipment and 
automatir plotter allows automatic tracking of multi-sensor imagery, area coverage and 
situatioo plotting. The automatic code reader-computer combination also provides a 

powerful tool for data organization, storage and retrieval in both large and small 

installations. 

Selection of the proper combination of equipment and operating procedures is very 
much dependent upon predicted interpretation missions, allowdble reaction time, 
quantity of information desired per unit of imagery, cost and many similar items. The 

optimum utilization of the code block data depends on your requirements. 
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ICL-8TD-782EÍWP) 

data matrix coding 

E2Ï= SH:r M.;=s »•■s“ 
déclin»! value» tabulated below: 

DECIMAL 
VAWl- 

-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

INDEX ß4 £2 
¾IT 8 4 

o 
o 
o 
o 
o o 
0 0 
0 0 
o 0 
0 
0 o 
0 0 
0 0 
o 0 o 
o 0 o 
o 0 o 
o 0 o 

B2 01 
2 I 

0 
0 

0 
0 

a»*T PI2L 
lit value) 

o 
o 

o 
o 

NUMERIC VALUE 
OR MEANING 

Not U»ed 
Minus Sign 
Error 
Zero 
One 
Two 
Three 
Four 
Five 
Six 
Seven 
Eight 
Nine 
plu» Sign 
Special 
Divider 

NOTES: 

1. The Index n*rk 1» PJ*i*"^* . totaL count of dote acroee one colwn 
2. The parity bit le present to ®aui .. ., i-ritv check" to insure that the 
to be an even number. This provide» the odd jarity check 

f • Vi-1 Indicator to -Jor «roo* of -rto- 

“"sCtnoi“ IS r^«1^ .* (-t .l^fl-t) th™«. 01 d~t .1,. 

nlfleant). .. .r>t.fd for recording ie outside the 5 "Error" indicates the Information generated for recorain* 

l' “ *“*p“w' coded digit. The plus and alnus coae conrenviv. 

latitude: +North -South 

yrift: +A/C Rose Left of Ground Track 

Longitude: ♦last -West 

-A/C Nose Right of Ground Track 

toll: Right Wing Down -Right Wing Up Pitch: ♦Nose Up -Nose Down 

figure 4 

435-A 



CODE MATRIX BLOCKS 

[MIL-STD 782] »:«: Br- 
iHiIj 

H ::i ¡‘A1 
i.::: 

Ä • ! 
:. ii k‘ 
* H" } r î 
t::j LJ L..i 

(apandad 

Caaibiaad 
Oaaaalrlc 
Variatlaai 

tkawad Caalractad 

ACTUAL SIZE 

EXTREMES OF CODE BLOCK VARIATION 

FIGURE 5 

436 

.1 



MIL-STD-TSa^MP)

DENSITY AND DIMENSIONAL REQUIREMENTS 
FOR AN ISOLATED DOT

PEAK
DENSm

100- ■

90- ■

80>- 

g 70.. 

^ 60..

50..

40' •

30..

20. • 

10. •

■ 1 \ I _ L 3^0'V r •■IP

1r N; LliiE’T^igsatnwiriflakwiaaiiviaasiS'
AHb / O L_i\ rr ahiaarSaMBB;siiUaii liHiiusih.mvmmuwmmm

SS£i?i5S5 SmiSIKivam wi£!'n;- jmmmm'

1.5r
Ad ;ep ‘AH £□ AR A

5 3 10 1 3 5
DOT UIinH BB«)IREieBTS, ails

FIOURI 6

437



RESISTANCE RESEARCH AMD POUCE TECHHIQUES 

RECIPROCATE PUBLIC PEACE (Rr - PtStpZ) 

Colonel D. R. Dingeman and Major Ovid E. Roberts, III 
Military Police Agency 

US Army Combat Developments Command 

The pitfalls, swindles, traps, and deceits played by the Communist 
masters on the real life chess board of the world arena cannot go un¬ 
challenged. Their opponents are those sovereign nation-states whose 
aspiration is public peace. They are generally aware of the Communist 
strategy of replacing their government with a de facto one, but they 
either lack the forces or are beguiled into complacency, thus they do 
not accept the gambit to challenge the threat. Failure to accept the 
real life gambit by uprooting the insurgent at an early time in insur¬ 
gency is the trap which leads to inevitable and disastrous defeat or at 
least breach of the public peace. The gambit, if accepted, means social 
turbulence which accompanies vigorous police action. If not accepted, 
it means the loss of precious time which is rarely favorable to the 
sovereign state. The emerging nations often lack the forces and tech¬ 
niques with which to accept the challenge. The reasons for complacency 
are many and vary in proportion to the different cultural environments 
which determine types of governments. 

Public peace may be defined as the socius created by governments 
which secures individual freedoms, protects territorial boundaries, 
alines the people with government goals, and estiblishes a united faith 
between the people and their government. The negotiation of public 
peace for the de facto government is the biggest swindle of our times! 
It is based on cheat and deceit. 

The survival of a sovereign state relies upon the maintenance of 
law and order. Insurgent acts are criminal acts which threaten the 
public peace. Public peace inherently affords a social orderliness 
within which governments can induce change without violence. The 
police are the "front line" forces which secure public peace. Whether 
an insurgency is typified by covert or overt acts, the success of the 

‘police in maintaining public peace depends upon sound operational and 
organisational structure, enlightened enforcement techniques, and 
preparedness. Ultimately, public peace depends upon the prevention 
of insurgency through a proficient, people-oriented, police force. 



The "rising tide of estpectstio P ^rder through which 

: ludes not only material w®|1'Jeln*’1 lal order, or public peace, Is 
naterlal wealth can be realized. Thl aovernBent seeks association 

the aspiration of mankind through w nîLrstandlng. It is the 
with other nations through conmonâli y o overntnent of law whose aim 
bulwark of American freedoms created un * dl ig the basis for 

1, justice for all. The ^ ^““ested, it will follow, 
their assurance that once our assistance q 

« 41 < t-arv forces have been called to assist police of othe* 
Our military torces nave inninps tn developing a constab- 

nations. Assistance given ^he P Uppi the National poliC(, 

foice^of therwo0rld0ha8 stained fro. the divergence £ 

organizational and operational S organization 

Moat nations o£ the world have a ¿re 1. no 

foolprooVtemplate^for'Vollce 

sr-pzSiû^rrr —— 
fortes of other nation, often have a police role. 

j 4n rhlpf has said that our Army must be ready to 
Our Commander in Chief h ^ of lnBurgency. 

assist any sovereign state anywh ^ organize for the 
This requirement underlines 1 e ^ this’question, this Agency developed 
task? To attempt to answer P81^ "i J lonall and operationally, 

a police "model." It could part of the problem, 
a structure which might solve t g wa$ 0f existing 

Using the systems 8naly8J® ^obtain data m strengths, organizations, 
police forces of the worW to obt ^ accomplished by a search of 

responsibilities, and func • .ent to 158 cities in the United 
tJliterature. A questionnaire the „..le fune¬ 

stares to compare Per^enta*®® axillary services, operational support, 
tionai areas of administratio , were recelved. Six of these 

and patrol. One hundred and six epon 1 errors. B*sed on the 
„ere invalidated because of ort.anlrational and functional areas 
validated returned questionnaires, the org.«^^ of effort de. 

of each department were analyzed ratlos was „»de and a simplified 

voted to each area. An analy®*8 h be used t0 determine police 
police force "model" was constructeowhich can encouraglng to not. 

requirements and develop an organization. 
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that a similar model was derived by the Research Analysis Corporation. 

This Agency's model is shown below. 

MODEL POLICE ORGANIZATION NATIONAL LEVEL 

*As required. 
★★May be attached to director's 

of limited personnel. 

office when subsections are combined because 
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Further research projects which will assist the US Army in devising 

doctrine and techniques that can be mccessfully employed in securing 

public peace seem to present themsel/es. These are: 

a. Developing police organizations adaptable to specific 

cultural environments. 

b. Developing doctrine and principles for police and/or mili¬ 

tary or paramilitary forces acting in a police role. 

c. Developing police techniques which counter subversion, 

sabotage, and espionage within specific cultural environments. 

d. How to create a favorable police image which will enhance 

public peace in various types of cultural environments. 

The doctrine ultimately developed for our assistance to other 

nations will be principle-oriented, but it must also be flexible in 

application through techniques applicable to various cultural environ¬ 

ments. The questions of -- Where will we be called on to assist? - How 

will we assist? -- create the need for answers in the form of doctrine. 

Too often, the call for assistance has come when insurgency was deep 

rooted and reflected the result of inability of police to quell or con¬ 

tain disorder. What, then, can be done to develop the needed doctrine 

to assist the police of other nations in this struggle? The answer rests 

in part in operations research and systems analysis, some of which can 

benefit our own police efforts. 

The key to successful police efforts in securing public peace is 

crime prevention, since insurgent acts are usually criminal acts, if 

only under treason and sedition statutes. When crime is prevented by 

an efficient, even though unsophisticated, police force, insurgency re¬ 

quiring the comnitment of massive national resources and external support 

to extinguish cannot, or will not, occur. The determination that an in¬ 

surgency is taking place is usually made after-the-fact. 

The fear of giving the police greater powers to counter insurger», 

efforts, buttressed by inadequate supporting laws and regulations, often 

limits police capabilities. The police image of acting within the law is 

enhanced when they have the power to secure the public peace, and Insurgent 

propaganda is nonproductive when directed at the government for using 

strong countermeasures. The weakness of laws within which the police 

are forced to operate is advantageous to the insurgent. Such weaknesses 



:r„te opportunities to foment £or enforcement 

aitl„p thet occurred, end crime prevention can 
ere obvlous.ee sn'SU^ J ^ BOVeretgn state determine that crime 

prevent Insurgent acts, now reauired to prevent the Insurgency 

trend. Indícete ‘^“•‘'"»“ ‘ïïtenc" £ -„.»« to this question 

from '’“O“1"8 °eilve study under the aegis of the Department 

Äs» SttoÄ Htv«rth.lï... the prevention of crime can pre- 

vent the Insurgent from reaching his goal. 

Basically, a police crime prevention program must Include police 

proficiency in: 

a. Riot control. 

b. Physical or plant security. 

c. Criminal investigations. 

d. Police intelligence. 

, Basic police duties, t.e., patrolling checkpoint operations, 

apprehensions, searches and sel.ure., and communications. 

public apathy tonara cri« h f influence the support given to the 

trained or uneducated police o _rj_r -a a cart of public peace, the 

police. Yet, In maintaining law ‘"d “ ““f “„‘„ ‘. ^ er uhlch can deter- 

police force, of the morid prove Its capabilities may 

mine a nation a existent . minimal ahen compared to the 
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w. sr. also learning that to successfully «unter the Insurgent^ 
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order and respect in the eyes of its people. The aiú¡ of insurgent forces 
to discredit the government in being is broadly applied, but the police 
execution of law and order tasks, as an integral part of the public peace, 
stands in its way. Massive military campaigns eventually must be reduced 
to the concerted police action of apprehending or destroying insurgents, 
one by one. It is the attack or the infrastructure of the insurgency 
movement that will bring its downfall. In this, the police play an 
important part. It has been evident in Korea, Philippines, Malaya, and 
Iran that elimination of the infrastructure is essential to the defeat 
of the insurgency - coptrol of the center of the board! An understanding 
of the environment in which our police advice will be given will answer 
the question, how will we assist? 

Since insurgencies are often successful where a reliable police 
force is lacking, it is essential that more emphasis be gi/en to the 
development of sound police systems as the stabilizing force to prevent 
insurgent fires from starting, or to extinguish the sparks when they 
appear. To assist newly developed or emerging nations whose political 
structures govern (if not determine) the operational employment of their 
police and control the economic resources which affect their capability 
to create, restore, and maintain law and order, a thorough knowledge of 
police forces of the world likely to require our support is imperative. 
It is imperative to us from a political and economic point of view, and 
it is imperative to the recipient if our assistance is to be meaningful 
to him. We are hopeful that a compendium of this nature can be compiled. 

If our assistance in securing public peace of other nation-states 
is to be lasting, it will depend largely upon what we have done to 
help them maintain law and order. The expense of large military forces 
is a drain on all societies everywhere. 

Further research should be directed toward developing techniques 
which will make the police Job in internal defense operations more 
effective. Some of the areas where research should be directed are: 

a. Interrogation methods and possibilities. 

b. Counterterrorist methods and when best to commit them. 

c. Censorship mechanisms and plans, particularly for sudden 
needs to control mass media. 

d. Rationing and financial controls. 

« 
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e. x-ray type search devices to rapidly process masses of 

people and luggage. 

f. Nonlethal weapons for use in crowded situations. 

g. Effective roadblocks and barricades. 

h. Police morale. 

The recognition of police contributions to internal defense opera¬ 

tions is not new. In 1962, U. Alexis Johnson, in an article in the 

Foreign Service Journal entitled, "Internal Defense and the Foreign 

Servicestated that, "If a government is to survive tmu.e able 

to protect the lives and property of its people, its ^ritorial 

tegrity, and the sovereignty of the state. Economic and political 

development requires that the citirenry be free to realize their 

political and social aspirations and enhance their economic status in 

environment free from violence and unrest. An effective police force, 

trained in public service concepts and employing modern 
should be able to contain public disorders without excessive violence 

and aleo cope with conspiracy and subversion. 

Recently, the Communist Party leader in Russia, Leonid Jtezhnev, 

In • aoeech addressed to the East German Communist Party in East 
proposed a unity of action between Soviet and Chinese 
the^United States in Vietnam. They would ploy forces politically and 

militarily -- rooks to the center files! 

Operation, research devoted to c0“Pl«tely .^eÄq“*“^°n " 
How does a government secure public peace? — deals with a who 

panoply of problems, none of which are without the sphere of police 

Influence. The collective efforts of research agencies can lead us 

in overcoming those who would achieve their goals by the overthrow o 

peaceful governments through unlawful means. 
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RAC is currently engaged in a Medical Workloads Study sponsored 

by the Medical Service Agency (MSA) of the United States Army Combat 

Developments Command (USACDC). This is a part of the Medical Service 

Agency's overall research effort to determine the impact of future 

combat patient loads on the field medical system. We have Just completed 

the second phase of air study and are taking this opportunity to present 

the methodology, which we believe could have application to other studies. 

Specifically, I will briefly describe ttie structure and capabilities of 

the simulation developed as the primary research tool for investigating 

medical workloads from chemical and biological weapons. Planning for 

efficient organization and staffing of medical units to support combat 

troops in a theater of operations requires estimates of anticipated 

casualties. Estimates should include the numbers of killed and wounded 

in action, type of injury, severity, frequency of occurrence, and the 

impact of casualties on organization and treatment-time requirements of 

the MSA field installations. 

The primary objectives of this RAC study are to estimate the expected 

number and type of U.S. combat casualties that would require treatment by 
medical organizations in a theater of operations and to develop a computer 

simulation that will permit calculations of casualties by type from the 

effects of chemical, biological, improved fragmentation and nuclear weapons 

within stated tactical situations when one or more weapons systems are 

employed. Phase II of the objective, concerned with developing a computer 

simulation model and estimating medical workloads from CB weapons in the 

1967-1972 time frame, has Just been completed. Work vat recently begun 

to augment the simulation to estimate medical workloads from the effects 

of improved fragmentation weapons. The various submodels of the computer 

simulation also can be applied for purposes other than medical workloads 

estimates, and a detailed user manual has been prepared as Vol II so that 

other organizations can use this fairly sophisticated model with minimum 

effort. 

To interpret the output of the model in terms of the implication to 

the Medical Service Agency, and to avoid use of ambiguous terns such as 

"incapacitation" and "ineffectives", the medical workloads are estimated 

in terms of the number and types of casualties requiring professional 



medical treatment, and the time-phasing of the incidence and 
termination for the need of medical care. That is, each person in 
the target area under attack by CB agents is assessed and classified 
into a treatment category according to the dose he receives] then the 
periods of required treatment sire determined for those requiring more 
than outpatient care. Thus following an attack, each man is initially 
placed in one of the following four categories according to his simu¬ 
lated response frcm the dose he received: 

Category A: Those who are capable of continuing their military 
duties without any professional medical treatment, (however, 
assistance by the unit medical aid man, buddy-aid, or self-aid 

may be required). 

Category B: Those who require medical attention, either intermittent 
outpatient care or observation and treatment for a short period 
of time, (this treatment is followed by return to their 
immediate units). 

Category C: Those who require definitive treatment and continuous 
or intensive care, (tenure in this category also includes 
the time the patient might be held pending diagnosis and 
decision for his need for intensive or continuous care). 

Category D: Those who die before any medical treatment can be 
provided, i.e. the KIA's. 

Category E: Those who die despite medical treatment. 

In addition to these, a Category E was created for delayed disposition 
of patients who are initially classified as Category C, but having 
received a dose in the lethal range, eventually die. It should be 
emphasized that all of these categories are classes of treatment 
rsQuirements and are not intended to indicate that a certain type or 
TocatiôrTõf-field medical facility will necessarily provide the care 
attributed to that category. Other studies being conducted by the 
MSA are addressing the problem of the location of casualty treatment 
facilities and the flow of patients within the field medical system. 

These categories laid the foundation for a definitive formulation 
of medical workload. Thus ^cr the purposes of this study, the medical 
workload from chemical and biological casualties is defined to be: 

(1) the number of men in Category B and the percentage of initial 
target personnel this represents; 

(2) the number of men in Category C and the percentage of initial 
target personnel this represents; and 

(3) the time-phasing of the need for medical treatment for those in 
Category C. 
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During the feasibility stage of ^the/than developnent 
adaptation of an existing cempue tQ overall time limitation, 
of an entirely new "^L^red by the study, the study group 
In view of the CB cas^^ypHAR0S developed for the Operations Research 
chose a simulation calle > Onerations Research Incorporated 
Group (ORG) at Ed?wood, . It had the degree 
for evaluation and a^cXte analysis and was suitable to 
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adaptation for our purpose. Th ..„--i-xitv actually enlanced the 
development for four years ana “ end modifying existing 
adaptive process of PHgROS simulation has undergone 
ones. During the [mst ^^ÏÏTlts original size, 
extensive modification at different Intended purpose and 
One to these changes^and als ^ au@nl.ntea aimulatlon 

Ä Â/lTvoÎrîon^ion with the HM» model. 

MABAC is a Monte Carlo s!î"1^“oï0K54B^d7090/91* computers, 
cosrpllatlon and execution on ^,^^^1081=.1 and chemical 
It can simulate a variety , d are the nerve agents, of either 
agents. The ^ mstard (HD). PKARAC 1. a 
high or low volatility, model for CB weapons employment and has 
fairly comprehensive casualty m generation and selection, agent 
considerable flexibility n ^ ch0ice of agente Mathemati- 
de livery means 6T)aco-tíine model which considers the 
cally, it is a 4-dimensional space time m dent on the 
interaction of the agent t ttellan• e^reathlng-pattern 
munition and meteorolcglcal cmndltlMie^, control), and him 
hie tory (a function of activity turet). Thue, the doe. 
position relative to each »8«nt »ourc« 0{ tb, agent 

—" SSS rÄisn r 
medlcal'^treatnent requirement by use of probit analysis. 

Basically ^ ^^^^^Sa^ß^sp^if^d uî^ts using either 

sustained cornet. It is a thus repeated 
butions are used to deci betwe of results. There 

rs: -= 
(1) Targeting - vhich deflMs the tsrget nrea and fome a ee 

target elements representing soldie.s, 

(2) Delivery - vhich simulate, th. deliver, of CB agent to the 

target area; 



(3) Effects - which calculates the agent dose received hy each 
target element; and 

(4) Workload - which classifies each target element into one of 
the five medical treatment categories (A, B, C, D, or E), 
according to the dose received. 

Ifcia last section also determines the time-phasing of treatment 
required for those in Category C. The diagram shows the sequential 
flow of control through the 7 major subroutines. The double headed 
arrows indicate that control returns to the calling program. These will be 
discussed one at a time. 

The Executive Program is quite large but merely has the function 
of controlling the simulation logic and handling numerous housekeeping 
chores such as reading inpit data, printing much of the output, and 
calculating numerous variables used by tne various subroutines. 

The function of the Targeting section of the model is to provide 
a set of target elements, identified by their x,y-coordinates in the 
target area, which will be challenged by CB agents. A target element 
is a conceptual entity representing an individual soldier or a group 
of men. If the elements represent groups, all members of a group 
have identical characteristics since the simulation does not distinguish 
between constituents within a target element. Thus a target element 
might be a squad or a platoon, and all individuals within this group 
are assumed to receive tlie same dose of agent and respond in the same 
way. Por canvenier¿ce in the rest of the briefing, the term "man" will 
imp3y either a single soldier or a target element representing a group 
of soldiers. Tkrget elements may be either read in as data or generated 
by the program. To provide a means of generating the target element 
coordinates, the concept of a target area is used. A delimited target 
area is a rectangular or circular area which contains t&rg-t elements. 
The program can position elements, either uniformly or randomly, in up 
to 10 distinct target areas, and these areas may be of different sizes 
and located Independently of each other. This capability car be useful, 
for example, in evaluating the downwind effects on areas with varying 
target element densities. 

Li addition to the delimited target area Just described, the model 
will also simulate the aircraft delivery of a line of BW bomblets or 
aircraft spray dissemination against a target area which cannot be 
conveniently delimited. Such an area is termed an extended target area. 
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% using the crosswind distance over which the bomblets will be dropped 
and the maxinum downwind distance at which bomblets can produce casual¬ 
ties, the model in effect converts this problem into a delimited target 
area. The total number of men within a target area can either be 
specified or be computed on the basis of the size of the area and a 
specified troop density. The coordinates of the individual men are 
then located with either uniform spacing or obtained by sampling from 
a uniform random distribution. 

Delivery 

The function of the Delivery section of the model is to construct 
a set of U tables concerning the munitions employed against the target 
elements generated by the Targeting section. The four tables are: 

(1) the x,y-coordinates of each munition burst; 

(2) the time of burst of each munition relative to the first; 

(3) the height of burst of each munition; and 

(4) the amount of agent disseminated by each munition. 

The delivery model can produce these tables under a variety of input 
conditions. It can simulate the effects of target detection, aiming, 
and munition delivery errors. 

The subroutine simulates munition delivery by both aircraft and 
artillery. For aircraft delivery, the model can handle line of bomblets 
and spray dissemination, accomodating up to 30 aircraft. The general , 
approach for simulating spray delivery is to treat it as a special case 
of a line of bomblets, where the height of burst is equal to the air¬ 
craft altitude. Area bomblets, say from a missile, can also be simulated 
with up to 10 missiles, but all restricted to the same release height. 

For artillery delivery, the model can simulate 10 batteries each 
consisting of up to 10 tubes or rocket launchers, where all batteries 
axe assumed to have the same number of pieces as well as the same number 
of available rounds. It is further assumed that all pieces in a battery 
are fired simultaneously; however, each may fire as many rounds as 
desired and the total time to fire all rounds may be specified. If 
launchers are used, not all rockets need be fired in one ripple. 

The model can accommodate three standard firing patterns for tube 
artillery: (a) a linear sheaf, (b) a parallel sheaf (with lateral dis¬ 
placement if desired), and (c) a converged sheaf. These standard patterns 
detemine the intended aim points of the shells, and munition errors 
determine the actual impact points. * 
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Effects 

The Effects section of the model calculates and accumulates the dose 
or dosage of CB agent received by each target element from every munition. 
In addition to data describing agent effects, the munition, meteorological 
conditions, and other parameterc, this section utilizes data generated by 
the Hurgeting and Delivery sections. That is, it uses the X,Y-distances 
between each target element and munition, and the height of b’irst, agent 
fill, and time of detonation of each munition. Ihe effects of a muni¬ 
tion are divided by this section into the four general classes shown 
earlier: 

(1) Fragaentation - effects due to the exploding casing; 

(2) Splash - dose due to the nearly instantaneous splashing of 
the agent close to the impact point; 

(3) Mist - the dose due to droplets of agent that undergo gravi¬ 
tational settling from the agent cloud as it travels downwind 
and is deposited or impinged on the man; 

(4) Vapor - the dose due to vapor or aerosol of agent particles 
which are mnal1 enough to be inhaled and follow the airflow 
to the lungs. This aerosol-vapor cloud may present both an 
inhalation and percutaneous hazard. 

Of course, all munitions need not necessarily exhibit all four effects. 
It should also be mentioned that the fragmentation subroutine in the 
present model is a rudimentary model from FHAROS and, until further 
Improved, estimates only whether the man is a frag casualty. It does 
not assess this effect on the medical workload. The fragmentation 
weapons phase of thn study, on which we are now working, bears speci¬ 
fically on this aspect of the simulation. 

Time does not permit further discussion of each of these subroutines, 
but since a valuable feature of the model is a capability to include 
the effects of protective devices and defensive procedures, we will 
briefly discuss the use of the Effects section to represent these impor¬ 
tant factors affecting medical workload. 

It is assumed that a soldier is initially breathing at seme steady 
rate with a tidal volume selected by sampling from a probability dis¬ 
tribution of tidal volumes that correspond to various selected activity 
levels. Somewhere on the battlefield the enemy attacks with CB weapons. 
A "nonnesking" soldier is one who continues to breathe normally through¬ 
out the simulation, as if unaware of the attack or without a mask. 
However, a "making" soldier, after a time lapse, through either an 
alarm system or his own senses, is suddenly aware that he is in danger. 
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This time lapse, called the warning delay time, is an input vax.table 
which nay be used to simulate various alarm systems or communication 
chains. His reactior time, following receipt of a warning, delays 
his initiation of detensive procedures and is also an input variable. 
Next he gasps and houis his breath while attempting to don his mask. 
The volume of air inhaled during a gasp and his breathholding time 
are input parameters and may correspond to his previous activity level. 
The model permits him to continue gasping and bm thholding until fully 
masked. The total time required for masking may be sampled from a 
probability distribution and is usually related to his previous activity 
level. Once the man is masked, the effects of mask leakage may also 
be measured by a procedure that samples from an appropriate probability 
distribution, also usually related to his activity level. 

Now other protective measures can be represented as reliable data 
become available. For example, the influence on the medical workload 
of Immunization against BW diseases can be simulated by introducing 
dose-response curves for agent doses that can overwhelm the immunity 
attained. The influence of temperature and humidity on mustard-casualty 
workloads can be also shown. Also by shifting the medians and/or probit 
slopes of the dose-response curves, which separate the four treatment 
categories, one can examine the advantages (but probably not disadvantages) 
of new drugs that might be developed to neutralize the nerve agents. 
The effects of future antibiotics, used either prophylactically or 
therapeutically, can also be simulated by varying the sampling distri¬ 
butions of incubation times and/or treatment times required for the 
various BW agents. 

To determine the effects of passive defense on the medical workload, 
there are additional input parameters. Protective clothing, for example, 
is represented by a clothing penetration factor. Protection afforded 
by open foxholes is simulated by introducing fixed parameter values 
obtained frcm field test data. In addition, the effects on medical work¬ 
load firent protection afforded by covered foxholes, buildings, and vehicles 
can also be simulated by using applicable ventilation rates. It is 
believed that this covers substantially all of the pertinent defensive 
measures that can be quantified. 

Medical Workload 

The DOCTOR subroutine uses information from the Effects model, 
together with additional input data, to calculate the medical workload 
as previously defined. For each agent considered, dose-response curves 
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separating the treatment categories are required which represent the 
median dose and the probit slope for each category. In general, for 
any one agent, these dose-response curves result in overlapping regions 
for a given dose. Then each man is assigned to one of the categories 
by Monte Carlo sampling based on the amount of agent received. For 
each man who is assigned to Category C, a prediction is made as to 
when he enters and leaves the medical system. A CW casualty is assumed 
to enter the medical system in the first time period; whereas for a 
w casualty, the day ~f entrance is determined from the probability 
distribution of the incubation period. When a patient leaves the 
medical system depends on two factors: (a) the probability that the 
patient will die while in Category C (and subsequently be reassigned 
to Category E) and (b) the probability distribution of the length of 
treatment time until recovery or death. 

Outputs 

When the simulation has made the assignment of all target elements 
to the various treaünent categories, one replication has been completed. 

ing the replication, information from the Targeting, Delivery, Effects 
and Workload sections are printed out. In addition the DOCTOR subroutine' 
prints summary data at the end of each replication in the following 
format : ^ 

1) For each target element, the dose received under three separate 
assumptions: 

(a) masking with perfect mask fit; 

(b) masking with mask leakage; 

(c) nonmasking; 

2) The number and percentage of target elements in each categoiy: 

3 ) The number and percentage of target elements in Categoiy C 
during each time period followLng the attack. 

After executing a specified number of replications the simulation 
summarizes the information frem all replications and calculates con¬ 
fidence intervals on the percentage of target personnel placed in 
Categories A through D. This process ccmpletes the simulation of a 
scenario for a given set of parameters. 

This simulation has been employed rather extensively in an effort 
to examine the range of medical workload requirements resulting from 
enemy use of CB weapons. The results are classified and are repo.ted 
in RAC publication R-29, which discusses the model and the application 
of this model to a parametric analysis of 10 basic scenarios. It also 
presents input data and sample outputs and synthesizes the results to 
permit conclusions regarding medical workloads from CB weapons attacks. 
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abstract 

Application of cl.a.ic 
of an operations research problein in 8 'rh** annroach to the 
UH-1B/M22 Weapon System is 016 ^.8 ïj?a clewiydSined sUte- 
solution of the problein was a five- p p • , . construction of 
men* of the problem, namely. an ys ^ interdependencies of variables, 
an analytical model and consideration /41 tests and vérifi¬ 
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of command. 
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insarnr FC in examining the tactical optimization of the UH-1B/M2Z weapon 
ByüSS^ong «Ä ÄüB*. «»1 «•““« «' fleW «PTUpenUU»,. 

457 



"THE APPLICATION OF CLASSIC OPERATIONS RESEARCH TECHNIQUES 
FOR EXAMINING THE TACTICAL OPTIMIZATION OF THE 

UH-1B/M22 WEAPON SYSTEM1' 

R. W. FERRIS 
Manager, Field Operations Section 

Litton Scientific Support Laboratory/CDC EC 
Litton Systems, Inc., Data Systems Division 

P. O. Box 379, Fort Ord, California 

I. INTRODUCTION 

Recent developments in U. S. Army Aviation Tactics and Materiel has 
focused attention on the need for developing reliable measures of tactical 
efficiency, cost comparison, and projected 1970-1975 time-frame organi¬ 
sational philosophies for airborne weapon systems. Air mobile concepts 
recognize that inherent in any airborne weapon system, the tactical optimi¬ 
zation of that weapon system is a many-faceted, complex problem which can 
only be resolved by the application of scientific method and operations research 
techniques. 

For a number of years, the U. S. Army Combat Developments Command 
Experimentation Command, U8ACDCEC, has devoted considerable attention to 
the conduct of target acquisition and live-fire experimentation with the UH-1B/ 
M22 Helicopter Weapon System (previously the M22 Weapon System has been 
referred to as the SS-11 Weapon system—using the French-manufactured SS-11 
missile nomenclature as a descriptor for the weapon system). The UH-1B/ 
M22 Weapon System has been adopted for field use as an anti-tank weapon. 
And in this role, it affords much opportunity to analyze, in a pure sense, the 
interrelationship of air-to-ground weapons. Therefore, in treating and 
examining the tactical optimization of the UH-1B/M22 Weapon System, the 
empirical relationships between the variables of intertarget visibility, proba¬ 
bilities of detection, acquisition, hit and/or kill, arising from two-sided 
ground-to-air engagements can be of considerable value in postulating the 
outcome of two-sided engagement* with sophisticated weaponry—specifically, 
the weapons envisioned for the AAFS and Cobra high-speed helicopter family. 

IL A CLEARLY-DEFINED STATEMENT OF THE PROBLEM 

Within the scope of the U. S. Army Aircraft Survivability experiment 
series at USACDCEC die examination of airborne weapon concepts has focused 
on two related problems: 

1. The ability of an airborne weapon system to detect and acquire 
suitable ground targets. (And conversely, the vulnerability of the airborne 
weapon system to the ground weapon threat. ) 
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2. The operational hitAUl probability of an airborne weapon system 
as a function of the ground target threat and tactics. 

The above mentioned problem descriptions result in shortened definitions 
of the problem (useful in identifying the phase of the problem solution) and are 
referred to as: 

1. The Target Acquisition Probability Problem 

2. The Operational Hit/Kill Probability Problem 

Having defined the problem(s) (the first step in the operations research process), 
it is the purpose of this paper to present the step-by-step solution by applying 
the techniques of classic operations research. 

III. THE TARGET ACQUISITION PROBLEM-CONSTRUCTION OF THE 
ANALYTICAL MODEL 

It is necessary to define the parameters which are involved In airborne 
acquisition of a ground target, (for this treatment, consider a tank as the target, 
and an armed helicopter as the airborne platform). In any attempt to evaluate 
the total acquisition probability of an experimental trial, by integrating over 
all phases of the trial, it is desirable to analyze the functional dependencies 
of each of the parameters in the following manner (refer to Figure 1). 

a. Parameters involved in airborne (helicopter) acquisition of a 
ground target (tank): 

1) Atmospheric visibility conditions * 15 miles (constant). 

2) Ambient light intensity s 1.5 x 10*^ foot Lamberts 

3) SD - Visual spot detection acuity angle of a pilot (or observer) 
over a 5 degree field of view. 

4) rQ = Radial meatrire of uncertainty in reported position of target 

5) k » Contrat t of target with background 

6) R * Range from helicopter to spotted target 

7) t * Time that target is in view of helicopter 

8) S = Search plan (zone, area, route) 

9) F - Flight profile (contour, nap-of-the-earth, pop-up, dismoiwt) 
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10) A = Assault plan 

11) V = Procedure to vector the helicopter to the target 

12) C = Target composition, disposition, and readiness condition 

12) P * Target posture (static mov'ng) 

14) S? = Pilot/observer search procedures (constant) 

b. Dependencies between parameters: 

1) SD = SD(L, M, k) * 0.5 mil for target in bright daylight for 
target with 0.3-0.7 background contrast. 

460 



2) R ■ R (SD, ro, 8, M, F, A, V, C, P, SP) 

3) t * t (SD, ro, S, M, F, A, V, C, P, SP) 

4) S-S(SD, ro, M, C, P) 

5) F-F(SD, ro, M, V, C, P) 

6) A - A(ro, M, V, C, P) 

From analysis of the dependencies of the above listed parameters, 
it is possible to develop the parameters which can be varied Independently. 

c. Parameters capable of independent variation: 

1) ro 

2) k 

3) M 

4) V 

5) C 

6) P 

7) L and SP are constant 

Figure 1 ¿hows a helicopter at a distance Rq from the reported 
position of the tank target at tiie origin, 0 , toward which it is flying st 
altitude, h . The pilot scans the sector in front of him on each side of the 
center line of his aircraft, thereby searching a band of width 2w. The prob¬ 
ability of acquisition of a tank at Q depends on: 

* (l/ffro2) exp (-r2/r02) 

» probability per unit area that tank is 
at Q (where r0 is measure of uncertainty 
in reported position). 

= statistical terrain mask probability that 
there will be a line of sight from heli¬ 
copter to the tank at Q . 

* probability of detecting aud recognising the 
tank if a line of sight is available (where 
Sq is the slant range at which the target 
ie detected 50% of the time). 

1) Pq <r, r0) 

2) PM (R0,o,h,R,e) 

3) PD(S,S0) 

r 
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Then the probability of acquisition of a tank at Q per unit area la: 

4) PA » PQ(r,ro)PM(Ro,(fl,h,R,0)PD(S,8o) 

The variability of the Pm terrain masking probability function of five arguments 
can be extreme. A computerized terrain model derived from a contour map and 
surveys of vegetation would provide an acceptable approximation to the distribu¬ 
tion of results obtained in field observations. But great caution would have to be 
exercised in attempting to apply the statistical predictions of a computerized 
terrain model to some area Judged to be equivalent in an actual theatre oi war. 
If the enemy maxes use of the most advantageous cover the average statistics 
will predict acquisition over-pessimJstlcally. The enemy will always use the 
particulars of a situation so as to make the true acquisition probability bear 
little relation to gross average terrain statistics. 

In arriving at data-supported acquisition probabilities for a given flight 
path and .arget, field experimentation techniques are focused on examining 
the target acquisition probability for a given set of conditions as a function of 
terrain in which the ground target is located. For this purpose, there are 
generally only 7 terrain categories of Interest: 

1) Flat, open 

2) Flat, medium vegetation 

3) Rolling, open 

4) Rolling, medium vegetation 

5) Flat, dense vegetation 

6) Rolling, dense vegetation 

7) Jungle canopy, mountainous. 

Within each terrain category, an examination of target posture (speed, 
aspect, armament signature) as a function of acquisition probability Is possible. 
A logical matrix design which permits examination of the primary parameters of 
target acquisition probability as a function of terrain is outlined below: 
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Trial 
No. 

Terrain 
Type 

A/C Altitude A/C Speed Target Aspect Pilot/Observer 
Team 50 200 50 200 Moving Static 

1 Flat, open X X X A 

2 Flat, open X X X B 

3 Flat, open X X X C 

4 Flat, open X X X D 

5 Flat, open X X X D 

6 Flat, oren X X X C 

7 Flat, open X X X B 

8 Flat, open X X X A 

Thus, each primary parameter is introduced as a function of terrain. 
Obviously, other parameters can be examined by inserting additional columns. 
For example: 500' altitude, 0 speed (hover), 0. 5, 10 mph increments of 
target speed, etc. 

It becomes evident that this minimum number of 56 trials (8 trials x 7 
terrain types) is sufficient to develop gross target acquisition data using this 
matrix design. In order to attain a prede termined level of statistical confidence, 
additional replications would be required. 

Another feature of the matrix design is that it minimiaes the requirementa 
for pilot/observer player personnel. In the matrix presented here, a team of 
4 pilots and 4 observers : re considered adequate tor developing target acquisi¬ 
tion probabilities since no member of the team is subjected to an Identically 
repetitive trial. This design purposely reduces the influence of "learning. " 
From the reduced field acquisition data, survival probabilities for both the air 
and ground targets can be generated by means of an analytical model shown in 
Figures 2 and 3. Accumulations of air-to-ground target acquisition field data 
from the USACDCEC "data bank" are used to fill data gaps and reinforce the 
data base for specific sets of flight and target conditions. 

IV. THE OPERATIONAL HIT/KILL PROBABILITY PROBLEM - CONSTRUCTION 
OF THE ANALYTICAL MODEL 

Subsequent to developing a data base for generating target acquisition 
probabilities, It is necessary to develop compatible operational live Are hit/kill 
probabilities for the interacting targets. For the UH-1B/M22 Weapon System 
experimentation, f total of 387 missile firings, combined with extensive firings 
of the 105 tank main armament and the 50-caliber machinegun were deemed 
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Probability 
of Successful 

Assault 

Figure 2 FLOW OF DATA FOR DEVELOPING OPERATIONAL 
HIT PROBABILITIES 

statistically sufficient for establishing operational hit probabilities with a 
90 percent confidence level. The flow of data Into the analytical model 
(Figure 2) provided operational hit probabilities under conditions which per¬ 
mitted ipjeotion into the analytical model of Figure 3. By adjusting the live 
fire results for the terrains examined In the acquisition experimentation, a 
valid solution to the outcome of a two-sided air-to-ground engagement as a 
function of terrain was achieved. 

V. ACHIEVEMENT OF SOLUTIONS BY THE OPERATIONS RESEARCH 
PROCESS 

Thus, the second, third and fourth steps of the operations research 
process (construction of a model and consideration of the inter-dependen¬ 
cies of variables, derivation of hypotheses from analysis of the model, and 
tests of solutions to the model by field experimentation) were accomplished. 

The final step of the operations research procees - implementation of 
the solution - was effected by providing aircraft survival probabilities as a 
function of assault tactics and terrain to the Department of the Army (via the 
Combat Developments Command chain of command). 

k* 
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Figure 3 FLOW OF DATA FOR DEVELOPING PROBABILITY 
OF A SUCCESSFUL ASSAULT 



ON THE GENERATION OF ARMY AVIATION REQUIREMENTS 

IN A COUNTERINSURGENCY ENVIRONMENT 

By 

Mr. Anthony A. Colombo 
Planning Research Corporation 
Military Systems Division 

ABSTRACT 

This paper discusses a computer simulation and war game 
developed and manipulated by Planning Research Corporation under 
contract to the U.S, Army study groupt ARCSA II. Both the war 
game and the computer simulation have as their primary purpose 
the generation of data for the determination of aircraft require¬ 
ments in a counterinsurgency environment. 

Thi model, designed for the UNIVAC 1107 computer, may be 
described is an expected-value, time-sequential, event-type model. 
It is used to calculate the number of airborne systems that must 
be realizoo in a particular organizational/operational concept to 
satisfy the tasks associated with the functional areas of fire¬ 
power, maneuver, intelligence, command and control, and logistics. 
In the calculations, the model considers such factors as availa¬ 
bility, survivability, performance, and responsiveness. The war 
game is of the theater-level, seminar type. It is two-sided and 
open, with variable level of aggregation and time resolution. 

Ir the caper, the required inputs, internal logic, and out 
puts of both the model and the war game are covered. However, em¬ 
phasis is placed on describing the interrelationships between the 
model and the war game and the outputs derived from their 
manipulation. 
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I. INTRODUCTION 

This paper is addressed primarily to the exposition of a 
methodology to determine Army Aviation requirements in a counter¬ 
insurgency environment. The methodology was developed and subse¬ 
quently pursued by PRC under contract to the Department of the Army, 
It essentially comprises the exercise of both a mathematical/logicai 
model designed for manipulation on the UNIVAC 1107 computer and a 
seminar-type war game. In this paper, these elements are discussed 
only in the degree of detail required for a basic understanding on 
the part of the reader. For more detailed descriptions, reference 
in made to FRC R-940, DA Study: Aviation Requirements for the Com¬ 
bat Structure of the Army II (U). (ARCSA II), ANNEX F. 31 March 
1967 (Secret). 

II. COMPUTER SIMULATION 

A. General 

The basic mathematical/logicai model that underlies the com¬ 
puter simulation was initially developed in a previous PRC study ef¬ 
fort. The purpose of the model was to generate data on the relative 
effectiveness of various candidate organizational/operational con¬ 
cepts associated with the employment of tactical airborne systems 
in the firepower role. In the context of the former study effort, 
four measures of effectiveness were defined: availability, surviva¬ 
bility, performance, and timeliness. 

The main concern was to measure the capability of the vari¬ 
ous airborne systems called forth by a particular organizational/ 
operational concept,1 given a requirement to inflict damage and/or 
casualties on a target embedded in the tactical environment of in¬ 
terest. The capabilities that were measured included availability 
for the task, survivability in a combat environment, satisfactory 
performance of the mission (i.e., Inflicting a desired level of 

The concept defines the level of comnand, employment policy, and 
tactics and techniques that govern the behavior of the tactical 
systems. 
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damage and/or casualties), and re8Pon8lve"e8S- . Bí,cau®® Xse 
tual Interdependence and complex Interactions that ex ® 

factors, It became evident that It would be virtually lmP°88i^ ^ 
develop closed-form mathematical expressions to characterize t 

relationships. It was therefore necessary to resort to simulati 

techniques, which subsequently resulted in the generation of a model 

known as the Air Weepon Response Model (AWRM). 

The Mobility System Response Model (MSRM) , wnich is discussed 

in the following subsections, represents a second iteration In the 

AWRM's evolution.. The MS RM has achieved the capability to measure 

the relative effectiveness of concepts associated with theemply 

ment of airborne systems in the functional ^ ^istics, 

telligence, maneuver, and command and control, in addition to 

firepower. 

B. Model Characteristics 
.y 

The MSRM is an expected-value, time-sequential, event-type 

model. The events that are generated in the model are ordered in 

the time continuum, and the average outcome for each event is com 

puted as opposed to associating a range of outcomes with each event. 

The model is designed for manipulation on the UNIVAC ^07 

computer and is programmed for the most part in PQRTRANIVn a 

tion, the MSRM is of modular construction so that modifications 
changes can be made easily. 

C. Model Logic 

For an a priori defined set of tasks arising from a tac^cal 

situation the tasks are distributed in the time continuum and the 

model calculates the numbers of airborne systems that must be real¬ 
dad for a particular organizational/operational concept to ensure 

successful task accomplishment. In the calculations, the factors of 

availability, survivability, performance, and timeliness a« cons! - 

ered dynamically. Briefly, the logic employed in the simulation is 

as follows. 

Lat S equal the set of tasks to be accomplished, where 

«.y b. denoted .. S - (5,/1, 1, -, -( ■ For e.ch 5, , the mode, 

calculates the following variables: 

t4 - the time at which the aircraft must be assigned in or< er 

to accomplish St within a specified time 

ni - the number of aircraft required to satisfy the task St 
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■ the number of aircraft available to be assigned at t^ 

for the task 

The model then proceeds to order the set of tj according 

to a < relation, which results in a nondecreasing sequence. Consid- 

ering the earliest assignment time first and proce®dln8ft0.®^!®'th t 
sively larger valuer, the »edel calculate, the f 
must be added to the pool for the accomplishment of the various tasks. 

This value, , may be expressed as follows: 

!ii£ - N1 for nt > Nt 

0 ni ^ Ni 

The total pool size required, N , is expressed as 

N 

There are three distinct options with which the model c»n cal- 

culate the assignment times, ta . In the first option, H * ®" 
fined as the earliest time at wfilch tne aircraft can be assigned and 

still satisfy the time criteria associated with the various taska. 

The second option is the latest time at which the aircraft J**: 
signed. The third option determines that t¿ In the closed Interval 

Ctr , ttl , where tE and tL are the earliest and latest possible 

assignment times, respective!?, at which full advantage is taken of 

aircraft returning to the pool during the interval. 

The ni are determined by the accomplishment of the follow¬ 

ing steps: 

1. By means of a ta^e lookup, determine the number of 

airborne systems, A , required to accomplish a par¬ 

ticular task. (This value does not reflect any sur¬ 

vivability or abort rate considerations.) 

2. Modify A to reflect the probability of survival, 

P- In the destination area, where the area may be 

defined as a landing zone for troops or supplies or 

as the area within which a target is located. The 

modified value, B , is given as B - A/Ps . 
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Modify B to account for survivability of the air¬ 
craft enroute to the destination area. The result¬ 
ant value, C , is defined as C - B/fg , where 

is the probability of survival of the aircraft 
enroute to the destination. *s is calculated as a 
function of such variables as enemy weapon density 
over the area flown and the speed and altitude of 
the aircraft. 

Finally, modify C to reflect the probability of 
abort, > which yields D ; D - C/(1-Pa) • 

It is precisely the value D which Is defined to be n¿ . 
It should be noted that the number of aircraft that return to base 
and will be available for subsequent tasks after appropriate time 
delays Is computed in a manner similar to step 3 above. 

The Ni are calculated in a straightforward manner. Every 
task that arises during the course of the simulation has an associ¬ 
ated response criterion (the time within which the task must be uc¬ 
ee mpli shed) . In determining N, for a particular Sj , the model 
considers only those aircraft that are potentially able to be re¬ 
sponsive; l.e., according to the particular ti calculated, t e 
number of aircraft that will be available In the pool to be as¬ 
signed at time t^ . 

Finally, in this discussion of the model logic it is worth¬ 
while to point out some of the major differences between the AWRM 
and the MS RM (the first and second iterations of the model develop¬ 
ment). The primary difference exists in the application of the 
simulation to mobility an. logistics-oriented problems. To amplify, 
a movement of troops and/or supplies could involve a path composed 
of three node points: the base at which the transport afrcr«fJ ®re 
located, the point at which troops and/or supplies must be picked 
up and the landing zone to which the goods must be deliverer. (In 
addition, shuttling could occur between the latter two node points.) 
The MSRM has the capability to simulate these movements. 

Also relative to the shuttling between the loading and un¬ 
loading points, options were given for echelonment to occur with or 
without preserving tactical integrity. Finally, ttme 
be defined in the MSRM by setting the appropriate combination of times 
for a particular task--earliest or latest time of pickup at the load¬ 
ing point and earliest or latest time of arrive! at the landing zone. 
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D. Input Requirements 

Two basic categories of qualitative data are required for 

model manipulation. The first category comprises d*ta aJsoclHt^ 

with the operational characteristics of the tactical ai^°^n® y 
tem under consideration as the characteristics are embedded in an 
organizational/operational concept. The second category consists 

of data that define the various tasks to be performed ano tbe.r 

concomitant criteria with respect to timeliness and 
Since the war game constitutes the primary vehicie for the gener¬ 
ation of data in the latter category, those data will be discussed 

in the following section. The most significant data that are 

specified in the first category are discussed below. 

Coordination and Control Time: The time lapse between the 

initial request for a specific task to be accomplished and 

the assignment of the task to a set of aircraft at the base 

Alert Time: The time delay between the receipt of the re¬ 

quest at the base ano the completion of takeoff. 

Turnaround Time: The amount of time required for reprovi¬ 

sioning of aircraft upon return to base. 

Abort Recovery Time: Given an aircraft abort, tha time con 

sumed for repair. 

Performance Data: Speed/altitude combinations for task ac 

complishment; numbers of aircraft required for various de¬ 

fined tasks as a function of payload/range capabill y, 

weapon lethality and accuracy, and detection capability; 

vulnerability data, expressed in lethal ground range for 

various combinations of friendly aircraft and enemy air 

defense weapons. 

Threat Data: The density of the various enemy air defense 
weapons defined over prescribed areas. 

E. Model Output 

The primary output of the model is the number of airborne 

systems that must be realized for a given organizational/operational 

concept to ensure the accomplishment of a finite set of 
tasks arising from the environment. This value was described above as N . 

In addition, for each task performed during the course of 

the simulation, the following outputs axe specified: 
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o Number of aircraft assigned, 
o Number of aborts 
o Number of aircraft that return 
o Time l:he aircraft are assigned to the task, t^ 
o Time the aircraft return 
o Time the aborted aircraft recover 
o Amount of tlae the time of assignment was delayed 
o Maximum amount of time the assignment could have 

been delayed and the task s'ill accomplished in 
a responsible manner 

o Number of aircraft available to be assigned, N^ 
o Number of aircraft that have to be addec, ûn^ 
o Number of sorties accomplished 
o Time of delivery of troops, supplies, or ordnance 
o Number of hours flown 

Finally, various sunsnary statistics are generated: 

o The ratio of tasks actually performed to the total 
number of tasks required to be accomplished 

o Ratio of sorties performed to number of sorties 
required 

o Total numbers of flving hours consumed 
o Number of flight hours consumed per sortie 

F. Model Capabilities 

As the preceding discussion has demonstrated, the model is 
flexible in that it can be applied to a myriad of problems dealing 
with the determination of aviation requirements. This fact is further 
corroborated by the employment of various configurations of the model 
in several previous PRC study efforts. For detailed descriptions, 
the reader is referred to PRC R-789, Operational Analysis of the 
Advanced Aerial Fire Support System. ANNEX E (U). 24 January 1966 
(Secret Noforn^. and PRC R-907. Evaluation of Fleet Tactical Support 
Squadron and COD Aircraft (U). 30 August 1966 (Confidential). 

III. WAR GAME 

A. General 

There are three major factors that underly the approach to 
the development of the war game used in the ARCSA II study effort. 
First, the game's primary purpose is the generation of a data base 
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fr» which th. «lorlt,^ th^input^r.juire^io^.h. 

MÍl,ÍÍgfUÍrcoÍcíÍslohB, with minime «nalytl. required. Henc^th« 
î not concerned ilth meking det.lled -»e.-en . ^t ^of 

casualties inflicted on both Red I" ZclX.- 
vent tonal gaming pursuits; gather it Y ^ second 

ï-or.«ti*Â:ic:n.Â^Â-i. £ u.« 
" *-;lrSîruiit^rrrr^u, 

taklt^plece h7gie dev,Îo ér».t he flexible to reflect both 
£ «Änd reactions of the combatants. To ensure ^ er- 

IbiUty, the game ¿hat b°A R^d «.d «lue 

“ííCh “Îî«riy üv « . «irü« ™.«:i«: ..»oci-ted with the 
Sí dv'effô« ïhe ñroLbillty of successful consu,«nation of the war 
study effor , ^ « i *_ a seminar-type game maximizes game effort becomes critical. Again, a seminar type r 

this probability. 

B. Game Description 

The game developed and subsequently manipulated by PRC for 
ev, ARfSA II study effort may be described as a theater-level, 

following concomitant propertl.st two- 

sided, manual, free, and open. 

Both the level of aggregation associated with ^ 

hat units.nd ‘‘“"«rfíSd^ccíXrro 

:rUh"d fo^flûeneas of data def l-by^ 

computer simulation. Typ';c<'11''' '''?1“”'“j<'batteõ"levelB, raspee- 
lery units were aggregate a In the detailed input prep- 
tlvely; the time r*8olutl°" /¿elow) variou8 tactical events 
aration phase of the g** ;uy „p*ctally relative 
had to be set in time during the course ot play, especx 7 
tõ the scheduling of moves, In order to achieve compatibility v.th 
the computer simulation input requirements. 

C. Game Structure and Logic 

The logic of the game is composed of the fJ^t 
steps: game preparation, initial seminar session, 
preparation, analyses, end final ,L c^- 
tlcipants in these steps are the Blue and Rea reams « 

trol personnel. 
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1. Game Preparation 

In the first step, using a scenario as a point of 
departure, initial conditions are set that primarily involve the 
generation of the following data: 

Blue Force Structure 

o Physical location of Blue units 
o Command relationships 
o Levels of supply at various node points in the 

LOG system 
o Logistic support complex 
o Operational states of the various units--search 

and destroy, base security, LOG security, re¬ 
serve, and support of ARVN and/or Third-country 
forces 

Locale Description 

o Weather 
o Terrain 
o LOG network--roads and airfields (Iccation, ca¬ 

pacity, and state of usefulness) 

Enemy Situation 

o Location 
o Concept of operations 
o Pattern of past events 
o Threat potential 

2. Initial Seminar Session 

In the next phase of the game, five major activities 
are undertaken. First, the spectrum of tactical actions to be con¬ 
sidered is defined relative to an a priori defined set of game ob¬ 
jectives to ensure the collection of data that will satisfy the input 
requirements of the coaputer simulation. Second, considering the 
range of actions prescribed, initial tactical events are set forth 
by Control personnel. Third, detailed tactical plans are generated 
on the part of the Blue team. Fourth, after suitable cUscussion of 
the possible Blue/Red Interactions, a summary of the significant tac¬ 
tical events is developed which embeds the events in the space-time 
continuum. Finally, the results derived from the sessio i are re¬ 
viewed and evaluated with a view to analytical sufficiency. 

6 
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3. Detailed Input Preparation 

à 

This phase is addressed primarily to the preparation 
of precise inputs for the computer analyses in suitable formats for 
keypunching. 

4. Analyses 

In this phase, the computer simulation is manipu¬ 
lated to the maximum extent possible. The results derived from 
these analyses serve as the major input to the final seminar session. 

5. Final Seminar Session 

The results obtained from the previous activiiv are 
reviewed by all participants in the game, and, if necessary, an iter¬ 
ation is made through the appropriate segments of the previous three 
phases of the game. 

D. Game Output 

The outputs of the game, which provide the major input to 
the computer simulation, are addressed in terms of realistic re¬ 
quirements for aviation elements and the quantification of these 
requirements In space and time. PRC's participation in the ARCSA 
II study effort was oriented to the determination of Army Aviation 
requirements in the maneuver and logistics functional areas. 
Therefore, the tactical moves of combat and/or support elements 
are defined in terms of the following variables: 

o Units or amount of supplies to be moved 
o Distances to be traversed 
o Move logic (single or multiple lifts) 
o Time of earliest pickup at the loading point 
o Time of latest pickup at the loading point 
o Time of earliest arrival at the unloading tone 
o Time of latest arrival at the unloading rone 

These variables represent most of the data that derive from 
the game exercise for eventual manipulation in the computer simula¬ 
tion. In addition, the following types of data were generated for 
various side analyses and use as a game record. 

o Intensity of combat engagements between Red and 
Blue as a function of sire and duration 

o Operational status of Blue units over time 
o Location of Red and Blue units over time 
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IV. DESIGN AND EXPERIMENT 

In the environment of the ARCSA II study group, PRC's par¬ 
ticipation was mainly directed to the determination of preferred 
organizational/operational concepts relative to the functional 
combat areas of maneuver nd logistics. 

Utilizing the seminar gaming technique described above, two 
games were played. Each game was composed of two excursions; one 
excursion represented an ambient level of activity as a function of 
Blue/Red interaction, and the other represented an intense level of 
activity. The two games differed in the tactical area of interest, 
with one game addressed to the I FFORV area of responsibility and 
the »..her to the II FFCRV. An average of approximately 20 days was 
played for each excursion. Tactical requirements were generated for 
each excursion and embedded in the space-time continuum. These re¬ 
quirements provided the main input for the simulation activity. 

Next, a design was developed to determine, for each excur¬ 
sion, the type and number of computer runs to be accomplished in 
the simulation activity. The design provided for the comparison 
of three separate and distinct organizational/operational concepts 
for the employment of Army Aviation elements in the accomplishment 
of the tasks derived from each of the game excursions. The main 
differences among these concepts depended largely on the reliance 
placed on the utilization of either the UH-1D or the CH-47C air¬ 
craft for the transport of maneuver elements, artillery, and sup¬ 
plies. In addition, various parametric runs were performed to 
measure the sensitivity of the results to changes in some of the 
basic data relating to system performance and task criteria. 

For each concept and excursion match, the simulation yielded 
the numbers of UH-1D and CH-47C aircraft required in the mix to sat¬ 
isfy various tactical requirements, considering the factors of avail¬ 
ability, performance, and timeliness. Survivability and abort fac- 
tois were not considered; the probabilities of survival and no abort 
were set equal to one in order to preserve integer aircraft definition. 

Based on analyses of the simulation output, the habitual re¬ 
quirements for Army Aviation units to be realized for each concept 
were determined. Relationships were then established wherein for 
each game the percent of time the tasks were accomplished was plotted 
against incremental changes relative to the habitual requirements. 

a 
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V. SUMMARY 

PRC » participation in the ARCS* It study effort ‘■‘"'»i»”'* 

of the application of both a seminar-type war game and a computer 
« Jí at?0 ™e war aame exerci, e evolved from the analysis of a 

counterinsurgency e„v?ro™ent ana is therefore - “ 
environment. However, the simulition model is not siml Y 
strained and can be applied to a wide range of problems relati 
to the determination of aviation requirements, encompassing a.1 
tie mUitaTservlce. and in more sophisticated tactical environments. 

The role of the war game was only to p-ovide a data base rel¬ 

ative to the input requirements of the simulation activity especially 
tn the description of tactical requirements for Army Aviation ee- 

ments By means o^ the simulation, the model then ^ 
inputs in a logical and systematic way, representing the 1 
teractions associated with the rarious organizational/^perational 
teracti ,.,4 a viev to the effectivenecs measures of 

«MlUbîlîty performance, and Umeliness. The result was the gén¬ 

ération of the number of tactic.,1 airborne systems required to be 
realiEed°for each concept to ensure the successful accomplishment 

of the tactical requirements. 
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SïMiAE i Its Application to Forecasting Aircraft 
Replacement Requirements 

Mr. Martin Brossman 
Dr. Joel Morris 

Research Anrlysis Corporation 
McLean, Virginia 

ABSTRACT 

SYMiAR (Statens for Forecasting Materiel Wartin» Attrition 
& Replacement Requirements) is an AMC-sponsored effort designed 
to develop nethodologies for forecasting wartime replacement re¬ 
quirements: for all major items - ranging from aircraft an! tanks 
to rifles and radios; under all conditions of warfare and theaters 
of operation; for current and future time frames. Historical, 
operational, and war game data are utilized in the methodologies 
to derive loss rates by item and forecast replacement requirements 
in mission oriented terms. Special techniques have been developed 
to forecast aircraft replacement requirements. The paper describes 
the data bases and the forecasting systems. 

* 
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SYWAR & Its Application to Forecasting Aircraft 

Replacement Requirements 

Mr. Martin W. Brossnan & Dr. Joel Morris 

Research Analysis Corporation 

McLean, Virginia 

Cognizant Agency,Army Materiel Command 

INTROJUCTION 
This paper sumnerizes SYMWAR which means "Systems for Forecasting 

teteriel Wartime Attrition & Replacement Requirements." The study area is 

devoted to development of methodologies and the requisite data bases for 

forecasting loss and replacement requirements for all major items ranging 

from aircraft and tsuiK.3 to rifles and radios - under all conditions of war¬ 

fare, time frames, and theaters. Losses and replacement requirements in¬ 

curred from the CONUS shore up to and including the direct combat zone are 

accounted for. ' 
SYWAR has been a continuing project sponsored by the Army Materiel 

Command and has expanded in both sponsorship and scope. It currently in¬ 

cludes both the development of wartime replacement requirements methodologies 

and technical support for developing and analyzing a daca base for loss and 

expenditure of items and ammunition in Vietnam. 
Part 1 of this paper describes the general SYMiAR methodology and Part ? 

discusses its special application to forecasting Army aircraft replacement 

requirements. 

PART 1 GENERAL SYWAR METHODOLOGY 
The method currently employed by the Army to íorecast PEMA wartime re¬ 

placement requirements in support of annual procurement objectives Involves 

application of replacement factors developed from World War II and Korean 

experience. These factors have been criticized as being based on obsolete 

data with no assurance that they are still valid under changing technology 

and tactics. In view of this difficulty and the large monetary implications 

of wartime IEMA replacement requirements, RAC was requested to undertake the 

development of a new methodology utilizing simulation techniques to the maxi¬ 

mum extent practical. 
The effort has been described as one of the most difficult tasks ever 

undertaken by ORO-RAC. This statement is founded on: the lack of precedent 

for a research approach to a problem of this magnitude; the iimensity o* the 

scope of the undertaking in items, theaters, and types of warfare; ^he need 

to adapt and develop war games to an entirely new application of quantitat- 

rather qualitative requirements; and tie simultaneous requirement to develop 

a new data base together with a sonhxsticated computer system - adaptable, 

to the maximum extent practical, to Amy capibilities and its plans and 

8 Methodology Characteristics. The methodoW is d-signed to be ••usitiye 

to and compatible with changíni^Anny scenarios and lorce structures, 

ie signed and documented in a manner in which its logic, assuaçtiona, anddata 
cases can be scrutinized end its dependence on 
ind be responsive to new technology and tactics through the effective use of 

var Karnes and simulations. .«-v. 
APPLICATION CP THE M3TH0D0L0GY TO CONVENTIONAL WAR f 

Pur first methodological development was directed at fortoMtingre 
quirt merits for conventional war in Western Europe in the 1970 ti» frame. 

* ” order to provide a new capability as rapidly «jossib1*-within 

rigid constraints of time, cost and manpower - the methodology!sde gne 

to8capitalize on operational experience in addition to the wide range 



var games, simulations and research studies currently 
development by the military services. Our approach in ^ries, 
dology was to break the wartime losses into separately defined 1 8 K 
select 22 representative items, analyze the causes of losses, an selected - 
system to forecast losses under each category by Item. =a‘^e=0“es of 
which are also represented as the system's loss models - 
eouipment In use, non combat looses of equlpuent In use, losses In depot, . rage, 
losses In Intratheater movement end losses In tntertheatermoveme l0^nt 

Figure 1 illustrates the items selected for initial analysis and 

°f ^ThS^KfetSdology. Figure 2 schematically illstrates the new methodology. 
The methodology consists of a computerized system and its associated loss-ra 
tables - together with well-defined procedures fMT^Î^f/^re'and 
tables and adapting the computerised system to a wide rat g ^ scenari0 or 
theater conditions. The computerized system app tables for each item 
theater plan through the five loss models against loss-rate tables jor eacn 
end produces a tiTphased forecast of ^ 
wartime scenario or theater plan and loss-rate tables are delinea 
appropriate missions and deployed units applicable to the theater ana typ 

T^snt of the loss-rate tables contained in the data bank has been a 
. afeffort These loss-rate tables reflect the percentage loss key methodological errorx. mese xubd , Picure 3 illustrates 
foï each Item by mission io^ratXbles for con- 
the data sources currently utilized to establish ^ logs and 

r^^s^ïno^flosses of equipment In ¿peratlon, while the 
rp«rÍ«dlnrrthcatcr^lSoríC^o^o^s^BS^^nd¿hlpplng 

CÄlfsefor^. o^t models ^^tToÄls 

r îoî - ™ loM^ríhe 
ross^te^Ls^Ílect susceptibility to loss In storage and In movement under 

8 Teurer c^'r^ítr^ 
for each of °br selected Items in «^^Ing ltett( c0„8l3ts 
rate tables. This loss analysis paoKage , slB 0{ hou we loM) 

°f: atPhandg^hld^e S’ wef™i »d cosibat loss; the nusmrlcal basis for compute and valioate xne wearuuv of * correction factor which 
computation and the^data ^ ^rability of personnel and equip- 

œnt we battlefield; and reco-endatlonsJor^rovMSjrt l0 
Documentation of this type provldeSdthe^prlma^ basis for ^ 

objective - to provide a g narpot of the research effort: 
replacement requirements. ^**™£*i f 3iinillr loss-rate tables for other 
provides the guidelines for de +he capability under new conditions 

required to develop 

quirements under conventional war for future time inu* 

inputs to generation of tS^tirgENCY IN THE CURRENT TIME FRAME APFLKATIOh OF THE METHODOLOGY TO CODHTEMSWGENCY IN THb^ ^ ^ efforts 

Base and ^^^“^^^lorship of AMO which Involves 

iLToTgrt0! "t/ng system for loss and replacement requémente 
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for PD* Item* and a project for CK which Involve» V^tnam. 
development oía data base for Item and ammunition loas ““J Vietnam 

mrwffrvr+ is termed COLED-V - Combat Loss & Expenditure Data - Vietnam. 
“• °Se#o^« oTS. COLED-V »tody la to eaUhU.h a data -d^-tion 
baae on Item lo.a and m^unition losa and «««^tnr« - In^a 
forecasting purposes. COLEDW represents tli ± confiiCt 
by the Anny to coUect data in a wartime environment - of use in this con 

irrâ 
pi“ î!%îî í^l^nt of the COLED-V data coUection plan and was selected 
assisted in th® de P®® ulan's implementation. 

COLED-V study group. Data from, item loss ana ammu. ., reports, 
tu« «porta, intelligence a^-rlea altuaUonreporte, ope^o- report^ 
etc. 1. being acqul«d and anaced In^a^W Room t«ttUPater ^ assirt ^ 

itytoperations; provided to the Army in^a 

dir^cf^t^rih^de-Tlo^nt of the S?WAR forecasting system for counter- 

insurgency^peratiionSates the complete countÄrln8urgency forecasting system 

is aa fundamental and c^tinning aawar 0f warfa« 
to Improve, adapt and expand the SÏMJAH capability a y ^ ^ 

“SrCrinTaU^.".^«^ ^-SrS^af pTrii- 

ES-W! rret^r 
“="t08 ÏÂ ^jiríiti^cuÜ.'^lSpdr injure a continuing 

" - to 
insure a continual feed back and improvement of the SYMWAR capability. 

GENERAL APPLICATION OF SWAP a forecast of wartime mstcriel 
Although the system is designed toJpoYMB * lore Qther 

replacement reduirements for procurement PfP08*7 
planning and operational^PPUcations^sj evalufttion of contingency plans. 

i’ Z '¿ZI schedule., force levels, threats, 
and concepta Xe«ÚÍÍ derlei ^..e»-« explorod and planing 

tables established under ® J*0®® ° development - which includes a capa- 
c. Extensions of the current tine-phased 

fnr fore casting combat personnel casualties - couxa pruu-u 

r» ScTroLtive to 

atoc^lirÄÄÄ“^ - — — 
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in such decisions. Planning tables can be developed for various threat 
levels, theaters, and types of operations. These tables can provide a basis 
for supply requirements in the early stages of a war - before operational 
experience is available. At the same time the system's loss-rate tables 
can provide a guide for data collection during a conflict, and results can 
be fed back into +he system to improve its operational predictive capa¬ 
bilities - one such immediate application is the current operation in South¬ 
east Asia, 
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PART 2 - FORECASTING REPIACEMENT REQUIREMENTS FOR AIRCRAFT 
Ttiis section of the paper is devoted to a discussion of our work in 

analysis and prediction of aircraft attrition. Aircraft have received a 
special emphasis in the SYWAR development both due to their high cost 
and the specialized problems in forecasting their requirements. Unlike 
many items of Army equipment whose operational loss can be related rather 
directly to the ground missions being performed - the operational loss of 
aircraft is a function of both the air missions performed .vnd ground missi 
supported. In addition, a requirement exists to express aircraft losses in 
a variety of other ways including: relationship to sorties and flying hours. 
DEVELOPMENT OF LOSS RATE TABLES 

Development of loss rate tables as in the case of other items of equip 
ment is a major part of the SYMWAR effort, -gain a loss analysis procedure 
is utilized to establish the less rate tables. Figure 10illustrates ihe 
loss analysis for aircraft due to combat and non combat causes. Loss causes 
include: direct enemy fire, indirect fire from bombing and strafing on 
the ground and mechanical failure over enemy territory. Losses due to acci 
dents and wearout are also considered. 

COMBAT LOSSES 
Direct Fire from enemy air and ground fire .., 
Indirect Fire from enemy artillery, missiles, bombing or strafing 

against eircraft on ground 
Mechanical Failure and abandoned in enemy territory 
Accidents in enemy territory followed by abandonment 

NON COMBAT LOSSES 
Accident in~friendly territory 
Normal Wearout 

Figure 1<>-Computational Factors for Aircraft Losses 

For applications in future tin* freses - reflecting new technology 
and tactics - direct fire loss data is drawn from such war games as BAC s 

if'uiavailatle from war ga^s or not -fficl«t or u^ful 
for the application - SYMWAR relies both on operational data and aircraft 
™L.«hiïitv data Flying hours and missions are obtained from war games, 

£îa oftSe scenario. This data is analyted to provide various type 
aircraft mission profiles. Using loss data and 1,11 wraL or 

SsSTCTCWData Base* and the Cornell PACE and RANI) aircraft studies among others, 
“““states the computational procedure for ^ermi"lng non oomhat 

UggBAAR foíworld-wld^and^theater^on^oróat^osèes0!(^compared with t^l. 

rZat ïo^slo'derlve a wartism 
plied by the peacetime non combat loss rate for a theater under stuoy 
a wartime non combat loss rote for the particular theater. 

(Wartime Accelerator) X (Peacetime Theater Rate) - Wartime Rate 

* Wartime Rate 
Wartime Accelerator = peacetime Rate 

Figure II- Procedure for Non Combat Losses 

492 



4 

Figure 12 illustrates S WAR's loss analysis for combat and non combat 

losses. The data developed from war games, simulations, operational exper¬ 

ience etc. is reduced to this format. This analysis is then used to develop 

the loss rate table utilized by the SWAP forecasting system. 

AIRCRAFT COMBAT LOBS 

Computational Elements 

(# a/c Lost, I Hrs. Flown) 

(# A/C Lost, # Hrs. on Ground) 

(Mech. Fail. Rate, Hrs. Over 

Enemy Territory) 

(Accident Rate, # Hrs. or Sorties) 

Causes of Loss 

Direct Fire_ 

(Air or Ground Fire) 

Indirect Fire_ 

(Bombing, Strafing, Attacks) 

Mechanical Failure_ 

'(Abandoned in Enemy Territory) 

Accidents_ 

(Abandoned in Enemy Territory) 

Total Conu-'at Loss 

Cause of Loss 

Accidents 

Wearout 

AIRCRAFT NON COMBAT LOSS 
ConputationalEtement^ 

(Accident Rate, | Sorties or Hrs.) 

from 

Total Non Combat Loss 
Figure 12 Aircraft Loss Rate Conponer.ts 

IMPROVEMENT OF FORECASTS 
We have utilized results from, and engaged in war games ranging 

specialized ganes to evaluate a particular question of aircraft capability 

to generalized war games designed to evaluate a new organization of the ground 

combat forces. In all cases the applicability of the game to the problem of 

aircraft losses must be carefully investigated. Rarely have the games utilized, 

for example, been designed primarily to develop aircraft losses ^ have they 

fully played the interaction of losses and tactics. Accordingly the results 

must be carefully utilized, and improvements in the games and analysis developed. 

We are currently focusing on three specific areas for improvement of our 

aircraft forecasting capability: 

1. Improvement of war games. 

2. Development of side by side analysis. 
3. Development of means of reflecting by analytical means the effects 

of military effectiveness and tolerable limits of loss into the 

results of war ganes and eventually into the procedures of play. 
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ASGA Operation»! Conçut Jormi.Ution 
AMljrtlcal Development of lapaçt of Scleiy.»^Jtchnolo^ 

(Po«t-1980) 

Charles J. Davis 
Office, Operations Research 

Office, Under Secretary of the Army 

Background. On 6 December 1966, the Quardrlpartlte Working Group on 
Army Operational Research, at the request of the Washington Standardization 
Officers, outlined terms of reference and specific guidelines to be used 
by a Quadripartite Working Party on Impact of Science and Technology 
(QWP/IST). The goal of this four-country group was to produce » supported 
forecast of future operational capabilities as derived from an analysis 
of expected trends In contributory scientific and technological effort. 

Objectives. The broad goal which our group was given was further 
partitioned Into two specific objectives: 

• Estimate expected improvement in equipment system 
performance due to expected technological advances. 

- Describe potential effects of these expected tech¬ 
nological advances on military combat operations. 

, <k- 

Problem Structure. Faced with the rather extensive and cornelexit ask 
that was implied by the goal and the two objectives, the Chairman of this 
Working Party sat down and developed an orderly approach to the pfoslcm 
which we shall call Problem Structure. At Chart 1 (Slide 1 on) you v;ill 
sec what we can to call an ordered array for use by the QWP/IST. 1 have 
had to compress the actual chart in order that I could display It using 
this equipment, bti the essential elements are present and the rationale 
leading up to this order was as follows: 

It did appear that all combat actions from a technical and scientific 
point of view consisted of four fundamental cybernetic-like functions. 
These we chose to call the sensing function, the decision function, the 
action function, and the sustaining function*-'These are the Items that 
you see along the top of the chart. The subitems under each of these 
Tunctlons are those classes of military operational activity, generally 
cast in known military terms, which we felt formed the significant parts 
of each of the fundamental functions. For example, under sensing, one 
includes reconnaissance, surveillance^and target acquisition. The 
elements of the decision function are Information processing, analysis, 
display, transfer, and assessment. Under action, one includes maneuver 
and delivery of fire or other effect. Finally, under sustaining, one 
finds combat support, logistics, protection and survival, and personnel 
training, replacement and human factors. So much for the columns of the 
array. 
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We next had to come to some agreement as to how we were going to 
classify expected operations. Rather than do a "blue sky" Job, we felt 
that while operations in the 1980-1990 time frame might not still be 
called by such names as armored, Infantry, air defense, etc., that in 
all probability these types of operations might well still be taking 
place. Therefore, we took all military battlefield operations and 
grouped them into the five operations found on the left side of the 
array. Namely, armored, infantry, air defense, air mobile, and support 
weapons system. Under each of these, we then introduced the most typical 
tasks that take place within the operation such as tank vs. tank, tank 
vs. antitank, etc., in the armored case; individual weapons vs. personnel; 
crew-served weapons vs. personnel and hard targets, etc. 

The object then was to gather data and analyze it in such a fashion 
that we could create for each element in this array some evidence as to 
what we expected science and technology to contribute to each of the 
operations that we had specified: out in the 1980-1990 time frame. 
(Slide 1 off.) 

Analytical Methods. Given the array that I have just shown you, 
I want to describe next the analytical approach that each country, more 
or less, used. It ran as follows and we can refer to Chart II (Slide 2 
on). We decided that since the effectiveness of an operational unit in 
combat was some kind of a complex function of the men and systems which 
make up that unit, that in order to get out a really valid forecast of 
what impact science and technology was going to have on future military 
operations, we would have to first Identify the detailed scientific and 
technical parameters which go into or contribute to performance of 

* individual items of equipment and/or the larger systems which these items 
of iquipment consist of. Hence, our rationale and mo^e or less sequen- 
tiai analytical approach was as shown on the chart. 

First, identify the major effectiveness paraseters, in the 
scientific and technological sense, that pertained to each of the 
functions and subfunctions that you saw on the array. As a matter of 
convenience, as well as order, we also attempted to differentiate 
between the kinds of technical and scientific parameters and equipment 
that apply to each of the five types of operations which we listed 
down at the left side of our array. 

Second, having identified effectiveness parameters, and 
incidentally having identified some of the past trends in Improvement 
in these parameters, and made a forecast through polling experts or 
studying recent forecasts of record, we then went on to identify the 
major performance parameters, and here there is a difference which most 
of your surely recognize. A scientific and technological parameter 

, might be something as detailed as the sensitivity of a given sensor. 
A typical performance parameter for a sensory system in operation would 
be its scan rate for example. 
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Going further and using trend-line techniques, we third, 
identified the significant technological advances associated with the 
parameters described above. 

We then, fourth, looked into an estimate of improvement in 
performance due to these identified technological advances then went on. 

Fifth, to comments on the effects of physical limitations or 
environmental limitations on these technological advances, and 

Sixth, comments on resource constraints. 

Seventh, we decided to insert, where appropriate, those specu¬ 
lative new developments which appear to offer promise. 

As far as method is concerned, and in order to create an 
auditable document, we decided to carefully annotate as to where we 
obtained each of the bits of information, graphs, charts, displays, or 
what have you: through careful annotation to the source material. 

Finally, we accumulated all of this evidence in the ordered 
format of the array so that one can, in the future, sort on it quite 
readily. 

In a nutshell, our method was to create an easily traceable trail 
of evidence leading up to the cone 1rs ion which we eventually wrote up 
in the summary part of our document (Slide 2 off). 

All of the above problem structure and analytical method guidance 
was passed on by the U.S. Chairman to the three other countries to 
participate in the effort. Using this guidance, all four countries did 
varying degrees of work on the project, but each attempted to cover the 
entire spectrum of the problem, all of this work was done in-country 
during the period 6 December 1966 to 12 February 1967. Then in mid- 
February, a Quadripartite Working Party Meeting was held in Washington. 
During this meeting, the country representatives looked at each other's 
work and applied the following criteria during this preliminary review 
process. (Slide 3 on.) Going down the list on the slide as we looked 
at the input from each country, we asked, is it time series oriented? 
yere the best available sources used? Was this a best effort in the time 
availabile? Is it logically organized? Was a strong attempt made to 
transform from technical and scientific terminology into operational 
terma and, finally, was the material auditable? Having looked at the 
individual efforts of each of the participating countries, the Working 
Party was then faced with a synthesis task. We had to pick and choose 
in the interweaving kind of process which we then applied. And the 
criteria that we used in this part of the methodology was as follows: 
Is the material we are including well organized? Is this proper date? 
Is the presentation useful? Useful to an operations man? Is the 
analysis creditable? Is our effort complete? Do we have internal con¬ 
sistency? Have we trea^d of the interrelationships between systems? 
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and finally, since this was a Quadripartite Working Party effort, is 
the material going into the draft documents agreeable? 

Results to Date. I had hoped to present to you at this meeting 
some of the substantive results of this effort. Unfortunately, the material 
is still being reviewed within the countries who participated and I am 
not at this moment free to address substance. However, in the interests 
of better analyses in the future, I will describe what we have produced. 
There now ecists in each of the quadripartite countries a document entitled 
"Chapter 3 - Impact of Science and Technology on Operations." This chapter 
is a summary view of the expected effects on operations in the post-1980 
time frame of scientific and technological developments that can reasonably 
be expected to take place and be adopted by that time. Supporting this 
chapter is an annex which comprises a partially reviewed amalgam of the 
three sets of national scientific and technical evidence in support of 
the forecasts found in the chapter. It is in the annex where one finds 
the analysis leading up to the specific forecasts that have been ma«e. 
Finally, supporting the annex is an appendix of some several hundred 
pages which consist of the technical and scientific evidence used in the 
analysis, In effect, it is a collection of charts and graphs and a 
certain minimum amount of commentary as to what our scientists and 
technologic parametric point of view by the post-1980 decade. 

Critique. The material that has been produced by operations research 
analysts up to this point in time has isolated the more obvious impacts 
that could be deduced from the assembled material but does not deal in 
detail with some special aspects of operations appropriate to specific 
forms of warfare. For example, we, the anlysts who worked on the project, 
recognize that we have not fully examined the future of close air support, 
BW and CW, command and control, and service support. Further, the document 
in its present form is somewhat out of balance in that infantry, air 
defense and air mobile type operations have been examined to a lesser 
degree than have armored and support weapons systems operations. Never- 
the less, the current feeling is that the chapter and its supporting annex 
and appendix can easily be extended and refined in consultation with 
combat development experts for whom we have done this job. 

Forecast of Future Activity. I am sure that many of your will be 
interested in the possible future events in which this operations research 
analysis might find it ie imbeded. In the first place, some of you may 
end up participating in the exercise in the not too distant future. The 
documents which this four-country group of Army operations research ana¬ 
lysts produced hau already been briefed to the Quadripartite Working Group 
on Combat Developments, and it was well received. It is already planned 
that the Washington Standardization Officers will receive a briefing on 
the material sometime in June prior to the item appearing on the Agenda 
of TEAL XI to be held in Canada, also in June. In the meantime, the 
Quadripartite Working Group on Army Operations Research from whom our 
working party of operations research analysts received their guidance, 
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will shortly release the draft material which we have prepared to the 
Annies for their formal review. It Is during this ex* else that I am 
sure many of you will become further acquainted with what to us turned 
out to be one of the most fascinating and occasionally frustrating 
operations analyses that we have ever been associated with. 

Thank you. 
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Mr. Djoerd Hoekstra 
Inventory Research Office 
AMC Systems Support Center 
U. S. Army Materiel Command 

The Inventory Research Office is a staff element of the U. S. Army 
Materiel Command with its office located at the Frankford Arsenal in 
Philadelphia, Pa. The Inventory Research Office provides AMC with 
an in-house OR capability with primary emphasis upon introducing the 
concepts of inventory theory into Army logistics management practice. 
Most of its efforts relate to the wholesale management of spare parts 
and components at the higher echelons in the supply system where con¬ 
trol over procurement, distribution, and allocation of stocks is central¬ 
ized in the various National Inventory Control Points (equivalent to the 
Air Materiel Areas of the Air Force and the Navy's Bureaus). 

Historically speaking, the work at the Inventory Research Office 
is an outgrowth of the research in inventory models done by Professor 
Morse, Herb Galliher and their associates at MIT in the 50's. The basic 
optimal lot size model developed by them led to further contract studies 
by the MIT OR Center, into the nature of the demand process and into 
the measurement of relevant cost factors. Based on this work, the Army 
implemented the lot size model for what were formerly the Ordnance 
Corps NICP's in the early 60's. A group of analysts at the Frankford 
Arsenal having been involved in this implementation eventually became 
the Inventory Research Office and as a result of this earlier involvement, 
the IRO has always conducted a substantial portion of its work in the area 
of decision making at the "micro" level, decisions that can be character¬ 
ized by the questions of how much, and when, as they relate to an individual 
item at a given point in time. For instance, how much should we buy, how 
much should we schedule for repair, should we issue to this customer or 
not, and if so, how much. Should we keep this materiel or dispose of it or 
sell it to a foreign country, etc. The following research projects come un¬ 
der this heading of studies on decision making at the detail level: 

a. Lot size models were developed that apply to situations 
where deliveries as a result of a procurement action do not come in all 
at once in a predetermined quantity, but where there are phased delivery 
schedules, option clauses and other types of open ended procurement 
contracts. 
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b. A lot of work has been done on inventory model,for repair¬ 
able items that is,items which are not all discarded upon failure but of 
which some or all come back to the NICP for rebuild. 

c. A rationing methodology was developed that tells one when 
to stop issuing stock to low priority customers in order to insure later 
availability of stock to higher priority users. 

d. Under this heading also some work was done on a policy 
rule for deciding if and when an outstanding procurement contract should 
be cancelled if the need for the materiel on order seems to have decreased. 

In addition to this work on decision making at the transaction level 
of detail, we are now devoting an increasing share of our efforts to the 
development of methods to deal with aggregate meaaires of performance 
as they apply to wholesale logistics organizations such as NICP’s. Our 
ultimate objective here is to develop a macro model of each Army NICP 
which will enable us to relate resource inputs such as people, money, and 
computer capability to the performance turned in by the logistics organi¬ 
zation as measured in a variety of ways. 

In the last few years also, the scope of our work has broadened as 
the IRO has gotten involved in studies on not merely spare parts but the 
major items, (helicopters, vehicles, missiles,) themselves and as we 
have had the chance to work on logistics problems at lower levels in the 
system, involving the Army in field. For instance, in 19Ó4 we did a 
system Htudy on the management of componen ts such as engines, trans¬ 
missions, and gear boxes for helicopters. We found that, compared with 
commercial airlines and even compared with the Air Force, the Army 's 
total coot/performance experience was quite poor. But then such a com¬ 
parison may not have been entirely meaningful. However, as the result 
of this study, recommendations were made in several broad areas of 
operations including means of improved data collection, control over 
engines in the field, improved methods of reliability forecasting, and 
control over pipeline times. Embedded in all this was a multi-echelon 
inventory model, essentially a queuing model which enables one, knowing 
the reliability and failure characteristics, the maintenance capabiUty, and 
the pipeline times in the various theaters of operations, to calculate the 
level of supply performance and thus to calculate the optimal stockage 
policies for the system and make various other trade off analyses. This 
model has been used experimentally but is still not in day to day operational 
use mainly because of slow development of data collection systems which 
gather the necessary information on which the model would operate. How¬ 
ever, interesting enough, basically the same model was used in a variety 
of other applications subsequent to this first study. 
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One application was made in a study our office did last year for DA 
Board of Inquiry into the Army Logistics system (Brown Board) on spare 
parts stockage policies in the field. The question is, if we have a number 
of support echelons, with forward support at the bottom and going upward 
in the system main support and then at the top general support which in 
turn is supplied from a theater depot, at which level should a particular 
part be stocked and in what quantity. Physical constraints of mobility and 
of course economics, make it impossible to stock all the many hundreds 
of thousands of items the Army uses at all support levels, and the Brown 
Board essentially questioned the various institutionalized rule of thumb 
and policies which are presently in use. The multi-echelon queuing model 
was used to examine the effect of various alternative stockage and reorder¬ 
ing policies on materiel readiness and cost. The results which are pre¬ 
sently being expanded showed that the present policies of for instance always 
stocking a part if it is stocked at a lower level in the qrstem, can be signifi¬ 

cantly improved upon. 

Several other studies were done using essentially this simple queuing 
model which enables one to compute the supply performance in a multi- 
echelon system. First there was a study on maintaaance float requirements 
for combat vehicles performed by another team of the Brown Board using 
the exact same mode! as was developed for aircraft engines. The Army 
Chief of Staff just recently approved the recommendations of that Board to 
put the model to continuing use in further studies of supply and maintenance 
activities and to tactical support level. This same model was also use by 
the Firm of Davidson, Talbird and Me Lynn in a study for the Chief of Staff 
for Force Development to determine aircraft float requirements, which is 

still being reviewed. 

A great deal of our efforts in the past year have gone into design of 
the standard management information system to be used by the various 
NICP's, of which there are seven in the Army. Today, every N1CP has 
its own computer system with its own file structure, its own operating 
philosophy, and its own decision logic. The installation of next generation 
hardware in the coming years will at the same time introduce a standard 
integrated management system encompassing all the materiel management 
functions. This is a very large undertaking, the outcome of which will 
determine to a large extent the ability of the Army to manage its vast 
logistics business. Besides our work in analyzing and synthesizing the 
multitude of decision making models to be incorporated in this system, 
we are also pUnning to do some work in the key problem area of file 
structures, or data base management systems, and alternative hardware 

configurations. 

504 



4 

„i'Mi# IIIIIIIIIIIMi—l 

In closing, let me just mention a few other areas of research. 

1. Demand forecasting mainly directed at estimating the mean 
and variance of future demand^and the development of tracking signals 
and outlier detection methods. 

2. Military Essentiality of spare parts: in cooperation with 
the George Washington University's Logistics Research Project, a pro¬ 
ject has been underway at the IRQ to develop MiliUry Essentiality ratings 
of spare parts for various Army equipments. This work is an adaptation 
of the work that was done by George Washington University on the Polaris 
and later on some aircraft systems. A lot of work remains to be done in 
this area before we can truly say that consistent and unbiased estimates 
of mission essentiaüty of spare parts can be developed in a routine fashion. 
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CRITIQUE 

Dr. Seth Bonder 
University of Michigan 

Colonel Billingsley; Fifty-five papers later, three tremendous lunches 
later, two big dinners later, and we have arrived at the final "go-round" of 
the Sixth Annual Operations Research Symposium. This is the first symposium 
of this nature that I have attended, at least the first one in this area. I 
have gleaned a few impressions which I will pass on to you for what they may 
be worth. 

I got the impression the first afternoon that there was some disappoint¬ 
ment on the part of some of the participants inasmuch as the time that was 
permitted for them was, in their opinion, much too short. When there are as 
many papers as there were at this Symposium squeezed into a short period of time 
there is always the tendency for one to look at the individual papers and get 
lost "among the trees" instead of seeing the overall subject matter that is 
covered or that is the keynote of the Symposium. I did have the feeling that 
there was some disappointment, and I could understand why. I would like to 
suggest that future symposia of this kind have a high degree of selectivity 
of papers, and that they also have at least one or two sessions in which the 
presenter would be permitted to go into greater depth. While I recognize the 
fact that these papers were done by Operations Research analysts and mathe¬ 
maticians, I would have liked to have a little wore information on how they 
got the input in many of the papers that were presented. How valid was the 
data that was used for their particular problem? I think that one or two 
papers, selected very carefully, could cover the whole spectrum of Operations 
Research. I believe that those of us who are attending symposia of this kind 
for the first time would, in this way, get a much better and broader knowledge 
of what is actually going on in this field. 

I also felt that some of the papers in the "What Are You Doing?" sessions 
needed more time, and that others had too much time. 

The idea of concurrent sessions was excellent. I have been to a number 
of meetings of this kind in other areas of endeavor, where the participant or 
the observer had no choice as to what he was going to attend. I personally 
liked the opportunity to make a selection. Having chairmen and organizers 
for each session was an excellent idea; it gave continuity to tha: particular 
session. By and large, I would say that the good features of this Symposium 
far outweighed the other aspects which I have mentioned. 

This afternoon we are privileged to have a real expert in this field 
to handle the Critique of the Symposium. I am sure that all of you know who 
he is and what he is, and so I am not going to take any length of time to 
introduce him. I will merely say that it is a pleasure to have Dr. Seth Bonder 
from the University of Michigan to conduct the Critique. 

Dr. Bonder: When I was asked to critique this session, I was somewhat 
reluctant, since I knew that I would be following in the footsteps of my elder 
statesman-colleague : Bob.Thrall, who has critiqued three of these symposia; 
George Nicholson, Chairman of the Mathematics Department at UNC; and Frank 
Grubbs from the BRL who did this last year. Another factor that reinforced 



my reluctance to eerve as a critic is the meaning of a "symposium . I didn t 

realize how enjoyable these were. The Greeks defined a symposium as a convivif.1 

meeting usually following a dinner, for drinking, conversation, and intellectual 

entertainment." I'm glad I have attended so many. However, I can just see the 

students at Michigan with t íeir banners raised on high: ’Michigan professor 

critical of drinking, conversation, and intellectual entertainment. 

Seriously, it is a plfasure to be back here again. I missed last year s 

Symposium at Fort Monmouth, although I did read Frank's critique. Critiquing 

a symposium, I must confess, leaves little tine for this thing called drinking, 

conversation, and intellectual entertainment. In fact, in reviewing some of 

my notes, I think I have taken steps to insure that I don t get offered the 

Job again. I agreed when I accepted the responsibility of critiquing the 

Symposium to critique not only the Symposium but also, in general, Army Ooera- 

tions Research and to review, of course, what went on. I think I outdid myself. 

I may be somewhat overly critical, but let's judge that at the end. 

Let me give you soue background on how I intend to perform this critique. 

As you know, the program does not list any objectives this year. This was done 

purposely, I think. We know that among last year's mijor objectives (there were 

6 or 7 of these) were, first, to get the key personnel together (and obviously, 

we're all the key personnel in Army Operations Research) and, second, to hold a 

forum for papers fwe've had a very large forum for papers). It seems to me 

that those object ves, however, are sob-objectives. There is a global systems 

objective, and that's the improvement of Army Operations Research. Those other 

objectives are subsumed under the whole idea of Army Operations Research and its 

improvement. 

I think when we say "improve Army OR" we are implying several things. Is 

it an activity worth improving? I think so. I think Army OR is a very important 

activity, although there are obviously some who disagree with this. Is there 

room for improvement? I think so. We are a profession, and all professions 

have some room for improvement. I think we do. Does the capability exist for 

improvement? Again, I think so. All three of these are the considerations we 

must give to Army Operations Research. With this, as the so-called global 

objective of the Symposium, let me mi.ke my final introductory conment. I am 

usually critical of good activities. I am most critical of my better students- 

those who have stronger capabilities. 

The first slide is the outline of what I plan to do. I would like to 

discuss briefly the attendance and the organization structure of the Symposium 

itself, then spend quite a bit of time on the papers (number, subject, the time 

frame that the studies devoted themselves to, the methodologies used, quality, 

and a>y own general observations), and finally yield to the session chairmen 

who will give their views. I have asked them to address their comments to two 

questions in particular: what did they learn from their sessions in the subject 

area and what problems exist in the subject area. 

The first item is attendance. In 1963, at the second of the Army OR 

Symposia, I think I saw one Lieutenant Colonel. The rest were of higher rank. 

I assume that the civilians present were of equivalent rank. There may have 

been lower ranks present, but not very many. This year, there were 83 military 
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names on the roster, 60 of which were Lieutenant Colonels or below. Twenty 
were full Colonels, and we had three of General rank. This indicates to me 
that the population has changed and maybe that the structure of the Symposium 
should also change slightly. We no longer have to convince people that this 
is a good activity. We are of the operating level (if the Lieutenant Colonels 
will pardon my putting them in the group of operating level), those of us who 
perform the Operations Research activity, the analysts per se. 

Next consider the organization of the symposium. As usual, credit goes 
to Marion Bryson for the administrative activities that are always well per¬ 
formed. The dinners are always good, the buses are always on time; in fact, 
this is one of the finest symposia in this respect. 

People always overemphasize the importance of the theme of the Symposiun. 
We had a theme, but purposely it wasn't really a Symposium theme. It was 
really the theme of one panel. I think themes tend to be artifacts anyway, 
and they just restrict good papers. The tact that there wasn’t really an over¬ 
all Symposium theme is, I think, in no way derogatory; in fact, I believe it Is 

a plus. 

There were some very interesting changes in the administration and the 
organization of the sessions this year. We had nine technical paper sessions, 
and I will discuss these in depth in a moment. We had sessions on what I call 
"position" papers. Some of these were not intended to be position papers, but 
they turned out that way. One of the groups was specifically indicated as a 
"position" group, Session II, the Management of Operations Research Groups. 
We had some papers on OR education, on what the Military Academy is doing, on 
the Military OR book that is being prepared and on concept formulation (Emery 
Atkins’ session). Since the latter seemed likely to be a non-technical session 
on personal philosophies on OR, I sat there intending to be critical. Instead, 
I was pleased that it told where OR fits into the concept formulation, what 
questions are asked along the way, and what questions OR must address itself 
to. I thought that session was very well done. If we have the Symposivan a8aJn 
next year, which I hope we will, I would suggest another session like this, with 
a special invitation to people who are not familiar with various aspects of OR 
in the development cycle. We had a Panel, "OR in Developing Countries , and 
for me personally that was highly enlightening. It was a wonderful demonstra¬ 
tion of what people can do. Ve had a session on Simulation Methodology, as 
opposed to a technical paper session. We had a new innovation. What Are We 
Doing?" papers. I think these are excellent ideas. That is, we know what has 
gone on in the past, or we can get that kind of information from DDC. But 
what are people currently doing, and what are they interested in doing? I would 
make one suggestion for those sessions, that they spend more time discussing the 
military problem they are going to attack and less time discussing the promises 
on what methodologies they're going to use. More time should be devoted to 
identifying the military problem with the idea of recognizing analogous ones— 
all of which might be resolved by a common methodology. 

I thought thf» themes of the individual sessions were well integrated, and 
the sessions were well organized. One ir. particular was interesting, Strategic 
Mobility. That was really.one paper, I think, instead of three. The sessions 
were well integrated and organized because the session chairmen were allowed 
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to ornon Izo tholr own sessions. They personally invited the speakers. Even 
the "What Are You Dolnn?" sessions were fairly well Integrated. What was 
lacking was inter-session coordination. I saw the same "What is CDC and its 
Function?" in about four papers from different sessions. I think we should t 
trv to eliminate some of this redundancy between sessions, if possible. 

I think we need more time for the papers. It is very difficult to 
develop the technical aspects of a paper in twenty minutes and still leave 
time for discussion. Usually the papers were given sequentially, with no 
time for questions after each paper. In this process, I forgot what questions 
I wanted to ask of a particular speaker while I was taking notes on another 
paper. Even if I had not had this problem, the question and answer period 
was usually absorbed in presenting the last paper. Where time permitted 
discussion, I was a little disappointed in that questions were taken somewhat 
antagonistically by the presenter. I don't think they were meant that way— 

we're all trying to learn something. 

As to the discussion aspect of the audience participation, I would like 
to make a recommendation. I don't think discussion is sufficient participation 
by the audience. I sen*ed that some people wanted some more, and 1 talked to 
some who agreed. They wanted some more exchange between the individuals and 
technical sessions. In 1966, at the last symposium, Oscar Wells asked for 
more clinical sessions. We felt the need then for people to discuss their 
problems technically and present what they were doing. We need more participa¬ 
tion, not just discussion. In previous years, some people have recommended 
the working group technique of MORS. I don't care what technique is used, but 
there has to be a mechanism, 1 think, for closer participation with everybody 
here. There has to be more activity than Just some presenting and some listening. 
Going Lack to my comment about the distribution of personnel, we are actually 
working now and we should do some work together while we are here to improve 
Army Operations Research. I think we can do that by getting some more participa- t 

tion from the attending personnel. 

The next major heading was papers. First let us consider the number of 
papers. There were invited and contributed papers (46 invited). I included 
just about everything as a paper, e ’n parts of the Panel. There were some 
briefing and position papers, roufcaiy 14 of these. I recognize that I have 
made the decision on what is a briefing and position paper and what is a study 
or a technical uaper. There were 12 "What Are You Doing?" papers and 20 
technical presentations about OR studies—studies that were hopefully recently 
completed. There were 9 contributed papers that fall into the technical paper 
area, but they were separated because they were contributed, as opposed to 
invited. This is quite an increase over the number of last year s papers. 
Maybe this increase is not effective, since it leaves less time per paper. 

The papers do not necessarily align with what tne paper or the session 
title said it was. Some papers in sessions didn't really coincide with the 
title. For example, Emery Atkins' session of papers were listed as Air Defense. 
I don’t think they were. They were about concept formulation, independent of y 
Air Defense, therefore I took them out of Air Defense. It is interesting to 
note that there are zero entries in the Missile and Air Defense category at 

this Army OR Symposium. 

510 



Next, in looking at the papers, I tried to break these down into the 
time frame that the paper examined—either current operations or planning. 
I listed A3 papers out of the total 35 papers where I could really find out 
what they were talking about in terms of either operations or planning. There 
are only 17Z devoted to current operations; 832 are devoted to planning, which 
I further partitioned into planning for forces and planning for weapons. As 
best I could determine, roughly half of the papers we.e devoted to plannjn8 for 
weapons systems, and 272 were planning for forces. I think that, significantly, 
there were only 22 that did both. This was rather surprising to me. It sef®8 
that future weapons for the Army are very luuch related to what the forces should 
be. In fact, Jim McLynn made that comment this morning in a roundabout way. 
He said, "Logistics are related to what the forces are." But logistics ate also 
related to ¿hat the weapons are. These are very closely Interrelated subjects, 
and, while I realize that we have to partition somewhere, I was merely surprised 
that we did not have more studies which looked at both problems in planning. 
I classified the three in the Panel Session on OR in Developing Countries along 
with the 172 that dealt with current operations. 

There was very little study of operations. I am surprised at this since 
we have to look at tne future when we plan something. To do this you need 
predictive models. Analysis of Operations is an estimation problem. Call it 
operational inference, if you want to give it a name. To develop predictive 
models you need data about current syslems. Somebody made the comment that 
we do not want to look at exercise or operational data because it will be 
history tomorrow. I don’t see how we ever develop a science unless we look at 
data today. There is no such thing as future data. Daca is what we have today, 
and we have to correlate and extrapolate that for the futute. 

The next aspect of the papers is the methodologies that were employed. 
I could identify, in 35 papers, what methodology the authors were either using 
or planning to use in their studies: 72 were experimental approaches to a 
problem, 612 were wîi gaming or simulation and 32* were mathematical approaches 
or purely mathematical kinds of activities. Let me discuss these in reverse 
order of their frequency of use. This is whit was given in the papers—I cannot 
infer what I think they did by things they didn’t say. There may be lots of 
experimental work, but I didn't hear it. In my opinion, we don t do enough 
experimental work. In 1963, Ed Paxcn from the RAND Corporation leveled this 
criticism at Army OR. Bob Thrall did this in one of his two critiques, and 
many of you, I think, feel the same way. I have heard remarks similar to this 
throughout the whole Symposium. We need more experimentation both for use in 
the development of models and for their verification. 

Consider next the analytic or mathematical approaches. I divide mathe¬ 
matics into two kinds of activities: one is algebra, a la programing and 
input-output analysis, and the other is analytic, looking at the problem and 
using mathematics to model the process. I think we tend to do more algebra. 
That is surprising for a process oriented discipline. Since we are looking 
at military dynamics and military processes, I think we ought to be more 
analytic than algebraic. In terms of the analytics that we do, there is 
insufficient concern or responsibility about how we get the input data. Can 
we measure the required inputs for our models? I heard a comment made at the 
Symposium that we apply sophisticated mathematics to poor guesses. An OR 
philosopher once said, "We have to subject the heated anxiety of the mathe- 



matician to the cool spray of data." I think he is right. We are all too 

anxious to go out and mathematize something and model it without worry ng 

about where the input data is coming from. I think there was evidence of 

this in the Symposium. 

I have seen instances in this symposium and in other symposia that I 

have attended, in which we re-invent the wheel. At a recent s^posium, I 

heard one man give a paper on Army Operations Research in which he rediscovered 

Che him nial distribution. I am suggesting nere chat, before we jump into a 

problem anu try to mathematize something or model it in any way, we should 

take a hard look at the literature. We have done a lot of work ov^ 

twenty years; let's find out if similar problems have been attacked, if similar 

methodologies have already been developed. We might save time and money and 

lots of frustration if we look at the literature more often. It seems to me 

that every study should cegin with a good search of the literature in detail. 

The next part of the methodology, after analytic, is war gaming and 

simulation. In 1963 Ed Paxon said that of 3000 papers produced every year, 

25Z are simulation papers. At this symposium we have exceeded that percentage. 

I am concerned- and I am sure many of the other people here are concerned, with 

the use of simulation as a substitute for very good hard thinking. That is 

not to say that when you do simulation you io not think at all. I personally 

have looked at some of the reports of the M1CV-70 study that was reported here 

and that was a good job of thinking. All too often we jump into ^ problem and 

say, "It's complex, so we'll simulate it." I don't think we should do this 

all the time. One of the reasons we do this, I think, is that a simulation 

can be completed in a specifiad period of time. It may be a bad one, but 

it can be finished in eight or nine months or two years, whatever the time per 

may be. Additionally, I think it is easier for the sponsor to understand the 

simulation because it looks like his system rather than some other, perhaps 

mathematical, model which does not look exactly like his system. It is easier 

for a sponsor to accept a simulation because he recognizes all the elements in 

the physical process as being there. That is good for the sponsor, but I 

think at times it forces the analyst to simulate too often, riere again, I 

am expressing comments that were made by the people in the simulation technique 

session. 

We need not simulate everything completely isomorphic with the real 

world. If we do, it is not simulation. The point is, we only want those 

fac-ors that are relevant to the problems were looking at. Dr. Schorr pointed 

this out in his paper. Those of you who are aeronautical tul1 
w-Ll that in wind tunnels we do not simulate the whole wing. The detail t 

we do put in, of course, leads to well recognized problems. First of all, it 

is extremely difficult to analyze the output. Last summer I «n * conference 

in military OK, and I had two practitioners in the field of simulation give 

four lectures. At one of these lectures, I asked them to please tell me what 

they did with the output of the simulation. They refused. They said. We 

don't know what to say in an hour, or in an infinite amount of t1“® fo^ ^ha „ 

matter, to really tell you how to analyze data that comes off the simulator. 

There are many other problems, among them the application problem—the 

iifficulty of getting good input data. The more detail you get, the mote 

input data you need in the simulation, and it is difficult to get even 
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relatively ecraightftrward áata. And probably the most important «in simulation, 
because they are usually so big and because we use it to project into the 
future, ve cannot verify it experimentally, nor run a sensitivity analysis. 
The bigger it gets, the more unfeasible it becomes to use correctly. We have 
a paradox. 

When it is necessary to resort to a simulation, it would be nice if we 
did not build a new one every time, for every problem. It seems to me, we 
could probably get some standard simulations in certain areas by building a 
good one for each area of concern. I hope we will do this at some time in the 
future. I am referring to standard models. For example, in the last six 
months, George Nicholson conducted a study for the Department of Defense (with 
Emery Atkins and others in the field) on Models of Optically Directed Gun 
Anti-Aircraft Systems to find what was available and to determine if we could 
get some standardization of the models. Hopefully, this activity will be 
performed in other areas. 

Oftentimes the underlying complexity of a process will allow you to use 
a simple model. What I am implying here is the limiting effects of something 
like the Central Limit Theorem (sums of norma inputs give you a normal output). 
Sometimes Che complexity allows you to make a very simple model of the process 
you are looking at. Clint Ancker made a statement that was related to this: 
"When you have a very complex system, use an expected value model; only when 
it is a very simple system do you want to use a probablistic model--a stochastic 
simulation." He made this comment last year. I would like to add another to 
it. Why don't we try taking some of the sub-models in a uig simulation and make 
them analytic? That is, take some known analytic results and use them as sub¬ 
models. Let me cite the example that immediately comes to mind. In armored 
combat simulations we fire a round, we t^me its flight, the other side fires 
a round, etc., and we do this back and forth, sampling hit probabilities and 
kill probabilities to determine when events occur. After 20 random numbers, 
we find out who killed whom in a little fire duel. Why don't we use a metho¬ 
dology like stochastic duels as a sub-model for this process? This procedure 
would reduce the running time and the complexity in a simulation. I am 
suggesting that we can do this for many of the processes in a simulation. 

Let us now discuss the content of the papers where consideration was given 
to 27 of the papers. I made subjective estimates of quality, and by that I 
mean, does the paper have a proper definition or the military problem, does it 
develop a model of the phenomena, does it use data? If it does not use any 
data, does it do any sensitivity analysis? Does it come up with meaningful 
conclusions and recommendations? I had a hard time on many of the papers 
figuring out what they were trying to do. Most of them developed models in the 
papers. 45X of the papers used data, 37X of which was used in model develop¬ 
ment. I found very little use of data; not for testing purposes, hut input data 
used for running the model. 8% uued data for model v .cification. 22X of the 
27 papers did some sensitivity analysis. If these results are indicative, I 
think we should be very wary of the output of some of the studies we are 
conducting. 

More important for this symposium is the fact that 111 of the 27 papers, 
roughly five papers, presented some conclusions and recommendations: I would 
make a recommendation to the Planning Committee that we have more completed 
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studies presented at future symposia. I think promises belong In the What 

Are You Doing?" papers. The technical presentations should be completed or 

nearly completed studies. 

In the development of the problem definition, I found very little 

attention given to the military objectives. I am concerned that we don't 

spend enough time studying measures in terms of the sensitivity of the 

measures and in tens of the statistical characteristics of the measures. 

Remember, measures of effectiveness of a simulation are statistics. 

1 did not see where many of the models developed contributed knowledge 

of Army Operations Research processes. That is, the models were not used 

to determine the dynamics of military processes. 

In summary of the papers, there was very little use or the collection 

of data, very little sensitivity analysis, and too few conclusions and 

recommendations. I thought the presentations per se were the finest I 

have ever seen at a symposium. People presented their material well and 

you could read what was on the slides. I think we have to do some work in 

the other areas, however. 

At this time I would like to make some comments regarding Army Operations 

Research in general. Last night, General Clark defined Operations Research 

for us. He had two definitions, as you remember. (Hopefully, we would 

strive for the first of these two and not the second.) In the f .rst defi¬ 

nition, he stated that Operations Research is a science of interactions. 

Unfortunately, I don't see very much science in the Military Operations 

Research area. Let me preface this comment—I think we are relatively 

young as a profession. Physical sciences are 200 years old, and physics 

is 300 years old. I hope we can make it „ooner than that. Let me say 

what I mean when I say I don't see much science yet. I have already noted 

the lack of a data base. It seems to me that most of our efforts are devoted 

to two things: specific problem solution today about some problem (the 

probxem may be a problem of the future), or concern with technique develop- 

ment—and here I'm speaking of the OR community at large. I don't see any 

Reynolds numbers of military processes. I don't see any analogue to thermo¬ 

dynamics in military processes. I don't see any physics. By military 

process I am referring to combat dynamics, R&D, logistics, etc. I think, 

however, that we are on the frin6- of this knowledge. In the MICV study, 

there was a conclusion which implied you should attack fast, but the benefit 

of increased speed has decreasing marginal value. In other words, the 

faster you go, the smaller the marginal benefit you derive. This is some 

fundamental knowledge about the process. I am suggesting that we spend 

more time on this activity. I recognize that we have to solve problems 

as well—we tmve to do both. 1 agree with Foster Weldon that the inventors 

do an awful lot and I think we are in the inventive stage. But we have 

to progress beyond the stage of invention. We have to understand something 

about the processes we are concerned with. Dr. Cleland said, "Give us the 

wisdom to know the why and the wherefore." Not dees it work, but why? If 

we can learn why these things occur, why speed is so good and what the 

trade-ofis are between firepower and mobility and protection (and we try 

to do this in every study), then our weapon evaluations and our problem 

solving might be more efficient. 
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Related to my comments earlier about the re-invention of the wh««l, 

I would like to see some organization accept a **J£!ular studies, 
to accumulate some of the knowledge that is developed P 

fundamental knowledge of the processes we are ^*™*b£th;io£7ith some 
only accumulate this knowledge, but also make it availabie, along w« 

standard procedures, for those who have 8Pef ^ solve 
areas. This will reduce the inefficiency of continual relearning 

particular problems. 

My „ext general comaent la about »my OHS* a. » P‘°f'a.ion. 

we .rey»«U recgnlred. We now have an 0«S* apacl.U.t ^ 
Ml wnrklnv level military personnel at this symposium. This is indlcati 

ZTZTi:: ZZl 
1 don’t believe there is sufficient input to the ceteer field. I thlvk^ 

we need more trained analysts as input, which leads me to raV * « 
observation, that of education of military OR analysts in general. 

1 am concerned about our ability to educate people, not to train them 

for today’s problems, but to educate them to analyze tomorrow s probiems. 

We spend too much time at the universities teaching techniqu ( ^ 

linear progrrmming, dynamic proftM-ing, qumuel^t^ory^ — r0urse8 
spend enough time teaching process modeling. I would like to see cour 

in îogisti's and courses in RfcD dynamics. Dr. Dean i®?1 *d thjM 
were some fundamental concepts in R*D and that tjese could and should be 
taught. I would like to see military students a ^ ^versitie. »«^ 
mnrp exoerience in the problem areas as opposed to a ditty bag ot tec 

^ T i-h<nk we have to show th«n how co structure a problem and 
niques. 1 think we have to snow cn j suggesting the 
analyze it—and you can only do that by experience. * am se, ® 

textbork problms, you am given the v.rl.blee, the 
and you knou the technique, to employ beoauee theprobLeniaat th. d 

*f a chapter »hlch describe, the particular technique. We havetomach 

prospective analysts to look at the problem and atructure the procesas. 

as needed. 

s-““ ssr; Ä-. 
f ”.siTÄTÄ'n “Sä. .- 

One last closing '•omment: for those people who would like to critique 

the Critique, I auggest that next year the Critique hr given before the 

Symposium. 
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T,et me take a moment now to call upon the chairmen. I asked the chair¬ 

men to answer two questions about their sessions. One, what was learned 

about the subject area? Secondly, what do you, as chairmen, sec as major 

problems in this subject area? 

Mr. Roencke: Where have we come in the last year in the area of 

resource allocation in R&D, particularly research and exploratory develop¬ 

ment? Concerning the last year's activities as presented by the three papers 

in my session, we have available models that have been tested in a limited 

nature, but which need a lot more extensive testing to determine their 

adequacy. These models are useable if they turn out to be as useful as their 

proponents believe, at the service level, at a major command level, and at 

lab levels. We find interest in and emphasis on a more optimal way of 

recommending how to allocate resources in research and exploratory develop¬ 

ment. The competing models that we heard about, which are the result of 

the last year's effort, stress balanced allocation on a marginal dollar 

investment technique, the maximum military worth under the various constraints, 

and technological value to the organization through optimization of the dollars 

and personnel invested in it. The problems are large. The basic one, of 

course, OR analysts cannot solve. This is the distrust of computer programs 

handling such subjective values as military value, the cost of technical 

efforts (technical risk) and the fear that wrong solutions are somehow in 

the black boxes and might come out. Hence, the decision maker makes the 

wrong decisions because the decision was reached erroneously someplace in 

the "innards" of the ADP. It's a major problem, but I don't know how to 

solve fit. 

Another problem is structuring the operational capabilities so that , 

their relative worths are ordered and have additive properties as was indica¬ 

ted. They may not even have the same metrics, and this may be a difficult 

problem to solve. Many factors of R4D resource allocation are not covered 

by the models that I have been referring to, such as maintaining a technical 

ability in a laboratory complex someplace, to be able to aid in making many 

other decisions than just building equipment. The use of sophisticated 

models somehow has the connotation to most laboratory people of a cold, 

unemotional device which puts out pink slips that say, "You're Fired," or 

something like that. Again, this is a climate that the OR analyst has been 

facing for many years, and in resource allocation it rears its ugly head too. 

The models did not handle the problem of setting up facilities, maintaining 

the current facilities, or seeing that the personnel required to operate 

them are available. 

There was one thing that was not evident from the papers and is, in 

essence, something that I'm greatly familiar with. * might just as well 

present this as a problem from my own knowledge rather than from the papers. 

The DDR&E Project TALK and the Case Institute Model (and I think to some 

extent the RAC Model) are a one-year allocation technique, and yet RDT&E 

of the character we're talking about in research and exploratory development 

is multi-year. We need some way of modifying these to that end. 
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Dr. Bonder ; The subject of Colonel Callahan's session was "Helicopter 
in Limited War." His general observations: there was relatively little 
commonality of war games scenarios and situations, definitions of terms, 
objectives, or collection of data in these four studies. In the AAFSS 
study, the cost data was generally collected independently of the perform¬ 
ance model and this required an unnecessary secondary collection effort. 
None of the studies presented actually reported final results. They 
re-emphasized the need for clearly bounded objectives, constraints, data 
analysis, and conclusions. Suggestions for future improvement are: there 
is a need for better establishment of bounds, terms, and data collection 
means for studies related to solutions of the same general type of problems. 
Study models must provide the basis for specific formats used in the 
collection of cost data as well as performance measures. There is a need 
for increased attention to OR management, i.e., planning, organizing, 
directing, and controls for studies in related areas. A management system 
should at a minimum Include a PERT type network in which the objectives, 
terms, analytical procedures, and data collection which at a minimum should 
include planning, organizing, directing, and control. This procedure should 
be directed at initiation and scheduling of parallel study efforts such as 
those characterized by this session. 

The next session was "Strategic Mobility", chaired bv Mr. Lee Stone- 
back. He points out how pleased he was with ”’e integration of papers 
in the session. Let me read his comments at tne end: "In general, the 
papers indicated that the bulk of the work now being done is concerned 
with the inter-theater part of strategic mobility systems. The importance 
of the CONUS and theater ends of this system is recognized. There has not 
been sufficient work to gain an adequate understanding of these parts of 
the system. The general concensus is that increased efforts should be 
devoted to determining how the CONUS and theater sub-system Interact with 
and affect the intra-theater sub-system. It is also recognized that 
further effort is required to get a bette, handle at costing strategic 
mobility sub-systems." 

COL Burton: I think that the "What Are You Doing?" session, at least 
the one that I chaired, was really quite unstructured. It did have a 
rationale to it. All the papers dealt somehow with the human factor. But 
what T heard may not necessarily have been what others heard, nor how they 
interpreted it. This was a mixed audience. I do know, I think, that we 
have a problem in what does YOU mean? "What Are YOU Doing?" I had inter¬ 
preted that to mean that the speaker was going to give a highly personalized 
account of his involvement in something. However, he gave it from an 
organizational viewpoint (I guess ail of us are good organization men). 
Essentially, he told what his organization was doing. I don't believe this 
negated the work of the papers at all; I think the speakers are to be 
complimented, particularly considering the time pressure that we had to 
operate under. We really "buzzed" through it, and I'd like to apologize 
for perhaps having pushed some of them a little too much. 

There were three papers which were concerned with people and fitting 
people into these systems that we are talking about. One was the human 
allocation problem to meet the requirements. Another dealt with the man- 



«achine system. A third was vitally interested in social aspects particularly 
of different cultures. Two of the papers considered educational problems. 
I submit that this is a problem in itself. We sit here at fairly high levels ' , 
in a very complex Army System which is getting more complex all the time. 
And yet, what we do eventually has to make sense to the man down there in the 
field. This is an educational problem. That man may wonder, for example, 
why knobs are like this and why they feel like this and are placed such and 
so. He may wonder about the positioning of the crews, in terms of man-machine 
systems. He may wonder about personnel policy: why does it result in his 
getting new training and of moving every six months to some far distant place. 
It is very easy to get lost in a theoretical type of problem without looking 
at the realities of what can result from that study. It has got to make 
sense to the man down on the business end. This is like the inventory 
problem. When you are out of stock, you dcn't really know what the costs are 
and you make some wild guess. But let me tell you, when the man down in the 
field is out of ammunition and somebody is shooting at him, he knows what the 
costs are. And all your solutions will never seem reasonable to him, even 
if they are statistically sound. 

A major problem that we have in this OR business is to carry it through. 
Two of the papers in my session dealt with education. We are trying to give 
the graduates of the Military Academy at least some appreciation for the 
power and substance of Operations Research. We can't do it very well. We 
net! to carry it on down in some way; how this is to be done I do not know. 
Of course, the allocation problem in the face of changing requirements is an 
enormous problem. When you introduce new systems you create new training 
requlrenents and need new skills tnd new Inputs. This is a continuing problem 
which we all have. 

I thought my session was a very good session. I would hope that next t* 
time we can decide on what "What Are You Doing" means so that we are all on 
a common footing. 

Dr. Bonder: The next session, Effectiveness of Barrier Systems", was 
chaired by Mr. Martin Chase. He said, "The arsenal of probability models 
for assessing casualties suffered in traversing mine fields appears to be 
adequate and these models can be combined with appropriate cost models to 
permit cost effectiveness analysis of mine fields. Similarly, there are a 
number of models of terrain which permit evaluation of terrain as a barrier 
to vehicle movement. Application of all of the models is hampered by lack 
of reliable data on terrain characteristics and on vehicle performance as a 
function of terrain characteristics. The interactions between varied offences 
and other tactical actions (artilleries, artillery support, close air support, 
defensive barriers, etc.) are very Important, and strongly affect evaluation 
of barriers. As In most fields of military OR, the major content problems 
have to do with the lack of real data." 

Mr. Hardison: All of the comments that I have were made by either v 
COL Billingsley or Dr. Bonder. That was that the difference between the time 
that proved to be available and the sums of the times that I had allocated to 
the speakers was negative. 

• • 

COL Ostrom: I think that the Panel Session served more to demonstrate 
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the breadth of the problems that were open to attack than It did to teach any 
specific lessons. Two points did come out as specific lessons which a great 
many people have learned before, but which bear reiterating. 

One point is that when you are trying to get a native population, or 
some fraction of it to become involved in the execution of a plan on a 
permanent basis, you had better get them in it early and get them involved 
deeply. Otherwise, when you turn your back, you are going to find that 
things evaporate just about as fast as you walk away. 

The second point is that the interpreter, when you've got any kind of 
a language barrier, is very much a key to your whole study, and you had 
better pay a great deal of attention to your interpreter or translator problems 
before you attempt to move any further. 

More generally, I think that the session showed that the OR in which 
you are likely to become involved is going to be oriented to the social 
sciences rather than to materiel. The state of development of this kind of 
OR is such that you are going to spend about half your time defining the 
problem; you've got a feed-back loop, or a number of feed-back loops, that 
come far back toward the beginnings of your study. You may find that you are 
modifying your inputs in the process of also modifying your models. Under 
these conditions, of course, measures of effectiveness are going to be vague. 
As I said before, these statements merely reiterate what is already common 
opinion, if not common knowledge, that the social sciences are not nearly so 
well quantified at this point in time as are the physical and life sciences. 
So far as problems are concerned, the Army (and now we're getting to personal 
observations) is a member of the country team. It makes no difference whether 
it is a leader of the country team or a subordinate member. The Army is going 
to become involved in this kind of OR, whether it likes it or not. The 
greater the degree of involvement of the United States in developing countries, 
the more inevitable is going to be the requirement for this type of Operations 
Research. I see a two-headed problem. One is selling the necessity for the 
social science oriented studies to the senior levels of the executive depart¬ 
ment and also to Congress. The other is selling the notion that we have got 
to become involved in this kind of Operations Research to the uniformed 
frretion of the Army at a minimum. 

Mr. Atkins: My observations on our particular session are actually 
a little biased. The feeling that I gained from our session is that we 
tackled much too broad a subject for the short period of time which was 
alloted. As a result of the discussion of some of the participants, I also 
got the feeling of what I would call a "delayed reaction". There were more 
questions on the session quite a while after it occured than there were 
during the session. 

^ V’e need cooperation or coordination between the multiple groups (CDC, 
AMC, the contractor, etc.). The fact is that if all of us do not work 
together, we will not deliver effective systems. 

♦ LTC Travis: In our session, we looked at simulation and the uses of 
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