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PREFACE

This document is one of four volumes constituting the Army Economic
Analysis Handbook. The other volumes are Vol I, "Army Investment Analy-
sis,™ Vol ITI, "Gulde for Reviewers of Economic Analysis,” Vol IV, "Case
Studies.”

The project within Gereral Research Corporation was performed under
the direction of Mr. Albert D. Tholen,'Director, Resource Analysis Depart-
ment, and under the management of Mr, Walter H. Bennett. A significant
contribution was made by Mr. Richard Zabell in App A, Mr. Psul Palatt in
App B, and Mr, Brent Bowen in App D.

This work, the exposition of economic concepts,and.their'relationship
to analysis applications, was strengthened immeasursbly by the technical
contributions of Dr. T. Arthur Smith, Assistant Comptroller of the Army
for Economic Policy and International Progrems. Dr. Smith has directed
graduate seminars in coat-benefit analysis for several years at The
Americsn University. This dackground, supported in turm by hi§ experia
ence as Chairman, Defense Economic Analysis Council, and asg Chairman of
a Defense Department Automated Data Systems Evaluation Cammittee were
heavily utilized in establishing structural guidsnce for the content of
these four volumes.

The Study Advisory Group members alsc provided valuable support and
technical guidance, They are Mr, Robert Verheke, 0ffice of the Comp-
troller of the Army; Mr. George Antla, Offiée o2 the Chief of Englneers,
Instituts for Water Resources; MAJ Craig Hagen and LTC Joseph H. Schwar,
Jr., Office of the Assistant Vice Chief of Staff, Management Information

Systems.
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SUMMARY

PURPOSE

The Economic Analysis Handbook is designed a3 a practical gulde for
preparers and reviewers of Army economic analysis studies. The immediate
goal i3 to facilitate improved analyses, but the ultimate jdstification
is the premise that improved analyses will lead to better decisions on

and use of Armv resources.

OBJECTIVES

The primary objectivesz of the Handbook are to:

® State the purposes, uszes, and limitations of economic analysis.

® Provide guidelines for planning an economic anglysis.

@ Provide comprehensive coverage of essential economic analysis
concepts and procedures,

e Supplement the limited coverage ‘n other areag with references
to additional sources.

¢ Establish standards for economic anelysis presentation and
documentation.

o~ ® Provide guidelines for reviewers of eccnomic analyses.
# Present lessons learned f'rom case stuale: of real-life Army

economic analyses,

@ SCOPE
Economic analysis in the context of thils handbook 1s concerned with
the costs and benefits of alternative ways of accomplishing a particular
task. Thus, for example, the analysis focuses on the "mrst economic™

way to build a heliport. It does not investigate resource requirements

4
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and canabilities ror a single apprcach to heliport construction. Nor
does 1t address the merits of building the heliport as opposed to carry-
ing out a different task, for example, improving messing facilities.

The single approach prcﬁlem falls within the province of the budget ana-
lyst, while the probiem of assessing new heliports vs improved messing
facilities i3 the responsibility of high-level decision makers.

Economic analysis is applicable to a wide range of activitiles in-
volving rroposed acquisition of goods and services for Army use. The
handbook 1s intended for analyses of investment projects yet to be
fi.ally approved or disaprproved. It is not intended to provide insights

¢.r the best way tc justify prior decisions on investment projects.

OR® "TZ TINN

3.~ handboox is organzied into four volumes. Volume I serves as
the gentyzn *utroduction to the subject of economic analysis. It covers
the major steps involved in an econcmic analysis study and provides brief
descriptions of t%e origins and current status of economic analysis within
the Army. ‘

This vclume is designed for the preparers of economic analysis
studles., Tic sleps, concepts, and procedures of economic analysis are
described in detsil and illustrated by examples.

Volume III is writ én for reviewers of economic snalyses, It 1s
presented in terms of a(ieries of key questions asddressing such matters
as assumptionsz, methodoiTgy, formulation of alternatives, and presenta-
tion of results, ![

Volume 1V provides‘two case studies of actual Army economic analyses.
Each case study describes &n.d evsl.atas the pertinent analyses and pre-
sents a catalog of lessons learned, The case studies helped shape the
content and extent of attention given to various subjects in Vols I to

IIT end provided illustrative exampies.
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/1 INTRODUCTION

PURPOSE

This volume addresses concepts, theory, and techniques applicabie
to economic analysis. The main body represents a selective reordering
of Volume I, with additional details supplied as necessary. More specif-
ically, the procedural orientation of Volume I has been replaced by a
presentation organized around major concepts—for example, costs, benefits,
uncertainty. The appendixes provide more specific details ﬁhich are
1llustrated by some of the important techniques associatcd with the
disciplinas of economics, financial management, mathematics, and
statistics. In this volume concepts and techniques are illustrated,
where possible, by use of examples tuaken from actual analyses.

WHY ECONOMIC ANALYSIS? v ‘

At all decision-making levels of soclety-——the individuel, the family,
the private firm, the various Governmental organizations—decisions are
mﬁde to allocate resourcers to either present activities or friture activi-
ties. These decisions are influenced tc varying degrees by economic
considerations and by noneconomic factors such as habit, standing cperat-
ing procedures (SOPs), and politics. '

, The purpose of eponomic analysis is to provide the analyst and the
decision maker with » “ormalized, disciplined, and standardized approach

to identifying and summarizing the economic considerations of a problem
involving choice among alternatives. The procedure for performing an
economir analysis is to sssess the alternatives in terms of costs and
benefits, and to present the findings in an orderly manner for use in
decision making. This facilitates the making and reviewing of decisions by:



a. Focusing informal thinking.

b. Surfacing hidden assumptions, making clear their
logical implications.

¢. Provl .ng an ef 'ective vehicle for communicating the

considerations which support a recommendation.l

Planning, Programming, and Budgeting System (PFBS)

The Army's economic analysis program is a major component of the
Flanning, Programming, 'nd Budgeting System (PPBS) of the Department of
- Tefense (DOD).  —~ - R o

The Planning, Programming and Budgeting System (PPBS) was instituted
by the Govermment in 1965 in order that every Federal agency might
better:2’3’u

® Articulate our national goals with greater precision and on

a continuing ba-.g. )
Choose froa among these goals those that are most urgent.
Search for alternative means of reaching ocur goals most
effectively. o
¢ Inform ourselves not merely on next year's costs, but on the
second, third, and subsequent years' cost of our programs.
¢ Improve the measurement of progrei: performence to insure that
a dollar's worth of service is given for each dollar spent.a
The PPBS provides both the framework and the means of recording
decisions regarding DOD resource utilization. Ultimately, many decisiogs
are based on economic anslysis, and as a result of tais imporfant role
in the decision ﬁaking process economic analysis is referenced in pre-
~—vailing DOD’guidanc'e5 as an integral part of the PPBS. =

lDept of Defense, "Economic Analysis Handbook," 2nd Edition. undated.

2Mark Alfandary-Alexander, editor, Analysis for Planning, Programming,
Budgeting, Washington Operations Research Council, Washington, D.C., 1968.

L. Weidenbaum, "Planning-Programming-Budgeting Systems:
Selected Case Materisls,” Washington University, St. Louls, Missouri, 1969.

uFremont J. Lyden and Ernest G. Miller, editors, Pltaning, Pro-
gramming, Budgeting: A System Approach to Management. Markham Publishing
Company, Chicago, 1968.

5Dept of Defense, "Economic Analysis and Program Evaluation for
Resource Management," DODI 7041.3, 18 Oct 72.

2
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Applications .
Economic analysis provides the basis for decision making with respect

to the epplication of resources in alternative systems or projects. In
performing an economic analysis, the ocutputs (benefits) of each alterna-
tive must be measured as well as its utilization of rasources (costs).
In order to adequately measure and assess all benefiis and costs, due
congideration must be given to the qualitative factors as well as the
quantitative factors. In cases where qualitative factors cannot be
reduced to measurable units, they should be described verbally and in-
cluded in the documentation of the quantitative anglysis.

Economic analysis may be described as future éniented because it
addresses the use of resources in the future rather then in the past.

The purpcse is to assess future a;ternatives for rescurce applicetions,
not to justify decisions slready made. The future-orientation of economic
analysis does not rule ocut 1ts aspplication to current programs, although
it does make the justifications and past expenditures for such programs
irrelevant. As such, the current mode of operation will often be in-
cluded as one of the alternatives in an economlc analysis. Potential
applications include the following:

® Chdice of alternative proposed programs

® Proposed progresms vs current program

e A current program vs cther current programs

(possible elimination of duplication) i
® Reevaluation of programs in development to' confirm
or deny further development.

The focal point of economic analysis is decision making and selection
of alternative courses of action. Relative cost and benefit among alter-
natives are the criteria for selection, and the precise measurement of
absolute rost and benefit are secondary to the analysis. J. P. Large
summarizes this viewpoint that the basic purpose of analysis is "to provide
‘estimates of the comparative or relative costis {and benefits) of competing
systems, not to forecast precisely accurate costs suitable for budget
administration. In this context consistency of methed is Just ag im-

portant, perhaps more so, as accuracy in some absoclute sense."

—

J. P. Large, "Introduction" in Concepts and Procedures of Cost
Analysis, RM-3589-PR, The RAND Corporation, Jun 63,

3
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The recently issued DCDI 70&1.35, while affirming the importance of
economic analysis in planning and programming, strongly emphasizes its
importance to budgeting, indicating that "project officers and mansgers
should be prepared to demonstrate the cost effectiveness of budget pro-
posals and to submit detailed analyses in support of budget estimates.”
Where an econcmic analysis has been used in helping make a budget declsion,
the submitted analysis should provide requisite documentation. As de-
scribed earlier, justification fabricated after a decision has been made

rust not be confused with economic analysis.

Limitations »

An sppreciation of economic anaiysis involves a recognition of its
limitations as well as an understanding of its ﬁotential applications,
concepts, and techniques. It i3 easy to exaggerate the role that analysis
can play in decision making. Perhaps the best way to counteract this is
- to list some of the things that analysis cannot do.

First, an economic analysis does not make any decision. Its sole
purpose is to help the decision maker choose smong alternatives. This
is done by providing an orderly display of the costs and benefits of
each alternative, the assumptions under which the calculations were made,
and the nonquantifiuble attributes of each alternative.

Second, an economic analysis seldom provides all the information
necegsary to mske a decision. The tools of econcaic analysis are useful
in establishing the economic considerations involved in the cholce among
alternatives, but provide for little other than narrative descriptions
of such considerations as health, welfare, and morale. The decision
maker must interpret the information provided by the analysis in this
light, interject any additional informaticn and considerations, make
value judgments, and finally make & decision.

Third, an economic analysis ordinarily cannct identify an optimal
alternative. Generally an enalyst can only reccmmend the choice of a
particular slternative over all other alternatives considered in the
analysis. This does not measn that thu analyst should passively accept
the alternatives originally established. Often cne of the best ways
that the analyst can contribute to the investment in high-quality pro-
grams is to suggest viable new alternatives.

b4
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LANGUAGE OF ECONOMIC ANALYSIS
The language of economic analysls, to the extent that it differs

from that of every day life, consists mainly of terms from the fields

of accounting, economicr, financial management, mathematics, and statis-
tics. In order to establish a general framework for subsequent discussion,
basic terms are defined here., Other terms, including fhose related to
mathematical and statistical techniques, are defined in later chapters
and/or appendixes.

Economic Life

The economic life of a pfoject is the pericd of time over which the
benefits from a project may reasonably be expected to accrue. Benefits
from a project are limited ultimately by its physical 1life. This is the
number of years a facility or piece of equipment will be available before
it is used up in a physiral sense, that is, decayed or deteriorated
beyond econcmical répair. Physical life may vary significantly depend-
ing upon ugage, suchk as a lathe uséd 24 hours a day vs 4 hours a da&.

The econcmic life of a project is further limited by its technological
life. This is the periocd before which improved technology makes a
building, machine or process obsolete. Although equipment may have re-
meining physical life, it 1s sometimes economical to replace with more
modern equipment.

The economic life of a project may be further limited by military
or political considerations which may suggest benefit accrual fcr a much
shorter period. 1In this case, mission and threats must be analyzed to
determine the economic lives of proposed projects.

Economic life is a determinant of the mumber of years included in
an economic analysis, often called the "analysis time frame." It is
important to make the best possible determination of economic life in
light of a project's physical and techneological lives and associsted
military or political consideration.

Analysis Time Frame

Economic life determines the number of years included in an economic
analysis. Determining the period of analysis for project: with identical
economic lives iz straightforwerd, e.g., equal to the economic .:%e of
the projects. However, the relation between analysis time frame ang




zconomic life becomes less direct when such complexities as different
economic lives for the alternatives., production/funding leadtimes, and

(fielding of alternative components enter into a problem. Existing

guidance documents5’7 addrest the first two complexities and suggest
means of allowing for them in determining s proper time pericd. Section 2
provides detalls and also examines the implications of different time-
phaged fielding patterns of system components for total system economic
life and analysis time frame.
Life Cycle Cost Analysis

Life cycle costing has been applied to military problems involving
total force structures or specific weapon/support systems for at least

the past 20 years—in the earlier years under the name "cradle-to-grave"
costing. The guiding principle of 1life cycle cost analysis is that
projects or systems. potentially pass through three stages-—research and
development (R&D), investment, and operations.

The economic anslysis format promlgated in AR 37-137 requires a
project cost breakdown by year in terms of R&D, investment, and operations.
In g=neral terms, R&D costs precede the procurement of a system. Invest-
ment costs reflect the systems procurement and operating costs represent
the systems. recurring operation.

Life cycle cssting has gained its wide acceptance decause it pro-
vides a useful, comprehensive, and logical framework for developing and
presenting costs. Section 3 illustratea these points and provides fur-
ther discussion.

Benefit Analysis

The purpose of benefit analysiz is to identify, measure, and evaluate
the benefits of prbposed slternatives with respect to one another, Where
possible, benefits are quantified in terms of dollar value., Those benefits
that cannot be assigned a dollar value often can be described in terms
of effec’.iveness and expressed in units that indicate new cr improved
capabiiity. Other benefits that cannot be mesningfully quantified should
be described in narrative form.

7Dept of Army, "Economic Analysis and Frogram Evaluation of Resource
Management,"” AR 37-13, 6 Apr 73.




Uncertaint

The principles of classical economics are predicated on the assump-
tion of perfect information. This implies that all alternative outcomes
are known with certainty. 1In actuality, uncertainty is present in
virtually all decision making‘activities. Economic analysis is no
exception end as a result of its future orientation it is an activity
with a high degree of unc~rtainty.

The énalyst can reduce the level of uncertalnty by searching for new
information or generaﬁing additional information through carefully
designed experiments. Within the practical limits of avallable resour-es,
en attempt should be made to compensate Jor uncertainty. Even after all
efforts have been made to reduce uncertainty, there will still be the
problem of facing the remaining uncertainty. In brief, the analyst's
tagk is to determine how to take uncertainty into account in calculating
and presenting costs and benefits for the alternatives under consideration.

Section 5 discusses this problem further by addressing the issues
of empirical analyses of uncertainty, the need for uncertalnty analysis,
approaches to uncertainty (a forticri, contingency, sensitivity, statis-
tical analysis), and documentation considerations. Appendixes B and D
provide additional explanation, including examples of specific techniques
for handling uncertainty.




2 ESTABLISHING THE ANALYSIS

J

BACKGROUND J | ]

The conduct o\‘ﬁn economic analysis will depend on where in the
Army decision hierarchy the need for the analysis ﬁas recognized, on the ‘
magnitude of the resources involved, and cn the tiﬁe available for com-
pletion. A completed study serves as an informastion document rather
than a decision document. It is useful to the extent that it provides
clear, meaningful, and unbiased estimates of costs‘and benefits of rele-
vant alternatives. ‘

The decision meker can be perceived as the customer of an economic
analysis study and zge analyst as the producer. These are convenient
abstractions since they establish & hierarchy of functions, with the
decision maker approving and us.ng the results of the analysis and the
analyst conducting and submitiing it. The abstractions take on added
meaning when viewednagainst the background of the decision maker/analyst
relationship portrayed in Fig. 1. An individusal, as indicatéé in the
figure, may function as a decision maker (DM) on one level and an;l&st
(AR) on ancther—just as nt certain times he may act as customer and
others as producer.

The present chapter discusses the conceptualization activities ithat
precede major efforts of data gathering and calculastion. The activities
collectively are referred to here as "establishing #he analysis" and
include problem definition, establishment of object&ves, formlaticn of
agsumptions, and specification of alternatives. QuLlity performance of
the conceptualization phase 13 essential to the success of an analysis.
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Fig. l~The Decision Maker (DM)/Analyst (AN) Relationship

Estimation techniques applied to the right problem can sometimes
provide useful resuits, even in the case of severe data limitations.
However, no amount of care in data collection or sophistication in cal-
culstica can compensate for cerelessness in prcblem formulation.

TASKING ORDER
A tasking order is a document that establlishesz the requirement for

an economic analysis study. It 1s approved by a decision maker, sub-

mitted through the appropriate bureeucratic channels, accompenied by

additional guidenve prepared at successively lower decizion levels, and
ultimately forwarded to an analyst as part of a total instruction package.
At a minimm, a tasking order should address the major cbjectives of the
study and the resources, especially time, that can be devoted to conduc-
ting it.

The bureaucratic aspects ars minimized where the decision maker and
analyst have a close working relationship. In some ceses the analyst may

9




participate in drafting the tasking order and documentation may be limited
to & memorandum with brief statementsa of‘objectives and constraints.

Study objectives and constraints can be clarified subsequently asz the

need arises.

Where a close working relationship does not obtain, the decision
maker must rely primarily on the tasking order and scheduled in-process
reviews (IPRs), if any, to help ensure that the economic anslysis study
is investigating the proper questions. To do this, the tasking order -
must present clearly the major study objectives, special guidance and
conastraints, and study time schedule. '

Chapter 2 of the Comptroller of the Army (COA) Costing Methodology
Handbook8 suggests the types of guldance that should be provided to a
cost analy:t by a tasking organization. Although the suggested guidance
i3 limited to that required for costing and envisicna more detail than
practicable for most economic analyses, many of the particulars cited
would be welcome entries in econcmié analysis tasking orders. Examples
include: ;

9 Time allowed for preparation of anslysis
Quantities and/or proposed force structures
Alternatives to be considered in the analysis
Special genasitivity analyses to be performed
Assumptions and general factors to be w;ed in analysis
Treatment of risk and uncertainty
Specification of constraints (e.g., budgetary)

PROBLEM DEFINITION

An Army economic analysis simply does not happen., The need for an
analysis is created when an element in the Army deciaion hierarchy per-
ceives problems in the current ways of meeting a set of objectives and
foresees possible opportunities for improvement. The analyst enters the
plcture when somecne in authority approves the undertasking of the analysis
and issues a tasking order.

Dept of Army, Comptroller of the Army, "Costing Methodology Hand-
book," Apr 71.

10




Polnt of Departure
The tasking order provides a point of departure for the analyst.

The first and, in many respects, most important function of the analyst

is to extract the baszic information from this source, add his own Judg-

ment and expericnce, and formulate an initial problem statement. The

statement must be formulated in such a way that it will facilitate results ~
pertinent to the declsion meker and provide a suitable framework for con-

ducting the aralysis.

Impact on Analysis ,
The initial problem statement always should be viewed as working

guidance to be reviged and expanded in accordance with additional infor-
mation., This in no wey diminishes the importance of initial problem
definition. An improper or a confusing statement prepared at the outset
of the study may lead either to studying the wrong problem or to preclud-
ing considerations of worthy alternatives.

Limits on Problem Definition

There are practical limits on probiem definition. Prcblem statements
must encompass objectives that are conscistent with the policies of the
immediate and higher organizations snd must be formulated so as to keep
the study within me--.-o~ble proporticns. Nevertheless, there is con-
siderable room for innovation on the part of the analyst in all but the
gimplest atudies.

Inadequate Tasking Order

An analrst mey become convinced that the tasking order does not
. address the real problem or addresses only one fucet of a 1argér problem.
In such cases the snalyst either can attempt to subsume the implied prob-
lem statement under an expanded one or cen attempt to resolve issues in
question through ccomunication with the decision maker. The latter course
is attractive and practicable where the analyst and decision maker have

a close working relationship.

OBJECTIVES
Objectives set minimum standards of performance, isolate critical

processes and functions, and set forth relevant time frame considerations.

11




A list of objectives serves two distinct purposes. First, it actas as a

‘ gcreening device, removing from further consideration any proposed lnvest-
ments that do not meet the standards. Secondly, it provides a framework
for developing viable alternatives and for measuring and relating their
costs and benefits. ‘

Relation to Problem Statement and Tasking Order _

Injestablishing objectives the analyst must ensure that they relate
to the problem addressed in the problem statement and not to a nerrcwer
one more readily analyzed. The analyst also must #erify that all explicit
or implied objectives in the tosking order are either incorporated as
study ocbjectives or demonstratively inappropriate. Failure to do so
creates a strong risk of study disapproval and subsequent redo.

Functional Orientation .

To the extent possible the objectives should address the "what" of
a proposed investment rather than the "how." That 11, they should be
oriented to the desired functional cutputs rather than to particular
means of cbtaining the ocutputs. The means are subjects for subsequent
investigation and contribute to the specification of the alternatives

congidered in the analysis.

The analyst must keep in mind that the establishment of objectives
and the specification of alternatives are conceptually two separate
functions. The danger of telescoping these functions into a single step
is that feasible aslternatives may be overlocked. Typically those elimj-
nated would tend to be the more innovative.

Use in Tracking

Analysts, particularly those working as proponents, must puard against
over-optimism in setting of objectives., Objectives should be establlshed
with the view that they will be employed in measuring the success of a
perticular investment and the management of its implementation.9 This
means that the objectives set must be attalnable given such factors as
th2 investment time frame and stete of technology.

9Dept of Army, Office of the Adjutant General, Ltr, subject: "Economic
Analysis of Proposals Supported by Automated Data Systems,"” 27 Jan 72.
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ASSUMPTTIONS
Assumptions are made throughout the course of an economic analysis

study. They are used in defining the study problem, in establishing the
alternatives, in providing means for treating unknown or difficult to
quantify elements, in performing calculations, and in reporting +he stndy
results. The analvst cannot perform a study without assumptions or pro-
vide a complete analysis without listing and justifying all major

assumptlons.
Typea ¢ Assumption

The guidance 1etter9 on economice Analysis for ADP gystems divides
aggumptions into two classes—state-of-nature and matnematical. State-
of-nature aésumptions structure the bounds of the analysis, permit the
analyst to construct slternatives, and, when explicitly presented in the
analysis, permit the decision maker "to understand and question the con-
struction of alternatives and the bounds within which they were considered.
Mathematical assumptions are ugsed in structuring relationships, extrapo-

n9

lating trends, and establishing factor values.

This section discusses the state-of-nature assumptions. State-of-
nature assumptions are broadly defined and can be subdivided according
to several different criteria. The four types described below represent
diffcrent dimensions of the state-of-nature—time, quantity, activity
level, degree of zupport.

Time. Proper determination of the analysis time frame requires
careful attention to several time-related assumptions. The bagic assump-
tions are those of the economic lives of the alternatives and of their
scheduled introducticn into the Army inventory. The impact of thece and
other time-related assumptions on the analysis time frame sre aiscussed
in the following paragraphs.

Time caopsiderations are simplest when:

e All alternatives have a rommon economic life.

® All alternatives are introduced as entitles in "one year.'

¢ Production/funding leadtimes are not of primary conecern.

These conditions are satisfled in many, perhaps the great majority of
econcmic analyses. Where the conditions hold, the mumber of vears in
the time freme 15 a direct function of the assumed econcaie life.

13




e

An example of a simple relation betw2en economic life and enalysis
time frane is provided in a recent economic analysislo of a computer-
assisted inspection and diagnostic system. This analysis, which is the
prime focus of the case study appearing in Vol IV, addressed a proposed
expanaion of the Depot Multipurpose Autcmatic Inspection and Diagnostic
System (DepotMAIDS) at the Letterkenny Army Depot (ILEAD). The expansion
was designed to permit processing of additional types of combat vehicle
engines; the alternative consisted of continuing manual rebuild and
testing of the subject engines. Since the proposed expansion involved
the procurement of additional computer cipability, the analysis time
frame vas set at 8 years—the estimated life for the ADP equipment.

The analysis of alternatives with different economic lives can be
conducted in several ways which depend on the exact nature of the alterna-
tives and the primary purpose of the analysis. Regardless of the approach
taken, an assumption must be made on the terminal value of at least one
of the alternatives—that is, the remaining value of agsets at the end
of the analysis period. This generalization is illustrated below.

The example presumes an analysis in which an alternative with a 10-
year economic life 1s being compared to one with a 15-year life. Two
approaches could be followed in the analysis. Either a 10-year time frame
could be used or a 15-year time frame with the further assumption of two
buys of the 10-year life alternative, Under the first approach it would
be necessary to assume (or compute) a terminal value for the longer-lived
alternative; under the second it would be necessary to provide a similar
value for the shorter-lived slternative. An assumption of zero terminal
value is not only permissible, but in meny cases appropriate.*

lOUS Army Munitions Command, "Automatic Checkout System for Combat
Vehicle Engines and Transmissions (DepotMAIDS)," Dec 72.

*The concept of uniform anmual cost is particularly useful for
comparing costs of alternatives with different economic lives. App A
discusses the concept in detail.
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Produfticn/funding leadtime consiilerations contribnute their own
types of c?mplexity into the determination of analysis time frame. To
over simplﬁfy, the major cource of complexity derives t'rom the fact that
payments rbr goods and services often precede delivery. Thus, costs are
incurred fFr an investment before the investment begins to yleld benefits.

Under such! circumstances the determination of analysis time frame becomes

esgsentially a two-ctep process. The period from the date of delivery to
the end ofgthe ahalysis period is based primarily on econcmic 1life; the

pericd pre%eding delivery 1s determined by the assumed leadtime between

delivery a&d initial production date together with any further leadtime

between initial production and initial funding.*

Section V of the Munitions Command (MUCOM) Economic Analysis Mermall
contains ah excellent discussion of the impacts of leadtime considera-
tions, particularly those related to the estimation of the disbursement
pattern for a given total lesdtime. TFor illustration, the manual intro-
duces a hybothetical construction example involving disbursements over a
3-year period prior to completion of a bullding project. Salient points
are gsummarized in the followling paragraph. 4 ‘

The potential sources for estimatiﬁg the disbursement pattern wvary
in form and in degree of association with the particular construction
project. They include estimates from Army engineers, contractual docu-
ments, and Corps of Engineer guidance. The analyst may be able to.
establish a 3-year disbursement pattern based on projected percentage
completion at the end of each of the first 2 years. On the other hand,
the analyst may be limited to allocating the total construction cost
equally to tke 3 years. It ail depends on the sources available to him

and the detail included.

*Punding, as used here, refers to disbursements rather than cbli-
gatlons. Disbursements represent actual payments, whereas obligations
represent legal cormmitments for subsequent payment.

llArmy Munitions Command, Cffice of the Comptroller, Cost Analysis
Divicion, Economic Aralysis Manual, Mar 72,
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Quantity. This section is directed to high-order assumptions that
impact on equipment, rersonnel, and workload quantities. Examples of
kigh-order assumptions include ones involving force structure 2, {ables of
organization (TCEs), and logistic policies (e.g., those related to field
reserves and depot stocks.) The cited essumptions are particularly cru-
cial to analysis of a weapon/support system such as the Combat Service
Support System (CSB). However, they also affect more limited proposals;
as will be shown through reference to DepotMAIDS.

The division-dedicated CS3 configuration considered in the latest
CS3 economic ana.lysisl2 provides'aq example where general force structure
agsumptions with respect to the number of corps and number of active Army
divisions basically determined the major equipment requiremente—~the‘cs3
sets. Each corps (four) and each division (13) in the assumed force
structure was assigned a CS3 equipment set consisting of a mobile IBM
360/40 computer and eight remote terminals. Personnel requirements were
developed on a more detailed basis, involving construction of a type
corps end line item anaelysis of personnel euvhoriza:ions in divisional
and nondivisional TCEs. ‘

The latest DepotlAIDS economic analysislo {see Vol IV) provides an
~ example where an implicit assumption of no change in the post-Vietnam

Amy force siructure (overell size and composition of combat elements)
underlies the estimnted workloads of combat vehicle engines. After a
scheduled one-time influx of engine assets from Vietnam for fiscal year
1974 (FY74)}, the projected workload for esch engine is estimated at a
lower constant sustaining level for FY75 through FY81.

Force structure assumptions may have a one-dimensional impact by
affecting quantities only. This is essentially the caée for both the
CS, and DepotMAIDS studies. In cther analyses, however, the assumptions
may have a compound influence, affecting both quantity and unit cost.
For such analyses it is imperative to construct a variety of plausible
force structures in order to measure the sensitivity of total cost to

forca structure.

12Office of the Assistant Vice Chief of Staff, Management Information
Systems Directorate, "Combat Service Support System Cost Effectiveness
Update," 10 Jul 72.
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When related, quantity and unit cost are generally inversely related.
That 13; unit cost declines with increasing quantity. Two separate
factors account for the inverse relation. First, increased quantity
often necessitates greater utilization of capacity and a concomitant
spreading of overhead costs to a greater number of units. Second, in-
creased quantity often permits economies (the learning effect) to be
introduced in the production process.

Capacity utilization is a particularly crucial element in deter-
mining the production costs of ammunition. The following excerpt from
a MUCOM publication 13 (reproduced as App E of RAC-TP~hh9lu) summarizes
the situation:

A substantial amount of the production of ammunition and
its components is undertaken in (Government-owned, contractor-
operated) GOCO facilities. These facilities are often operated
at utilization rates far below those found in commercial plants
and thus have a higher overhead to direct cost ratio. When
vroduction of ammunition is at a high level, as it has been over
the last several years (FY69-FY71l), the GOCO plants tend to
operate nearer optimum capacity and thus produce at lower cost.

*

The production costs of military herdware, particularly equipment
items that are large, complex, and subject to frequent design changes,
vary in a fairly regular manner with the cumilative volume of production.
This regularity has been described as "the learning phenomenon” and has
been expressed algebraically and graphically as "the leerning curve."

The learning curve principle is that eaéh doubling of cumulative
production will be accompanied by a constant percentage reduction in
cogt, the rate depending on such factors as tﬂpe of item, closeness to
predecessor items, and mode of manufacture. ;éost under one learning

curve formulation represents the cost of a particular unit (e.g., unit

100) and under a second represents the average cumulative cost

13US Army Munitions Command, Cost Anslysis Division, "A Cost Esti-
mating Relationship for Small-Arms Cartridg. Cases,” Report CAD-71-1,
Feb 72.

lhAlfred D. Stament and Carl R. Wilbourn, "Cost Estimating Relation-

ships: A Manual for the Army Materiel Command," RAC-TP-4h49, Research
Analysis Corporation, May 72.

»*
The lower costs of ammunition cited here, of course, are primarily
a result of Vietnam activities rather than force structure influences.
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(e.g., the average cost of units 1 to 100). Learning curve essentials
are presented in App B; a discussion of wider scope is included in
Ref 14, Part II, Chap. 2.

Activity Levels. Operating costs in many analyses will be highly
dependent on asgsumed activity levels or rates, One of the classic

examples of such dependence is the aircraft system cost-effectiveness
study. A "typical" aircraft system model formulated in one reviewl5 of
cost models includes flying hours as one of the determinants in the
following kinds of cost:

a. Initiél training and travel costs of airframe mechanics

b. Annual replacement and travel costs of airframe mechanics

ce. Annual pay and allowances of airframe mechanics

d. Fetroleuﬁ, oils, and lubricants (POL) initial stockage cost

e. Annual aircraft replacement cost ‘

f. Annual aircraft POL consumption cost

g+ Annual aircraft maintenance parts cost
Monthly wartime flying hours enter into the determination of the first
three cost elements and annual peacetime flying hours into the remaining
four (see Ref 15, pp 25-27).

The dependence of cost on activity rates is obvious in aircraft
system applications and in combat vehicle applications (where miles takes
the place of flying hours as a major cost-driving parameter). It is
difficult to see how an analysis in such areas can be complete without
taking into account ranges of possible activity levels to ascertain the
effect on costs. This line of reasoning is pursued at length in Section &4,
and methods are discussed for examining the sensitivity of ccsts to
assumec activity rates and other parameters.

Analyses frequently are based on the assumption that current (or,
perhaps, Vietnam-free) activity levels will continue into the future.

15

5Alfred D. Stament, "An Individual System/Organization Cost Model,"
RAC-TP-183: Vol IV, "Review of Selected Applicaticns," Research dnalysis
Corporation, Dec 67.
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The CS3 analyses implicitly assume continuation of the current level of
activity. The latest DepotMAIDS studyloaddresses activity levels at

LEAD as follows:
It is assumed that the level of activity will increase

due to a large influx of assets from Vietnam in FYTL4 and

then sharply decrease to 2 sustaining level of peacetime Army

in ¥YT5 and out years, and this level is reflected in the

published [FY75) workload projection data.
Implicitlt, the postulated LEAD activity levels for FY75 and beyond
assume constant annuasl peacetime operating rates for combat vehicles and,
as previcusly indicated, a stable force structure.

Degree of Support. The out-of-pocket costs required to implement
a proposed investment are reduced to the extent that the investment can
make use of inherited assets, i.e,, existiné facilities, equipment, and

personnel. They 2lso are reduced to the extent thut required activities

can be performed by exlisting organizations or Iinstallations. This might
occur in the area of administration, for example, where an activity is
scheduled to be satellited on a host installation.

Guidance7 concerning inheritance of physical assets and imputation
of any costs therefor 1s explicit, as is shown in the following excerpt:

The investment for a given project may consist of assets

to be acquired plus 2xisting assets, l.e., assets already on

hand. However, the value of such existing assets will be

included in the investment costs only when the existing asset

is currently in use (or has an alternative, planned use) on

some other project or is intended for sale. When such alterna-

tive use of the existing asset result in a cash outlay for some

other project which would otherwise not be incurred, or will

deprive the Government of the cash planned to be realized by
sale, the value will be included in the analysis.

Guidance7 regarding personnel inheritance and associated cost con-
sequences 1s less straightforward and comprehensive, being limited to
the statement that all training and retraining cests that occur which
would not have accrued without the investment should be included as a
cost of the investment.

Degree of support assumptions of a different kind from those
described previcusly are used frequently to set bounds for an analysis.
The need for such assumptions arises from the fact that the direct
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operating activities of a proposed investment are facilitated by sup-
port activities, that these support activities, in turn, receive support
from other activities, and so on ad infinitum. Where the support activ-
ities can be reascnably assumed to be common to all alternatives in an
analysis, the support can usually be omitted from the cost and beneritl
determination. Support peculiar to alterﬁatives was¢ be considered in
the analysis.

Facts va Assumptions
In preparing an economic analysis it is important to distinguish

-assumptions from facts and to label each properly. The validity of an

analysis ie in question when assumptions zce confused with facts or
assumptions are used to ease the preparation burden when, with research,
factual data could be obtained and presented.

The posaibility of replacing an assumption by facts gained through
resea;ch is 1llustrated in the following excerpt from the Departmesnt of

Defense Economlic Analysis Handbooklz

If [for example)] we are considering landfill as an
alternative to solving a disposal problem stemming from
increased waste, we might include ¢n the stady, the assump-
tion that sufficient land for this -reration is available
within a 20 mile radius of the installation. However, in
this particular instance, there may have been no obstacle
preventing us from the research necessary to present this
element of data as a fact rather than as an assumption,

Making Assumptions Explicit .

Dnplied assumptions as well as explicit ones impact upon a atudy.
An implied decisjon is often introduced when several different courses
of sction are open and a decision is made to proceed in one direction.
Such a decision may be errcnecusly accepted as a kncwn quantity when
it is res.ly an assumption.

The aralyst should 113t assumptions as they are made and review
them frequéntly Jduring the course of the analyais. One of the payoffs
of frequent reviews 1s the disclosure to the analyst of any implied
assumptions that have been employed. When identified, such assumptions
should be made explicit, questioned as to acceptability, and, where
acceptable, supported, The final econcmic aralysis documentation
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chould explicitly disclose all major assumptions so that the decision
rmaker and reviewers will be able to ascertain the basic ground rules on
which the study results are based.

Sources and Justifications of Assumptions. Ascumptions must be
based on sound rationale and Justified as part of the analysis process.
For excmple, 1f an agsumption is made that 4{he economic life of an
elternative is 15 years, this time frame must be supported. The jJusti-
fication might be along the following lines: "Current R&D efforts will
advance technology to the point where the process can be eliminated at
the end of 15 years.” To take another example, an assumption that the
cdministrative loed of a proposed sstellite activity could be handled
ot "no cost” by the host installation might be justified by showing the
ratio of propozed activity personnel to totel existing installation

personnel.

Justification in many cases may mean no more than a reference to
tiie inclusion of the asgumption in the tasking order or to compliance
with a proper guldance document. For example, an economic life assump-
tion of X years for an elective component in a radar system might be
justified by citing the manufacturer’'s standard of estimated life expec-
tance. The availability of the standard does not alter the fact that
an agsumption i1s made concerning economic life.

Previous sctudies, spproved recurring reports, and cost factor pub-
11cution316’17 facilitate the preparation of an economic analysis, per-
mitting the analyst to focus major sttention on the construction of
alternatives and importent areas of uncertainty. The primary concern
in using these sources is to ensure that the basic data or ready-made
factors are appropriate to the problem at hand. Among other things this
requires a close examinuiion of the assumptions used in the sources.
Those assumptlons that contribute materially to the results of the
cconomic analysis should, of course, be prominently displayed in the
final documentation.

160ept of Army, Compiroller of the Armmy, "Army Force Flanning Cost
Handbook (U)," Oct 71.

Yhoris C. Berger, John O'Flaherty, and Joseph String, Jr.,
‘Splected Uniform Cost Factors: A Manual for the Army Materiel Cowmand,"
RAC-TP-L51, Research Analysis Corporation, Jun 72.
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Roles and Limitations of Assumptions. Assumptions are properly

used to narrow the scope of a study. They should be examined, however,
to determine whether they unduly restrict the study by eliminating
possible significant alternatives or by narrowing the scope of considera-
tion to the‘point that conclusions drawn from the study are in error.
Assumptions should be limited to areas in which it is either not feasible
or not possible to obtain facts.

Assumptions designed to narrow the scope of an analysis are main-
tained throughout the analysis. Other assumptions, however, are made
with the deliberate intention of being changed during the analysis. The

use of variable assumptions has a twofold purpose. From an operational
viewpoint their use permits the analyst to focus on & set of manageable
subproblems, cne at a time, From a study results viewpoint; their use
is essential to any investigation of the dependence of results on'under-
lying assumptions., Procedures for investigating such dependence are
discussed in detail in Section k,
ALTRRNATIVES

There is normally more than one way to achieve a given mission or
activity. The various means that compete with one another are referred
tc as alternatives, BExisting systems and policies, the initial problem
statement, and the experience of the analyst provide a starting point
for the development of alternatives. As the analysis proceeds, the
alternaﬁiveﬁi%ill become further defined, or perhaps discarded in favor
of nevw altergbtives.

Where afpropriate, the choice of maintaining the current system
(the status qluo) should be considered. It may be the best way after all,
and even though it may only minimally accomplish the mission, it is
important to show its status as an alterpative. It will be beneficial
later if ancther alternative is selected to show ta2 comparison between
the old capability and the proposed alternatives. The current system
also may form a part of ancther alternstive and should be considered
there as well.
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The decision maker can coasider only those alternatives addressed
in the analysis. His declsion can be no better than the alternatives
presented for choice. The analyst's task, therefore, is to construct a
meaningful range of feasible alternstives for the decision maker's
consideration. Feasibility is determined by whether an alternative
satisfies all study objectives, assumptions, and constraints. Imagination
and careful attention to objectives go a long way towards Jdetermining

g the proper range of alternatives.

Base Alternative

An economic analysis always addresses at least two alternatives, one

of which 1s usually the existing system or an dpgraded version. The
alternative that most closely approximates the existing system should

be formulated as the base case or status quo. The base alternative, its
benefits, and its costs will then serve as common reference points in

the analysis. The interrretation of venefits and costs of all cther
alternatives, perhaps even their derivation, will depend on the particulér
base case gelected for study. It is crucial, therefore, that the analyst
constructs a proper base,

Specifying the Base. The term "specification” refers tc the process
of determining the facilities, equipment, and manning requirements for
an alternative, Ideally, specification should be in such detail that

* ‘ important diffzrences between facilitles, between items of equipment,
and between personnel are isolated, while unimportant differences are
ignored. In practice it is often found necessary to specify at a more
aggregative level than is desired. Frequently, the data on which cost
factors and cost estimating relationships (CERs) are to be based set a
practical limit to the level of specificatlon.

Specifying the status quo is intuitively simple. However, proper
specification of the base frequently will take considerable time and
involves subjective judgments on the part of the analyst. In some analyses
the specification of the base may prove as difficult as that of a pro-

. . posed alternative.
* : Feasibility of the Bage. The base, like other alternatives, must

be examined for feasibility. If the formulated base is not capable of
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meeting thz objectives within the study assumptions and constraints, the
analyst should address the changes necessary to meet the objective.,

The base alternative must be one that the decision maker can logically
choose. ’

It 1s realized that in upgrading the base or in altering assumptions
and constraints the analyst may be moving close to the decision meker's
prerogatives, Where such actions appear in conflict with the tasking
order, the analyst should attempt to resolve the issues with the decision
maker. That failing, full and carefully presented ratiocnale for following
the particular course of action should be included in the docﬁmentation.

Prcposed Alternatives

The proposed alternatives in an econocmic anelysis derive from two
main sources. Some will be included in the tasking order. Often such
alternatives have been put forth by proponents with the expectation (or
hope) that they will be found economically supsrior to the stacus quo.
The other source of alternatives resides in the skill and experience

of the analyst. .

Specification of Alternatives. The importance of defining alterna-
tives cannot be overemphasized. The decizion to selret an alternative
can be no better than the alternatives presented to the decisicn meker.
Even though the proposed alternatives in the tasking order may be demon-
strably superior to the current system, it does not follow that they are
superior to other feasible alternatives that the analyst might construct.
As one scurcelz has succinetly stated, "The substantive quality of the
analysis depends on postuléting feasible and imaginative alternatives."

It is the analyst's job to propose new ideas and new alternatives.
The traditional, conventional, or seemingly most plausible way of per-
forming & task is not the only way. As more is learned about the are§
of concern, more alternatives should suggest themselves. Throughout the
'study the analyst-should remein flexible with regard to acceptance of
new alternatives and discarding of old ones.

In certain studies it may be appropriate to consider the capabilities
of other DOD camponents or Federal agencles to meet Army requirements.
A study of meeting data processing needs, for example, might properly
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congider an option establishing a regionul computer system to service
the data processing needs for anAArmy installation, offices of the Federal
Aviation Administration, and offices of the Interior Department.

For other studles, it may be appropriate to conslider various mixtures
of Army systems as alternatives. For example, in comparing transportation
syutems, several alternatives for surface transportation might be formed
fyram different combinations of truck, rail, and water modes. Similarly,
alternative proposasls for increasing the productivity of a supply system
might include different ncmbinations of automated and manual subsystems.

Identifying Prcblem Areas. Alternative specification is not merely
a tallying of hardware and personnel requirements. It is also a great
opportunity for the analyst to inquire into the major uncertainties sur-
rounding an alternative. Descriptions of proposed sysfems and their
caabilities, whether prepered by the analyst himself or produced byv
proponents, invariebly stress the positive. During the specification of
an alternative the analyst should pose a series of "what if" questions.
These can provide insights into how adaptable the aslternative might be
to a variety of unfaversble clrcumstances., As discuased in Section L,

i ; crucial "what if" questions should be absorbed into a formal uncertainty

analysis,.
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3 COSTs

INTROCUCTION

Economic analysis involves the agsessment of both costs and benefits.
This section discusses costs, and Section k, which follows, discusses
benefits. In general, cost analysis is concerned with resource inputs
and benefit analysis is concerned with resulting outputs. Using this
delination, the cost and benefit components of economic analysis may be
characterized as follows: ,

Cost analysis is a systematic determination of the real resource
requirements (personnel, equipment, and facilities) of all candidate
alternatives and the translation of such requirements into estimated
dollar costs.

Benefit analysis is a systematic determination of the ocutputs of
all candidate alternatives. Where possible, the ocutputs are gquantified
in terms of dollars, performence indicators, or physical measures.
Narrative descriptions are provided for nonquantifiable benefits.

The sulbigections which are discussed in this section are cost concepts
and definitions, methods of estimation, system development considerations,
data considerations, and cost mcdel considerations. Section 4 presents
a parallel treatment of benefits. Problem areasbin both cost and bdenefit

are identified even where ready answers are lacking or incomplete.

CONCEPTS AND DEFINITIONS

While there are several concepts of cost, only the primery cost con-
cepts need to be mastered in order to provide a background for economic
analysis applications. The primary concepts are discussed here. Defini-
tions of additional terms are provided ir App B.
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Opportunity Cost

Resources used in one activity cannot be uszed at the seme time in
another. The value foregone from using the resource in an alternative
uge is referred to as opportunity cost. Thus, the opportunity cost of
the steel used for making tanks is measured by its unavailaebility for
making automobiles. Similarly, the opportunity cost of the synthetic
fibers contained in a aoldier'é uniform iz measured by its unavailability
for a party dress.

Price. Under the idealistic conditions of perfect competition in
factor and product mu“xets, the price oY a commodity may be used to
measure its opportunity cost.lg For example, under conditions of perfect
competition the price of a ton of steel would exactly measure its common
value in the production of tarks and automobiles.

Price Levels. Prices for goods and services vary over time and
geogrephical area. A price index is a summery number that reflects a
price level change from one period or.place to another. The use of a
common base provides & means for meking dollar totals of different years
or places comparsble. Generally speaking, the analyst will be more con-
cerred with time-based price indexes than with gecgraphical ones. The
latter are of importance In certain areas such ag construction, however,
and are the subject of a special AR.19

The sample indexes for ofﬁaanée and related accessories published
by the Weapons Command (WECOM) will be used in the succeeding paragraph
to illustrate the general relation between price level and price index:

20

Year Labor Index Material Index
7

1960 100.0 100.0

1961 10L4.1 99.0

1962 106.5 98.9

18§&u1 A. Samuelson, Economics, 8th edition, McGraw-Hill Book

Company, New York, 1970.

19Dept of Army, "Empirical Cost Estimates for Military Construction
and Cost Adjustment Factors,” AR 415-17, 26 June 1972.

Eous Army Weapons Command, Cost Analysis Office (AMSWE-CFD), "Infla-
tion and Military Price Indices,” Publication No. 70-21, November 1970.
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The price index for the base period is defined as 100 and all other
indices are interpreted with respect to the base. Ir this example the
base year for the ordnance indexes is 1960, as shown by tbz 1960 index
value of 100.0 for both labor and material. The labor index of 104.1
for 1961 indicates that the price level—or esverage prices paid for a
common amount of labor in ordnance proiuction—would be 4.1 percent higher
in 1961 than 1960. Similarly, the labor index of 106.5 for 1962 indicates
that a common amom::: of labor would cost 6.5 percent more in 1962 than '
1960. In tnis example the material index is smaller in each successive
year. This implies that the average price for materials is declining,
e.g., the price of materials in 1962 is 1.2 percent less than in 1960.

The terms "constant dollars" and "current dollars" are frequently
encountered in economic analyses. Constant dollars refer +o0 real value
over time, or the measurement of value over time with a correction made
for price changes. On the other hand, current dollars refer to values
whicn are uncorrected for price changes. For example, if it is assumed
that the average hourly wage rate was $3.48 (current dollars) im 1960
and the average hourly wage rate was $3.85 (current dollars) in 1962,
then the real wage rate or the wage rate in constant dollars {base 1960)
for 1962 is $3.62, e.g.,

(3.85 )'E_llo?s = $3.615

Constant dollars sre measured in terms of real purchasing power with
respect to a specified base year. The formula for converting current
dollaras into constant dollars is

price index (base)
price index 't)

Censtant dollars (period t) = current dollars x

Imputed Costs. Payments are made for acquisition of all new resources.
An activily, however, may make use of existing assets as well as newly
acquired ones, The use of existing assets raises two questions. Should
an activity be charged with an imputed cost for the utilizaticn of such
agsets? If so, what determines the cost mmgnitude?

AR 3‘7-137 guidance on thegse questions reduces to an affirmation of
the opportunity cost concept. The AR states that an imputed cost should
be added to the investment costs of an activity wherever the asset has
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an alterpative use. The value of the asset in the alternative use, in-
cluding any expected return from asset disposal, establishes the imputed
cost. Although not specifically sddressed, the imputed cost should be
set at the highest value when there is more than one alternative use for
the asset.

Residual Value. A project may have several aﬁsets that are expected

to physically outlive the project's economic usefulness. The value of
these assets, if any, at the end of project life is independent of what
the assets originally cost. The residual value is the net value of the
agset i~ the most favoreble alternative use ai‘ter allowance for any
necegsary costs of dismantling and removal. |

AR 37-13" directs that emy estimated resfhdﬁal value of assets should
be treated as an offset to the cost of the prbject for which they are
originally intended. The residuel value must be properly discounted to
e present value amount and sﬁpported with justification.

Present Value

In every invesiment, explicit recogniticn should be given to the
fact that a dollar today is worth more than a dollar to be received
sometime in the future. Present value celculations provide a means for
comparing dollar amounts recelved or expended }n different years. Funda-
mental to the concept of present value is the fact that money has time
value. Like all resources, money is productive and becsuse there is a
strong preference for having a dollar today as compared with having a

dollar at some future time, payment of interést is required for the use
of money. The interest rate is the necessary iool for converting costs
and benefits occurring ~t different points in time into an equivralent
cost and benefit occurring at the present time.

The technique or calcuiations required to determine the present
value of a cash flow is called discounting. The term comes from the
fact that an amount in the future is discounted back to some lesser
present value (remember a dollar today 1s worth more than a dollar
sometime in the Tuture). The mechanics of discounting are described in

the Discounting section of App A.
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The interest rate used in the calculation of present value is nor-
mally determined in one of two ways. The first is simply the coat of .
capital method. This is the rate which a borrower is charged in order
to use a lender's money. The second method is called the opportunity
cost of capital. This situation is used where the capital to finance a
project 1s held by an investor and does not have to be borrcwed. 1In
this case, the interest rate is determined as that rate which could be
received if the same money were lent or invested rather than used to
finance a particular project.

Economic analysis guidancel specifies the use of a 10 percent
interest rate in present velue calculations for all but a limited number
of Army investments. This rate is intended to répreaent the opportunity
cost of capital in the private sector of the US ecoucmy.2 That is, the
returns that are foregone by investing in Federal projects rather than
private projecta. The rate is not intended to incorporate considerations
of uncertainty or of inflation, but just the time value of money to the
Federal government.

The general formula for calculating the present value (PV) of A
Jdollars t years from now at a constant interest rate i compounded annually

is as follows: A
Vo= (14t
For example, the prescnt value of $121 to be received in two years is
$100 if an annual rate of 10 percent is used. -
121

100 = (14.1)2

The underlying rationale is that if $100 were invested today at an annual
rate of 10 percent for a year and the principal and interest subsequently
invested for another year, then the total return at the end of two yearsl
would be $121.
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“here the alternatives being ccmpared have differing economic lives,

the direct comparison of present value costs will generally identify the

longer-lived alternative as the more expensive. Restricting an analysis

to comparison of present value costs would clearly involve placing a
A measure of the average cost

penalty on the longer-lived alternacive.
Thig average

per productive year is needed to compare the alternatives.
cost 18 referred to as the uniform annual cost.

Uniform Annual Cost _
The concept "uniform annual cost" assumes that the discounted present

value Of projected costs can be uniformly distributed over the useful
Uniform annual cost should be used whenever
Uniform annual cost is ob-

life of the investment.
alternatives have different project lives.
tained by dividing the total present value cost by the sum of the discount
factors for the years in which the slternative ylelds benefits. The
alternative with the smallest uaiform annmual cost is assumed to be the
least costly alternative. Comparison of the present value costs of
alternatives with different project lives 1s never appropriate; the only
valid comparisons are those on the uniform annual costs. Appendix A
" discusses the uniform annual costing method and illustraotes how it is
derived from present value costs.

Future Costs vs Past Costs

Economic analysis is concerned with the future costs of alfernatives.
Future cost estimates present the decision maker with the expected cost
Past costs are beyond the ‘

consequences of making various declsions.

reach of any decision that might be made.
Incremental Marginal Costs. The incremental (marginal) costs of an

alternative consist of all costs which are directly attributable to the
implementation c¢f the alternative. Costs which would have occurred
regardless of whether or nct the alternstive was implemented should nct
be included. From the standpcint of planning, all incremental costs are

future costs.
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Sunk Costs. Sunk costs are the costs that have been expeaded prior
to the beginning of the study time frame. They should not he included
in & cust comparison, but should be shown separately as supplementary
information. For example, if two alterunative communicsiions systems are
being considered for development and $2 million of R&D funds have been
spent on ocne of the alternatives, vhile no funds have been spent on the
other, then the $2 million expenditure is sunk and should not be included
as cost when comparing'the.two alternatives. .

Cost Estimating. Past ccsts are of vital interest to the analyst.
Cests experienced in the past provide the most reliable means for gener-
ating expected future costs. Generally the analyst will have to expand
his investigation beyond the alternatives being considered as cendidates
in the economic analysis in order to develop meaningful cost estimates.
Collection of cost data on the status quo, though egsential, may nct be
sufficient,

Iife Cycle Costs

The life cycle costs of an alternetive include all assoclated costs
Zrom inception through implamentation and cperation. Life cycle costs.
are categorized on the basis of research ard development (R&D), invest-

m;nt, and operating costs. Definitions of these basic cost categories
follow:
Research and Development. Includes all costs necessary to design

a project or system and to perform development testing. BR&D costs en-
compass efforts devoted to components and to their integration into an
overall project or system. .

 Iavestment. Includes all costs required to introcduce a fully de-
elened project or system into operation. This category includes all
nonrecurring (i.e., one-time) costs incurred in the acquisition of
equipment, facilities, supplies, and services. This restricted defini-
tion of investment should not be confused with a broader usage employed
in Army guidance. Investment in the brosder sense means any future

utilization of resocurces.
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Dperating Costs. Includss all recurring costs asscciated with the
compensation and training of personnel and the operation and maintenance
of plant and equipment.

(ogts - Current Dollars vs Coastant Dollars

Pagt costs reflect the prevalling price levels of the years in which
the costs were experienced. Price indexes are used to remove the dis-
turbing influences of general price movements. Originsl or unadjusted
past costs are referred to as current or nominal costa, whereas those
that have been adjusted through application of price indexes are referred
to as constant or real costs. Constant costs are always based on price
conditions that existed during some selected time period, generally a
selected yeer. '

The propriety of using empirically derived indexes to adjust his-
torical cost date 1s universally recognized, although differeaces of
opinion exist on how to conatruct a proper index and on the extent to
which indexes developed from the private sector are appropriate for DOD
expenditures. The use of projected indexes to convert constant dollar
estimates to current dollar estimates for future years, on the other
hand, has led to considerable controversy and ccnfusion. Here future
price movements are forecasl rather than pest movements meagsured.

The economic analysis guidance5’7 is firm and clesr on the use and
limitations of projected price indexes (inflation rates) for future '
years. Evaluation of alternatives is required, using the genersl pur-
chaging power of the dollar existing at the time the analysis is prepared.
It is mandatory that the principle evaluations of the alternatives be
based on constant (uninflated) dollars. However, supplementary analysis
using current (inflated) dollars is encoursged where "in{lation is con-
sidered important to the conclusion of tke study."s

METHODS CF ESTIMATION
A variety of methods 1s available for estimating costs. Some of the

important methcds are discussed in this subsection and are as follows:
coat factors, cost estimating relaticnships (CERs), enalogy costing,
industrial engineering costing, arnd expert opinion coating.
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Coot TFoctors

A cost factor 1o "o single multiplier such as a cost per unit of
rogoures, or a ratio rolating the cost of & portion of a system to the
coct of another controlling porticn of the system.">l The majority of
coot cotimates ere mode by epplylng cost factors.

Cost fectors include everages derived by the analyst from empiriecal
records, planning factors published in speclal handbooka,16’17 and
gtondor® prices listed by the Armygz or contractors. Examples of operat-
ing rotes end POL cost factors from Ref 17 follow:

ML1341 ermored personncl carrler average mllezc per year = 1572

ML1341 gallons per mile = .62
Army stock fund price per gallon for diesel fuel - $0.12
Ground equipment nonfuel POL costs = .08 x ground equipment fuel costs

The use of the above operating data and cost factors in estimating the
ennual POL costs for an MiL13A1 follows:
Anmual M112A1 PCL costs = 1572 x .62 x $0.12 x (1.08) = $126

Cost Estimating Relationships (CERs)
A cost estimating relationship is an equation that relates costs of

en item or an activity to one or more physical or performance character-
istics. The CER development process consists of three distinct phases.

These are 1) identifying a population of related items or activities;
2) collecting historical data [e.g., cost, performeance, technical
charecteristics, and program datao on each member of the population];
end 3) deriving a generalized relationship through statisticel techniques.
CERs for the most part ere developed through application of standard
regression analysis (see App C).

One of the most challenging aspects of CER development is the iden-
tification of logical cost-driving explanatory variables and the formm-
latiocn of the underlying mathematical relationship between cost and the

selected explanatory veriables. Stoment and Wilbourn discuss these

subjccts in detadl'® (scee pp T1-1-35 to II-1-36).

dlBruce H. Baker, “Improving Cost Estimating and Analysis in DOD
ond FASA," Doctoral Discertation George Washington University, Jan T2.

I)
E‘Dﬁpt of Army, "Army Adopted amd Other Items of Materiel Selected
for Authorization,” SB 700-20, 30 Hov Tl.
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All physical and performance cheracteristics regarded az potantial
cost drivers for systems in the CER sample and for future systems should
be evaluated as possible candidate independent variabies. If the coast
analyst i3 thoroughly familiar with the class of systems under investi-
gation, he may be able to select the most apprr-riate characteristics.
In general, hcwever, he should rely on an "expert" in the field, such as
a project manager or ergineer, to assist him in this selection. Often
pecple with a technical orieutition can suggest related variables for
wvhich data might be collected. Thus, for example, velocity might be
congidered as a candidate veriable for missile production costa. In
addition to velocity, it might prove usefuil to have related measures
such as =ngine thrust, total impulse, and the ratio of total impulse to
weight.

Depending on the particular application, there may be independent
variables other than physicsl and performance cheracteristics that might
be gignificant. For investment CERs, variasbles such as total number of
production unite, production rate, and mumber of prototype units produced
are possible candidates. For operating CERs, vehicle age and cumlative
operating hours or miles are possibilities. Also, the geographic ares
of operation could be an important variable becsuse it might'lead to a
stratification of the sample.

An 2xample of a digital computer CER developed jointly by personnel
from the Electronics Command (ECCM) and GRC follows:

C =105 +2.90 A + .157 S + 709 (-%)
where C = cogt in thousands of dollars,

A = number of hitc accessed per memory cycle time (bits per

microsecond ),

S = core storage size (thousands of bits),
T = fixed-point add time (microseconds).

The CER was developed on the basis of 11 third-generation computers.
The CER accounted for over 95 percent of the total variation of cost for
the sample computers. Further details on this CER and a related one
bazsed on the same sample are provided in Annex A2 of Ref 14,
Apalegy Costing

Analogy costing has been used in Army applications more than costing
through CERs. The simplicity of the approach relative to that of CERs is
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undoubtedly one of the reesoas. Ancther is that analogy costing often
can be applied where devalcpment of CERs 13 impossible or not warranted
from the viewpoint of time and cost. The analogy apprcach can be used
to estimate the cost of any equipment item provided that techpnical speci-
fications can be secured for a single comparsble predecessor. Cost and
technical data on several predecessor items would have to be collected
in order to develcp a reliable CER. .

The analogy approach typically assumes that cost is proportional to
the magnitude of some technical characteristic. For example, a dcubling
of weight is assumed to double cost. In ome application23 POL cost per
mile was agsumed to be proportional to the mumber of cylinders in the
vehicle engine. The mumber of cylinders in the'Sheridan engine and in
the proposed engine for the austere combat vehicle (MICV) were combined
with POL experience data for the Sheridan to estimate POL cost for the

MICV as follows:

#_englnes MICV |
¥ engines Sheridan x POL cost Sheridan = estimated POL cost MICV

% x $.0670 = $.0893.

"Industrial Engineering Costing

The industrial engineering approach to cost estimating is used !

primarily to estimate hardware production costs and involves the consoli- ‘
dation of separately developed cost aestimates formed from detailed analyses‘
of work processes, material, and item dimensions. The approach is feasible
only when technical data packages and drawiggs are in hand; it is time-

consuming and exacting even when such equipment descriptionz are available.

In the industrial engincering approach the total production process
is divided into work segments. The direct costs of each work segment are
then calculated by applying current cost factors to the ectimated labor
and material requirements. Typically, overhsad and asgembly costs axe
based on the work segment resource requirements and/or estimated vosts.
Such diverse costs as tcol maintenance, quality control, and zanufacturing
research in certain applications may ultimately relate ba:k to the basic
direct lakor estimates.

23Lt W. A. Holman, "Anmual Operating Costs of the Austere Mechanized
Infantry Combat Vehicle (MICV)," WS-103-71 US Army Field Operating Cost
Agency, Nov 70.
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Procurement personnel and members of "ghould-cost® teems may find

? themselves frequently involved in industrial engineering cost estimating.
Tke approach, however, would appear to have limited zpplication in eco-
nomic anelysis. Generally, the analyst would have neither the necessary
information nor time to develop true englnee-ing estimates. Make or buy
studies (for example, production of emmunition in arsenals or purchase
from commercial producers) may be one area where industrial engineering
estimates would be appropriate. :
Expert Cpinion Costing

Expert opinmdon costing may be viewed as the primiiive spplication
of formal costing methods by an experlenced individual. For example,
the procurement officer on a military installation gﬁins an intuitive
gsenge of the cost of supplying the ilnstallation with certain line items
over time. While he may rot go through the formal steps of analyzing
cost and requirements, his experience may be adequate to provide reliable
cost estimates for similas operations &t another installation.

It ig argusble whether expert opinion or Judgmental costing should
be considered as a separate method of cost cstimsting. However, it is
appropriate to mention 1t, and 1t can be distinguished from paramefric
cust estimating in that the latter is accompanied with supporting infor-
mation regarding cost, performance, physical dimensions, or other speci-
fications. '

SYSTEM DEVELOPMENT CONSIDFRATIONS

The feagibility and propriety of using the different types of cost
estimating methods are determined by the availability and quality of
input data. Tﬂese, in turn, depend primarily on the stage of development
of the subject system or systems. Figure 2 deplcts some useful generali-
z;tions that can be made concerning stage of development, input data, and
broad type of cost estimate.

Figure 2 suggests a tendency for the quantity of hard input data
{supportable numbers vs guesses) to grow as the system passes from the
conceptual stage to the operational stage and a concomitant tendency .our
data uncertainty to vary in the orposite direction.. As the system moves
toward the operational stage, luss rellance can be placed on opinion and
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parametric estimates and more on industriai engineeriug estimates or even
actual system operating data. Tha areas in the rectangles on the right-
hand side of the figure give some idea of the use of the different types
"of "cost estimetes" by stage of sysiem development.

DATA CQNSIDERATIONS

Cost and technical data for a study are generated from three general
: sources. Thesgse include existing»studies and management.documents, operat-
ing reports from existing information systems, and field or test results.

Stage Data Quantity Data Uncertainty Estiosting Methods

( Conceptual Opinlen Paramatric
) * T R ——
‘ ( Production E Faramstric Bngineer, g
é Opezatioml Par. Enginver. Actual

Fig. 2~FRelation of Development Stage to
Data Inputs and Estimating Methods

E

Cost Sources

Studies and Documents. The primary concern in using existing studies

or management documents is to ensure that the basic data or ready-made
factors are appropriate to the currani study. This cannot be done ade-
quately on the basis of similarities in nomenclature. Appropriateness
can only be dctermined by thorough examination of descriptions and cal-
culating methl.ds provided in the source publications. Obviously if the
analyat is ua-atisfied with the documentation or methed of calculstion
for a given irformation element, the source should not be used for that
element. |
A second concern with published scurces is whether or not the data
are current. Cost data have a tendency to become outdated rather quickly.
Thus, even though a source properly identifies the composition and method
o, of calculating a vost factor, the factor might require updating to be
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useful. Wkesre a question of updating arises, i1t is often best to contact
“he originating agency to ascertain the possible need for and avellability

of updated information.

In addition to spacial cost handbooks (e.g., Refs 16 and 17) and
exlsting studies, the following types of documents contain cost data and
factors:

Contract files
Cost Information Reports
Procurement Information Reports '
Army catalogs
Army Materiel Plan

o Commercial price lists
Each of these sources is discussed in Ref 14 (Part II, . ap. 2) and
exemplified to the extent possible by the field work underlying the
study, by reproducticn of report formats, and by inclusion of extracts
from the COA Methodology Handbook.g The COA publication also contains
discussions of additional sourres, particularly those relevant to the

early planning stages (see Ref 8, Chap. 3).
Operatinz Reports. Most information systems are established to

serve the needs of managers of operational activities such as maintenance
and supply, or for financial conirol, or for a staff activity such as
personnel. The reports from these systems do not necessarily lend them-
selves to the needs of the economic analyst. Eﬁperienced analjata should
find little trouble agreeing with the following observations from Jesticegh

It appeara that in every study we've done, whether
it is in the education, military or mining fields, the
data that are available rarely address themselves to the
fundeamental questions that are required in decision-
making. The data are gathered because someone developed
a lot of enthusiasm about collecting this type of data.

Despite these limitations, standerd operating reports are useful
during the performance of an econcmic analysis. The reports required

EhAaron Jestice, "L..2 PATTERN Methoa and National Defense Require-
ments,"” Rose Glubin, ed., Office of the Assistant Secretary of Defense
(Ccmptroller), Benefit/Output in Economic Anslysis in the Department of

Defense, Jan 73, rp 55-83.
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under AR ?1.8-325 provide a cage in point in the ADP area. These reports
were used in the CS3 econcmic analyais gtudies and are referenced in

Vol IV. Maintenance reports such as those published by the Logistic
Data Center and Depot Maintenance Control Center are additional examples.
These are discussed in Ref 14 (pp II-2-26 to II-2-28).

AR 335-1126 provides a list of recurring reports by initiating agency.

Each repoft title is accompanied by information on the frequency orf prep-
aration, implementing directive (for example, AR, DODI, letter), and
preparing sgencies. The analyst should familiarize himself with AR 335-11
and the types of reports submitted in his functional area. This means
examining directives and sample reports. When a study assigmment arrives,
the analyst who has done his homework in these areasvwili be in a better
position to Judge how much assistance can be expeéted from recurring
reports.

. Field or Test Data. In many studles it is necessary to secure
field or test data to properly campare costs (and benefits) of system
alternatives., Planning, collection, and analysis of such data is typi-
cally time-consuming and expensgive. Succeeding parsgraphs address
gseveral considerations that should be kept in mind when planning for the
collection of "original data.

The analyst should first convince himself that the data elements
under counsideration are important enough to the econcmic analysis to
warrant the special data collection effort. The purpcse of the analysis,
it must be remembered, is to aid in the selection of the best alternative
rather than to strive for cost accurscy per se. Specisl collection
efforts thus should be limited to those activities and costs where con-
siderable differences among alternatives are expected.

When a special data collection effort has teen judged worthwhile
and capeble of being accomplished in sufficient time for application to
the problem at hand, the analyst must then:

25Dept of Army, "Automatic Data Processing Manogement Information
System," AR 18-3, 10 Nov 71.

26bept of Army, "List of Approved Recurring Reports,” AR 335-11,

T Jun 1972.
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Define exdctly what each element includes and excludes.
Outliae how each element is expected to be collected.
Determine the requizite sample sizes for statistical significance.
Determine where the data should be collected.

Sampling and experimentsl deaign concepts are discussed in Section 6.
The analyst should familiarize himself with these considerations in order
to achleve optimum return of information. For detailed assistance the
analyst should consult the RAND survey27 of sampling techniques which
is oriented towards military applications.

Technical Characteristics Sources
Many econcmic analyses can be performed with little or no need for

physical and performmﬁce data. Such data, for example, were not an
integral part of either the CS3 or DepotMAIDS analyses (see Vol IV).
Each of these efforts, however, addressed close-in, well-defined alter-
natives. Actual operating cost data was available for many elements of
cost. Analyses d.rected to systems in earlier stages of development

i would have a greater need for parametric estimating and a parallel need

for physical and performance data.

Project managers and englneers within R&D Directorates are excellent
sources of system technical data. For parametric costing (particularly
employment of CERs) it must be remembered that technical specifications
are required not only for the systems of immediate interest but also for
ag many related past systems as feasible.

Special technical data sources vary by type of system. The PMP is
a valuable source for a project-managed system. The most common published
sources 2f physical and performance characteristics follow:

8¢ Developmental systems

« Qualitative materiel requirements
« Small development requirements

276. C. Sumner, "Sampling Methed: Suggestions for Military Cost

Analysts," RM-5779-PR, The RAND Corporation, Oct 68.
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e Current and past systems

- Development documents (including above two sources)
« Prior studies _
Contract files
« Commercial publications
Army publications .
« US Army fact sheets
« Technical menuals
» Special texts

Each source in the preceding list is discussed in Ref 14 (Part II,
Chap. 2). . The difficulty of securing good technical data should not be
underestimated, and the analyst should be both eritical and circumspect
in his treatment of technical data. These strictures apply to current
and past systems as well as to systems under development.

Data Analysis and Adjustment

Locating good, reliable data in sufficient gquantity is a mejor
problem. An analyst may devote more effort and {ime to the collection,
edjustment, and reduction of informstion than to any other aspect of the
econcmic analysis process. Since the end result can be no more reliasble
than the input data, care should be used in collecting and manipulating
the data. The existence of a thorough, carefully prepared data collec-
tion plan will help prevent commifting the error of gathering the wrong
data.

The analyst will frequently encounter the problem of small-sized
samples and in many cases little can be done. The statistical uncer-
tainty assoclated with small-sized samples will have to be recognized
and accepted. In other cases the analyst may find that.there is an
opportunity to increase the data sample through use of estimates, further
data collection efforts, or results of experiments.

Cost. The subsequent paragrapihs of this subsection discuss some
of the more important and frequent types of data analyses and adjustments
to cost data. These include comparability analysis of cost data, con-
version of cost data to constant dollars, and adjustments for production

quahtity. The presentation has been abstracted from discussions included
in the RAC CER thuellh {Part 1I, Chap. 2). Appendix B of the présent
volume contains detailed descriptions of price indexes and learning curves,
the latter being used to allow for variations in production quantity.

b2
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Comparability Analysis. Comperability analysis should be conducted
concurrently with the data collection effort and it involves tbe detailed
examination of the composition of each cost data point. The data col-
lected must meet all the criteris specified by the population definition.
That is, all pertinent costs must be included and all others excluded.
Where questions of composition exist, assistance should be sought by
coatacting those regarded as knowledgeable in the particular ares, es-
pecially those whose responsibilities might have brought them inte con-
tact with the basic data.

The problem of data comparability is severe when multiple sources
are .tilized. However, care alsc must be exercised when there is a single
data source. For example, if contract files are the only source, the ' .
analyst must make a thorocugh analysis of all line items. It is usually
difficult, without the assistance of the contracting officer, to inter-
pret some of the line item descriptions or to determine whether some
other iteéms should be included. In addition, the analyst must ensure
that all relevant costs be collected that are not listed in the contract,
such as Govermment furnished equipment (GIFE) or components procured from
a supplier other than the prime manufacturer.

Conversion to Constant Dollars. Costs incurred in different years
ére not directly comparable because of changes in the general price level.
Therefore, when the cosl. data collected represent expenditures in differ-
ent years, it is recessary to convert all costs to a common base. Nor-
mally all costs are converted to cu%%ent FY dollars.

Table 1 provides an example offgrice indices for airframes. The
table is included for illustration Adrposes only. The table should not
be considered as containing approveé{DOD/DA price indices.

As indicated in Table 1, FYE8 is the base year. In order to convert
cost incurred in other years to FY68 dollars such costs should be divided
by {or multiplied by the reciprocal of) the index cpposite the y.ar in
which the cost was incurred. For example, a cost incurred in FYT1 would

be divided by 1.1387 to arrive at the equivaient FY68 cost.

L3




Table 1
AIRFRAME INDICES
(Base, FY68)

FY Index
1967 0.9457
1968 ' 1.0000
1969 1.0483
1970 1.0951
1971 1.1387
1972 1.1783

‘If another base year were desired, a new table could te éenerated
by dividing all indices in the column by the index of the base year.
Thus, if FYT0 vere the desired base, the above table could be converted
to that base year by dividing all indices by 1.0951.

Cost-Quantity AdJjustments. When developing a perametric estimate

- for the acquisition cost of a system, the basic cost data collected for
the sample systems, in general, will not be comparable because they rep-
regsent different cumulative production quantities. For example, the
cost of the 100th unit of one aircraft cannot be compared directly to
the cost of the 500th unit of another aircraft because the latter has
had the benefit of more "learnming." To make the costs of all semple

systems comparable, it is necessary to derive a learning curve for each

or to apply some accepted industry standard. By following either approach
the analyst will be able to estimate sample system costs at like quantities,

Figure 3 depicts the translation of an "actual" cost at unit 500 to a
"normalized" one at unit 100.

The application of learning curves is relevant to only the recurr%ng
portion of production costs and measures true learning only when all re-
curring costs have been converted to constant dollars. In the subsequent
discussion of learning curves the term "cost" should be understood to

refer to recurring production cost in constant dollars.
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! The two most familiar forms of learning curves assume that as the
sumulative production quantity of units doubles the cost per unit declines
by some constant percentage. One form treats the cost as the incremental
! or unit cost; the other treats it as the average cost for the cumulative
y number of units. Fither formulation results in a function that is linear
; when plottel on logarithmic grids. When the incremental cost assﬁmption
is made, the form of learning curve is termed the "log-linesr unit curve;"
when the aver&ge cost aséumption is made, it is known as the "log-linear
cumulative average curve.”

The complement of the constant percentage reduction, i.e., one minus
the reduction, is referred to as the learning curve slope. Thus, an 80
percent slope means that the unit cost (or cumulative average cost) at

quantity 200 will be equal to 80 percent of the unit cost (or cumulative

L5
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average cost) at quantity 100. Figure 3 shows an 80 percent curve (for
specificity designated as log-linear in cumulative average form).

The algebraic expression for the log-linear unit curve is:

wvhere Y, = cost of ith unit
a = cost of first unit
X, = cumulative unit number

b = slope parameter.

Thé parameters a and b may be estimsted directly by regression
analysis if several values of Y and related values of X are known. How-
ever, this is usually not the case. Costs of hardware items are almost
always accounted for in "lots" rather than in single units, and tﬁe
average unit cost of a lot is not the cost at the arithmetic mean of the
lot units. For example, if a iot includes cumulative quantities 101
through 200 at an average unit cos: of $100, then the cost of unit 150
is not $100. This is because learning occurs within the lot itself.

The algedbraic expression for the log-linear cumulative average

curve is: -
- b
1, = aX

ol

vhere i = cumulative average cost of i units
= cost of first unit
= cumulative unit number

o X »

= glope parameter.

One advantage of using this formulatior is that it is not necessary
to calculate algebraic midpoints. The parameters a and t may be
estimated by regression analysis provided that' the cumulative average

. costs are known for several lots. However, in some cagses the cost of

one or more lots will not be known, and therefore it will be impossible
to calculate the cumulative dverage cost for subsequent lots. When this
occurs, the analyst may be forced to use the log-linear unit curve
formulation.
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Technical Characteristics. The problems associated with cost data
are somewhat different from those associated with physical and performance
data. The main cost problem i3 often one of securing a source, wheregs

that of technical characteristics frequently consists of reconciling con-

# flicting values cited*in several sources. '

The succeeding paragraphs of this subsection address possible sources
of technical characteristics problems and opportunities for meeting them.
The presentation, like the corresponding one for costs, has béen abstracted
from the RAC CER Manuall? (Part II, Chap. 2). The material, while most
meaningful for those planning to develop CERs, contains much of broader

s
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; applicability.
; Problems of Definition. Once the appropriate physical and perfor-
‘ mance characteristics have been identified and the data sources selected,

the most critical factor is to ensure that the characteristic values have
the same meanings for all systems in the sample. When different sources
are investigated, the analyst will frequently find that different values
are given for appsrently the same system characteristic. One of the
possible reasons for these discrepancies is that the values might be
based on different definitions. For example, there are many measures of
the characteristic "horsepower.” Horsepower rating would depend on such
things as engine speed, type of fuel, whetlier the rating represents an
instantaneous or sustained maximum, whether it is measured with or with-
out accessories, whether it is measured at the flywheei or rernr wheels,
ete. Another possible reason is thet the value for a characteristic may
actually change over time because of modifications to the gystem. When-
ever this occurs, the characteristic values should be associated with
the appropriate costs.

Conversion of Measures. If consistently defined values cannot be
found for all characteristics, the analyst can sometimes compute values
‘ that are comparatle. Scme performance characteristics, for example, are
; based on climactic conditions (e.g., 32°F or 60°F), and there may
be standard formulas for converting all sample values to a common set

; of conditions. Other performance characteristics are direct “uactions

of physical characteristics, and comparable values can be computed.
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A common problem encountered in many CERs using weight as an explana-
tory variable is that the potential sample might contain systems manu-
factured from different types of material. This problem was encountered
by WECOM in the develomzent of manufacturing labor cost CERs for heli-
coﬁter armament subsystems. In the pintle class of armament subsystems
one model was constructed of steel whereas the others were constructed of
aluminum, A comparability edjustment suitable for the purposes of CER
development was made on the basis of relative weights (L90 pounds per
cubic foot of steel, 168 pounds per cubic foot of aluminum). Weight of |
the subsystem constructed of steel was adjusted by dividggg this weight L
by 2.9167——the ratio of 490 to 168.28

The preceding paragraph addressed corversiocn of measures before CER
develcpment. An interesting example of conversion of measures applied
to estimates from a derived CER is documented in a MUCOM cartridge CER
report.29 The derived MUCOM CER was based on dall-type cartridges with
brass cases. The CER was used to estimate costs for the steel-cased‘
Bushmaster round. To convert the CER estimate to one appropriate for
steel rounds, brass/steel weight and cost differential factors were
applied. After application of these ad)ustments (and one for inclusion
of a tracer element in the Bushmaster round) the adjusted cost was com-
pared o0 an independently prepared engineering estimate. The adjusted
CERlﬁatimate differed from (exceeded) the engineering estimate by 10 i
per;ént.

'luse of Proxies. Combinations of characteristics can sometimes be
useJras proxies for those that are not avallable or whose definitions
are Lot consistent among sample systems. As a simple example, if the
acquisition cost of a clasc of equipment is expected to vary directly
with volume and volume data are not avallable, then ccst should vary

with the cube of a linear meagurement provided that linear proportions

2aPatrick J. Gannon, "Cost Estimating Relationships for Aircraft
Armament Subsystem Manufacturing Labor Cost," Technical Report AMSWE-CPE
71-11, US Army Weapons Command, Cost Analysis Division, Sep Tl.

2%kmert J. Brown, "A Cost Estimating Relaticnship for Ball Type

Small Arms Ammunition,” Report CA-M-T1-1, U3 Army Munitions Command,
Cost Analysis pivision, Aug T1.
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are relatively constant for different sizes of equirment in the class.
Examples of use of proxies will be provided for CER investigations
carried out at MUCOM and the Aviation Systems Command (AVSCOM).
At MIJCOM the product of length times diameter squarad was used as
& candidate explanatory variable in various cartridge case CERs. This
is a proxy for maximum volume and, to the extent that the cases are
approximately cylindrical, i3 proportional to spproximate case volume.
This follows from the equation for volume of a cylinder:
va=l]l ld2
I
where v = volume
d = diameter
1 = length.
Derived regressions based on the product, ld2, have the factor of propor-
tionality, g‘, imbedded in the regression coefficient attached to the
product term {see App E of Ref 14).
CERs developed at AVSCOM provide another example of the use of
proxies (see Annex Al of Ref 14). It was reasoned that the maintenance
man hour requirements for helicopters should be related to the area swept

by the rotor in a specified period of time, or:

A=1D0°NR
L

where A = area swept per minute
D = rotor diameter
K = number of blades .
R = number of rotations per minute.
The rctation (R) values were not known for all helicopters in the
sample. However, it was known that the maximum velocity of the rotor
tips, [IDR, for all helicopters have nearly the same value. Area swept

per minute was thus rewritten as:

A =1 DRXDN‘)
\I
and finally to the approximation:

A = KDN

where K is a constant and the other variables are defined as ahove.

L9
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The product variable, rotor diameter times number of blades (DN),
was used as a proxy for area swept by the rotor per minute. The constant
(%) is imbedded in the derived regression coefficient attached to “the

product term.

COST MODEL CONSIDERATIONS

A cost model can be defined as a set of relationships that operate
on basic cost and qQquantity inputs and producé results expressed in terms
of selected cost ocutputs. Every model has two essential functions —
calculation and summarization. That is, in addition to generating numbers,
a mcdel also provides the framework for bringing together related results
under "aggregate” output elements, thus facilitating subsequent asalyses.

Cost models are of two broad types: manual (as in the DepotMAIDS
studies) and automated (as in the CS3 studies). The relative attractive-
ness of an automated vs a manual model depends on numerous factors such
as the number of basic inputs, the complexity of calchlations, the number
of system alternatives, and the proposed uncertainty analyses. A model,
whether manual or automated, must include all pertinent cost elements
and variables, must uniquely identify each element and variable, and must

establish the operations necessary for calculations.

Planning
Cost model planning must begin early in the economic analysis effort.

Indeed, without engaging in some preliminary planning directed to the cost
(or cost/benefit) model it is difficult to see how any purposive large-
scale data gathering activities could be properly initiated. Detailed
specifications are not required but the analyst must outline the typés

of costs to be reported (the chart of accounts), how the costs might be
estimated (potential variables and estimating methods), and what factors
are likely candidates for uncertainty analysis.

Development
It 1s difficult to distinguish between model planning and the early

stages of model development. During the development phase the analyst
continues the process of planning, but becomes increasingly specific
about the cosi elements to include in the model and the underlying

50




e

o ar

equations. Flexibility should be maintained in the early stages to per-
mit incorporations of new study guidance or to adapt to available data.

In analyses involving an autcmated model, programm?ng should begin when
it 13 judged that the model has sufficient permanence {0 make major re-

work unlikely.

Chart of Accounts. The cust model chart of accounts displays the
breakdown of total system costs. For many analyses the traditional life
cycle cost categories will serve as the first level breakdown. AR 3‘7-137
prescribes a time-phased display of total system costs distributed in
accordance with these categories. The cost categories by ihemselves
are ordinarily too sggregative for pwiposes of computation and presenta-
tion. Therefore, a cost model chart of accounts will ordinarily contain

one or more tiers of camponent cogt elements for each cost category.

Life Cycle Framework., Life cycle costing has gained its wide ac-
ceptance because it provides a uzeful, comprehensive, and 1oéical frame-
work for developing and presenting costs. 1In this regardnit should be
noted that one cost-effectiveness studyBo‘ultimately accepted ard used
the life cyole cost structure following original doubts concerning its
ugsefulness. The study rejected alternative structures which were based
on system effectiveness attributes (dependability, availability, etc.)
ary type of cost calculation {cost-to-men, cost-to-performance-

characteristic, ete.). The study concluded that "in light of the

earlier trials at recategorizing cost elements, it appeared that the
traditional [life cycle] categories were fairly good after all and
should not be thrown out.”

The life cycle framework is useful for two primary reasons. First,

© 1t distinguishes broad areass of cost that tend to differ with réspect

to time of realization. Figure 4 depicts the relationship between cost
category and time. The framework 1s also useful because by and large
the crucial determinants of cost differ for the three categories..
Figure 5, with considerable oversimplification, illustrates this point.

3oChery1e C. Smith et al, "Cost Effectiveness Methodology,"
TR-68-119: Part I, "Guidelines for System Life-Cycle Costing," TRW
Systems Group, Jul 68,
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Categories and Elements. R&D costs will not be pertinent in some
analyses, and therefore the cost categories can be condensed to those
of investment and operating. Analyses will have at least one alternative
that involves investment, and alternatives in all analyses will give
rise to operating costs.

Beyond the cost category level there iz little standardization in
the cbart of accounts. Instead, the particular acccunts are drafted to
suit the characteristics of the system, the purpose of the study, and
the nature of the available data. Figure 6 portrays an abbreviated chart
of accounts. Although the figure is hypothetical, the cost element hier-
archy shown might serve as part of the structure for an aircraft system
or missile system cost model. '

In general, there will be more calculations performed than there
are cost categories and elements. The lowest level cost elements in
Fig. 6 have been placed in broken lines to suggest that although msjor
repair and overhsul costs might be calculated separately for parts and
labor, only the grund total needs to be reported.

Cost Elemznt Construction. The particulars of cost element con-
struction are beyond the scope of this manual. Four guidelines, however,
should be observed in selegting cost elements. These are discussed below.

First, all elements must be conceptually correct. That is, they
must be relevant to a decision regarding choice among alternatives.

Sunk costs must be excluded and all appropriate inputed costs for using

~ existing assets must be included.

Seccend, the eler ats must be comprehensive and consistent. This
means that all relesant costs are to be counted only omce. The concept
of cost releve:.y is vital. In some studies total costs of alternatives
are relevant. In others, perhaps only the differential costs from the
base alternative are needed.

Thifd, the cost elements should be constructed as far as possible
to parallel expected data information categories. This can lesd to a
substantial saving in processing and clasgifying data. The latest CS3
study12 (see Vol IV) provides an excellent exsmple of adherence to this
guideline. The ADP-oriented cost elements coincide with those in which
coste are reported by ADP activities in accordance with AR‘18-3.25
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Pinally, the cost elements sbeiid be ones cocventionally useii in
studies. One of the purposes & the chart of acccunts is to faci.&utate
ccmparisons among cost element totals within individusl studies a'nd be-
tween different studies. This is turthered through +the use of cost
elementa suszh as pay and allowances, training, equipment maintenance,
and equipment replacement. Comparisons are hindered by inclusionl of an”
element such as "Ecosystem costs," a major cost element employed in one

cost model.3°
Cost Element Equations. The first step in developing a cost element
equation involves the identification of the basic cost generating activi-
ties or resocurcas. Special coating considerations mugt then be tfaken
into account. Where an automated Kéost model is being used, the analyst

|
must decide whether to 1ncorporatei| ‘!;.he considerations directly in‘to the

cost element equations or to {ntroduce special routines elsewherei in the
model. Succeeding paragraphs illustrate how the considerations ojf inher-
itance, discounting, and time-phasing might be introduced into hypothet—

ical cost element equations.

Inheritance. The availability of inherited assets reduces the
amount of nev purchases required for a system. ZEquation (1) provides
gross procwrement costs, while Bq {la) provides for costs exclusive
of inheritance. ‘

[
Item A - Item A unit cost X guantity of A per (1)
procurement coast syatem x numbexr cf systems

Ttem A » Item A unit cost x [(quantity of Aper )
procurement cost system x number of systems) - quantity
of A on~-hand ]

The mathematics of Eq (la) assumes no costs of refurbishment for the
inherited assets. This assumption could be altered by the inclusion
of a factor for refurbismment. |

Disecounting. Discounting is a technique for converting costs
expectad to ba incurred at different pericds to equivalent preseqt
valus costa. This is dope by adjusting the future cost (or benefit)
for year and interest rate considerations. A standard rate of 10 per-
cent 1s prescribed in AR 3‘}(-].37 and & table of discount Pactors abpro—
pria.- ‘5 this rate included for each year from one to twenty-five.
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Equations (2) and (2a) exemplify the difference between calculation
of undiscounted and discounted costs,

Annual pay and . Number of system mil.tary personnel (2)
allowances per systenm X average military pay and allowances -

Pay and allovances per o Number of system military perscinel
system in year K X average military pay and allowances (2a)
X discount factor for year N

The discount factors published in AR 37-13 are based on averages ¢’
factors contained in standard present value tables. In particular, the
rate for year K is equal to the simple arithmetic average of standard
table values for year N - 1 and N. The averaging converts costs to a
unitprm atream over the year.

Time-phasing. The system objective quantity 1s generally reached
v over a period of iime. During the pericd of buildup, total recurring
. coste will grow. This is becmuse recurring costs are a function of the
average number of systemg in operation during the year. A less predict-
able pattern will be followed by one-time costs since these depend un
the mumber of additional systems added during a year. Equations (3) and
(3a) show the difference between a stable recurring cost and one that
varies over time.

Annual supplies cost - Annual supplles cost per system (3)
(all systems) X number of systems

Supplies cost (all Annual supplies cost per system

systems operating in = x .5 x (no. of systems at end of (3a)
year X) year ¥ + no. of systems at end

of year N = 1)

The mathematics of equation (3a) provides costs as if system
quantities were being added uniformly over a year, Where only system
end year quantities are available, thls 1s the simplest adequate form-
ulation. The formulation may be used also in other applications becsause
of 1ts aimplicity and approximate correctness.

Checkocut

The celculation of the basic cost {and benefit) results is the most
straightforward and mechanical part of economic analysis. Before the
actual calculations berin, the set of equations, i.e., the model, should
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be checked with a teszt case. 7This should be done for a manual model as
well as for an automated model.

: 1 It is usually good practice r¢ follow the test case with one or more
live data sets to analyze the recuits for reasonableness. This procedure
may result in discoveries of eriors made earlier in devel .nlng cost 5
factors, for example, failing t- aote that the basic data were quoted in ,
thousands of dollars rather than dollars. _ o
Where pcscible, the calculations underlying the study should be
double checked. Accuracy 1s one concern. Another is the tendency of
many readers to discount the credibility of the entire snalysis on the
bagis of mathematical errors, even when the errors are not large encugh
to change the essential study results.
Errors of calculation are difficult to eliminate completely when
using a manual model. The problem is made more acute vhere uncertainﬁy
. analyses are involved, since several iterations may be necessary. When
using an automated model for which the basic logic has been verified,
errors of calculation reduce to errors of input. This is one of the
advantages of a computerized model; errors can usually Ee detected by
inspection of input listings.
Model Documentation

Any model used in an economic analysis must be set forth and explained

sufficiently to —ermit tracing of opératicns from input to output. Word
equations may suffice for manual models. Fo. an exemple case see the
DepotMAIDS case study in Vol IV.

If an automated model is utilized, it is recommended that a llsting
‘ of the calculation portions of the program be provided. A variable dic-
[ tionary containing definitions of the included variables should accompany
- the listing. None of the CS,
type described above, and this led to ccnsiderable problems when attempt-

studies provided any documentation of the

% ing to track costs from one study to another (see CS3 case study in Vol IV).
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4 BENEFIT*

INTRODUCTION

. The objective of this section is to discuss the basic considera-
tions'required to present decision makers with an orderly, comprehgnsive
and meaningful display of all benefits expected for each alterrative
within the scope of the economic analysis under consideration. The
benefits of each alternative should be expressed so that the decision
maker is able to systematically compare the various altermatives of the
economic analysis. Benefit in the context of this handhook is used as
the overall term for returns (output, products, scrvices, yields, worth).

The consistency and relevance of the benefits availlable must be

carefully examined. An existing measure with which management is
familiar has certain advantages in regard to ready acceptance as a
benchmark, but 1t may not be relevant throughout the entir: range of the
study. The apalyst should be as cautlious both in accepting a benefit
measure Just because it's there end in introducing a new untried one that
accommodates only an aspect of his study. The ocutput information effort
under " Imstruction 70145.1131 and IOD Directive 5010.1532 should be
studied. '

*With some modification, this section was derived from the 2nd
Edition of the IOD Econmomic Anelysis Handbook.l

3lDept of Defense, "Improvement and Use of Qutput Information in
the Department of Defeunse Programming, Plarning, and Budgeting System,"
DODI 7O4S5.1Y, 17 Dec 1970.

32[bpt of Defense,"Defense Integrated Management Engineering
System,'" DODD5010.15, 13 Jan 1972.
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General alds in *he pursuit of benefit measures are the following:

l. Use a systematic procedure to establish returns in order to
minimize strictly subjective Judgment.

2. Discover and record all the benefits, whether or not quantifiable,
relevant for each of the alternstives developed in Item 2 of "The
Process."

3. Express, if possible, the returns of each alternative in terms
of a common denominator or a seore.

k. Arrange returns according to some hierrsrchy of values if a
common denominator is not available.

The remaining pert ~f this sectlon will outline how to determine the
benefits of an option or alternative under consideration in an econoinic
analysis. Given the staite of the art, the following‘overall me thodo-
logical steps will be used to gulde the analyst:

Step I - Determine, 1list and define relevant benefits.

Step IT - Estsblish sources of information for benefit determina-
tion.

Step III - Collect and display informetion for bemefit determina-
tion.

Step IV - Summarize, evaluate and present benefit determination

for alternatives of the economic analysis.

PROCEDURES

Step 1 - Determine and Define the Benefits Relevant for Each of the
Alternatives of the Economic Analysis

1. Determine and list the benefits of each alternative-—hether
the benefit is thought to be potentiaslly quantifiable or not quantifiable.
List 2ll beneflts which mey illuminate the economic analysis alternatives.
It is quite possible that some of the benefits listed in this first

attempt will eventually be discarded and others becoming evident further
in the analysis will be added to the list. For instance, 1f one method
causes ten items to be produced and only two are needed, the greater
productive capacity of thls system may not be a plus factor. Other con-
siderations may arise such as the availability of storage space, the

cost of storagé, obsolescence, etc.
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2. Defin- each benefii in relation to its respective alternative
in the econcmic anslysis. I{ is to be noted that any point in the
Benefit Determination Proced ’e, new or previously unrecoganized evidence
may require a reassessment ojrthe benafits listed up to that point.

During this process conisideration should be given to the level of
decision of the economic analysis. For exsmple, assume that in a five-
man warehouse at an insta.llation, spare parts are stored on seven snelves
and it has been proposed tha; decreasipg the layers of verticval shelving
will obtain greater warehouséiefficiency. Instead of having seven shelves,
the items will be stored on five shelves so that all items will be
accessible without using ladders (ladder is now used when pulling
material from the two top shelves). In this case, the decision could
be made by the local operati&g official and external benefits related
to economic effects on the community (1f any) would not be germane.
However, benefits related to customer service, employee morale, safety,
etc., should be considered.

However, if the investment 1s a large one, such as whether or not
to consolidate field activities or buy special equipment, the decision

ymay be made at the Service level (and in some cases, probably, at the

0SD level). In such cases, benefit determination related to the economics
of the community might be one of the determinants for selecting a
particular alternative.

.Bach situation'must be dealt with within the context of the total
ecouomic analysis under study.

There is no check list available which can be used to ascertain
that all output returns for an alternative of an economic analysis have
been included in the benefit determination, and that all are valid for
the particular situation. However, in order to assist the analyst in
selecting benefits germane to the study and, hopefully, in excluding
spurilously related and nonsignificant information for the decision meker,
characteristics such as the following could be reviewed when listing
and defining benefits. |

Discreteness. 1Is the benefit clearly and concisely identifisble
from all of the other benefits? Does it overlap with sny other measure?
Is it duplicated? Maintain as separate an entity as is possible.
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Quantification. Is “he benefit directly/indirectly measureable
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using valid techniques available from the various disciplines used in
anglysis? If not; can some method for comparability be used? If quanti-

fication is not possible, can other techniques such as ranking, etc.,
£ be used for declsion purposes? Quantification is by no means essential
! for output information to be useful for analytlcal purrposes, although
: precision and specificity are needed to the greatest feasible degree.
; Discriminative. Is the bepefit related to the alternative of the
‘ economic analysis? Is it discriminating in relation to the objective

of the decision masker? Is it spuriously relateé to the purposes of the
decision and should therefore be excluded?

Also, it might be found that the benefits expected of any alterna-
tive may fall into various "categories" depending on the kind of program,
systems, operation, organization, etc., that has been submitted for
economic analysis. Terminology used for these categories is generally
descriptive of the benefits included. These are not intended as defini-
tive, but as guides to the anslyst in the effort to include all benefits
related to an alternative. It also should be cautioned that the 1list
is not intended to be all inclusive; it is only illustrative of some of
the types of benefit categories that could be applicable depending on
the problem. Some of the categories under which benefits appear are:

1. Production. Number of commodities or items produced for each
alternative. For example, number of meals served, hours flown, compon-
-ents manufactured. This could be related to comparable time periods of
the economic analysis (as in productivity). '

2. Productivity. (related to staffing benefits) number of items

per manhour, volume output related to manhours.

3. Operating Efficiency. At rhat rate does the system consume

resources to achieve its output? For example, miles per gallon, copies
pef kilowatt hour, mean days per shipment.

4. Reliability. This describes the system in terms of its probable
failure rate. Useful measures may be mean-time-between-failure, the

number of service calls per yeer, percent refusals per warehouse requests.
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5« Accuracy. What is error rate? Measure errors per operating
time period. HNuuber of errors per card punched, errors per hundred
records, errors per 100 items produced, etc.

-6, Malntainability/Controllability. Has adequate human engineering
been performed? Is the system compatible with adequately trained crew
members? When the system does fail, is it difficult to repair because of
poor aécessability? A useful measure could be based on the average man-

bours necessary for repalrs over a given time period, 1.e., downtime, or
the crew rate necessary to control and maintuin the system.

T. Manageability. Consider how the workload of the organization
will be affected by increaséa'gézdecreased'supervision or inspecticn time
as a result of the system. Man-days could be used as a measure; difference
in kind of personnel might be a factor as well as availability of type
needed. ’

8. Integrability. Consider how the workload and product of the
organization will be affected by the cnanges necessitated in modification

of existing facilities or equipment, technical data requirements, initisl
personnel tralning, warehouse space for raw goods or parts storage, etc.

9. Availability. When can each system be delivered/implemented;
when is it needed to meet proposed output schedules? What is the lead
time for spare parts delivery?

10. ‘Service Life. Consider how long the proposed system will affect
the organization's workload or output. What about obsolescenc;’
1l. Quality. Will a better gquality product/service be obthined?
Could quality be graded, thus measurable? If not, a descriptidk of
improvement could be given. Whgt is the impact of the varied q:uality? .

12. Acceptability. Consider the alternative in terms of whe ther it
may interfere with the operation of parallel organizations or the opera-
tion of prerogatives of higher echelon organizetions.

13. Ecology. Consider the ecological aspects of each alternative.
What are the current legislative requirements?

14, Economic. Consider employment benefits, DoD small business
6bligations, economically depressed area relationships, legislative

requiremants.
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15. Morale. Employee morale; This could be measufed by an opinion
sample survey.

16. Safety. Number of accidents, hazards involved.

17. Security. Is security built in? Will more precautions be
neecded? More guards? Are thefts more likely?

Pertinent benefit categories will become evident s the analysis ol
the alternatives 1s performed. The benefits will be defined/described

in accordance with the requirements of each alternative under review.

Step 2 - Determine Sources of Information
for Benefits Determination

Separate the Beneflts defined in Step 1 into two lists as follows:

List 1. Benefits where Back-up Information 1s Available.

Benefits for which information in usable form is easily obtainable.
Next to each benefit listed, indlcate source of information, in what

form it is avallable. Also include in general terms the proposed metho-
dology for gathering the needed information and the feasibility of doing
so. Should the analyst declde that obtaining the needed information is
impractical, for whatever reason, he should be able to support his
position. This step applies to benefits which may be quantifiable as
well as for those which are not quantifiable. It is best to obtain the
maximum smount of Information in estimating parameters. Hoﬁever, this
may not always be femsible.

For example, 1f in Step 1 "Production of an Item" is listed, the
data avallable should be checked. to see if there are weeks, years, etc.,
of production records with data which could be used for actual production
and estimating purposes when valid statistical or other analytical tech-
niques are used. If the immediate organization does not have such
information, is it avallable for a comparsble organization? Is prototype
data available, etc. The statistician, mathematician, industrial
engineer, etc. will be helpful in determiring whether there are techni-
ques avallable in the relevant disciplines that can be applied to‘sub-
stantive information in order to obtain the benéfit determination needed
for the eccnomic analysis. (Applying various techniques to data already
in the system could preclude the cost and time needed to gather addi-
tional data.)
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For benefits not quantitiable by ranking, rating, or related

‘ methods, a 1list of appropriate available and reliable sources for narra-
| tive detail should be compiled.

List 2. Benefits for Which Back-up Information is not Available.

Zor the remaining benefits, or those for which no information
sources have been readily identified, the analyst will have to do further
research in order to obtain information on benefits. Additional research
might include activities such as a 100 mercent survey of relevant data,
a sample survey of less thanlloo percent, field trips to visit experts,
visits to specialized libraries, and interviews with public agencies or
private firms. The specific circumstances will decide the process.

Examples of benefits for which information is not readily available
are morale of personnel, safety of an opération, etc. In these instances,

P a statistical samplipng can be used to produce data for the sysiem and
‘ these data can be used as benchmark statistics for the related alterns-
tives and for projection purposes. For a weapons system where data may
not be avallable, a combination of parts of exlisting systems may serve
the same purpose.

With the completion of Step 2 of this procedure, the analyst should
have: .

a. Identiried and deflned or described the benefits resulting from
each alternative required in the particular economic anslysis.

b. Sources of information and/or methods for obtaining the infor-
mation for each benefit.

Step 3 - Collection of Information for Benefit Determination

1. Organize the method for collecting information for each benefit,
collect the applicable data, and record the information for each alterna-
tive of the economic anslysis.

2. It must be empnasized that both the subject matter specialist
and the individual knowledgeable in the disciplines'concerned with
formulating quantifiable and nonquantifiable outputs for analysis pur-
poses must cooperate if adequate usable benefit determinations are to
be established.

6k
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3. The inforumation collected can be recorded by listing the infor-
mation for each benefit in tabular format which is similar to the dis-
play in Table 2.

After Step 3 has been completed, it is beneficial for the analyst
to review what has been done to see whether bepefits should be added/
deleted or whethe» more relevant yardsticks for the associated bepefits
could be designated.
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Summary - Evaluation and Presentation of Benefits

In order for benefit determination to be of value for the decision
maker, comparative visibility of che benefits of each alternative 1s
necessary. A generalized format is presented in Tables 3 and L, fThe

exact method of comparison and the tools and technlques to be used must
be left to the analyst in conjunction with the subject matter and pro-
fessional analytical personhel since proper "weighing," quantitative and
nonquantitative comparisons and overall scoring of system dimensions will
vary with different systems, organizations, programs, etc. being studied
in the economic analysis.

Many techniques are available for comparing quantifisble benefits
such as graphic analysis, regression analysis, indexing, decision theory,
marginal aralysis, ratios, linear programming, mathematical and economic
statistical modeling. Nonquantifiasble benefits may be analyzed Ly using
nonparametric statistical techniques. A possible teéhnique for weighing
benefits might be a folling technique such as the Delphi method.

Benefits should be arranged in the order of significance of each
benefit to the problem objective; Then, where possible, benefits should
be combined to give a composite score for each alternative. In some
cases, 1t may be possible to calculate a score for the totsl alternative
drectly if data are in the same units. In any event, such consolidation
will assist in the decision making process since 1t reduces some of the
detail. For example, in order to measure the benefit of different
warehouse processes, 1t may be feasible to measure the warehouse's
recelving and storing functions. Since receiving is recorded in line
ltems and storing in measurement tons, 1t 1s possible to combine the two

using a weighted index with respective man-hours for each function as
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welghts. Alternative I warehouse benefit would then be equated with
base 100 and variation from this could be on par, better, or worse for
other alternatives depending on the welghted index calculated from the
estimated or actual data.

Another method of composite scoring would be to convert actual ocut-
put to some coomon factor such as dollars. In so doing, & portion of
the worth of the combined alternative benefits 1s implicitly assigned
to each benefit. For instance, the expected yearly repalr cost can be
predicted on the tasis of the mean time-between-fallure and average
maintenance downtime for each alternative. In coaverting to dellars,
care ghould be taken in the mathematical relationship between the cost
2ide of each alternative and the cost conversions on the output/benefit
gide of the equation.

The most significant problem in determining over=zll technical and
logistical competence of a system is deciding upon the proper weights to
be glven to the various benefits. When objective inherent weights of
the system, such as relative manhours, dollars, etecs., are not avsilable,
the criteria for weighting should be based on how much each contributes
to the accomplishment of problem requirements, i.e., the economic analysis
problem under consideration.

In situations where it is difficult to project bemefits and/or td
computé measures, it is desirable to provide as much useful information
a3 possible to enable a decision to be made as to which alternative
yields the most benefitsﬁ‘

A composite total wgrth or value of a system is not =zlways possible
by objective quantitativéiscoring or weighting. The comparison format,
with composites as subtotéls of individual benefit statistics, will
allow for appralsal by eéperts and final review by the decision maker.
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S5 UNCERTAINTY

Uncertainty is present in virtually all decision making activities.
Economic analysis with its emphasis on assessment of alternatives in the
future is an activity with a high degree of uncertainty. Often the costs
and the berefits for different alternatives will differ significantly in
terms of "certainty" of outcome. This is especially likely to be the
case when one of the alternatives is an existing system or project.

Uncertainty is frequently distinguished from risk. The distinction
involves a delineation between subjective and objective probabilities.

Risk prevalls in situations where enough is known to permit assign=-
ment of objectively determined probabilities to all possible outcomes.

The objective determination can be based either on thecretical considera-
tions (die tossing or coin flipping experiments qualify) or on substantial
and impartial empirical evidence (the cornerstone of production and ac-
ceptance quality control applicafions). Uncertainty exists where any
asgignment of probabilities is limited to subjective jixdgment.

The following excerpt distinguishes between risk and uncertainty:33

An example of a risk is a gambler making a bet that
he will draw a red ball from an urn containing 5 red
balls and 10 white balls. The possible outcomes are
known, and the probabilities are 1/3 for a red ball
and 2/3 for a white ball. An example of uncertainty
is making the same bet where the number of red balls
and the number of white balls are unknown. In this
case, all that can be said[objectively] about the
outcome is that a red ball or a white ball will be
drawn.

33ARINC Research Corporation, "Guidebook for Systems Analysis/Cost
Effectiveness," Mar 69.

70




e o o e e Ty

T IR e e S

e e p e

: As Fisher3u

ables are generally not available to the military systems analyst, Re-

has stated, objective probabilities for critical vari-

i sultant studies (including eccnomic analyses), therefore, overwhelmingly

l address situations containing uncertainty rather than risk., The topics
that are discussed in this section afe related primarilyv “o uncertainty.
These are: '

Empirical analyses of uncertainuy -

Need for analysis

Approaches to uncertainty

Documentation

EMPIRICAL ANALYSES OF UNCERTAINTY
A considerable number of studies, most of them produced by the RAND
Corporation, have empirically addressed the problem of uncertainty. The

35

studies, with the exception of one Dy Fisk, have been concerned with
identifying the factors that explain the wvariance between actual and es-
timated costs. Typically the investigations have been limited to mili-
tary hardware production costs, particularly to those for aircraft and
missiles. The results of three studies and their methodological ap-
proaches will be discussed.

Fisher.36

bezause of differences in projected and actual production guantities and

Variations between actual and estimated costs arise partly

partly because of general price movements since the time of estimate.
Fisher isolates the factors accounting for the variation between actual
and estimated costs. These factors are adjustéd for nrice level and pro-
duction quantity influences and are segmented into two classes—require=-
ments uncertainty and estimating uncertainty. Requirements uncertainty

derives from charges in system performance and physical characteristics

353. H. Fisher, "Cost Considerations in Systems Analysis," R-490-ASD,
The RAND Corporation, Dec 70.

35Donald‘M. Fisk, "Estimates of Aircraft Characteristics with Some
‘Tmplications for Cost Analysis,” in Proceedings of the Third Arnual De-
partment of Defense Cost Research Symposium, 13-14 May 68, Vol I, Tab A.

366. H. Fisher, "The Problem of Uncertainiy,” Chap. VI of J. P. large

: (ed), Copcepts and Procedures of Cost Analvsis, RM-3589-FR, The RAND

Corporation, June 63.
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over the development cycle, Estim;ting uncertainty derives from the
fact that the estimating tocls ana the data on which they are based are
imperfect.

Fisher utilized several pre-i960 studies as the raw materials for
his investigation. These studies had shown that on the average actual
costs (or late estimates) might be in the neighborhocd of 200 percent
higher than early estimates, even when adjustments had been made for
price level and production quantity changes. The estimates not only
showed considerable dispersion from "actuals" but also displayed & con-
sistent bias. Actuals invariably tended to be greater than estimates.

The basic studies not only recognized the split between require-
ments and estimating uncertainty, but anticipate@ Fisher's conclusion
that the former overshadowed the latter in explaining the differences
between actual and estimated costs. The earlier studies did this via
qualitative conclusions. Fisher’s contribution was that of providing
quantitative measures. ’

This was done by referring to cost studies that had investigated
fully designed items produced undef standardized methods. Requirements
uncertaintyvforbsuch items would be minimal, and any rgported differences
between cost estimates and actuals would primarily represent the results
of estimating errors.

Fisher concluded on the basis of the evidence at hand—briefly
summarized in his study—that it was reasonasble to conclude "that
variation in cost estimates attributable purely to cost-estimating
uncertainty might average 20-30 percent.” Put another way, the analysis
suggests that on the average requirements uncertainty is three to four
times as great a contributor to cost variativn as estimating uncertainty.

Harman and Henrich§gg.37 Harmen and Henrichsen proceed from the

observation that actual costs generally tend to be greater than estimates
to an analysis of whether the estimating process itself showed any
improvement from tae 1950's to the 1960's. Ratios of actual to estimated

3T1vin J. Harman and Susan Henvichsen, "A Methodology for Cost Factor
Comparison and Prediction,” RM-6269-ARPA, 4“he RAMD Corporation, Aug 70.
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costa——sultably adjusted for price level and production quantity dif-
ferences——were investigated separately for the two decades via regression
analysis. A measure of progrem development length and one for develop-
ment effort were employed as explanatory varlables in various regression
forms, Fisher's dichotomy betyeen requirements uncertainty and estimating
uncertainty was implicitly uccepted although no attempt was made to
separately measure each part,

The study analysis is too complex to permit a concise summary. One
major result bears repeating, however, because it provides indirect
evidence that Flsher's estimate of an average 200 percent variation between

actual and estimated costs, which was based on major military hardware
production during the 1950's, may still hold. Harman and Henrichsen
report that "none of the structures explored indicates a significant
difference between the 1950s and 1960s in the ability of the 'system
acquisition process' to estimate costs accurately or aveid actual cost
overruns for a given development program.”

EEEE'SA Fisk provides the results of an analysis into the
uncertainty of estimates for three techaical characteristics of fixed-
wing aircraft. The study conslists of three parts. The first shows how
the estimates of maximum speed, gross takeoff weight, and maximum thrust
vary from eventual actuals according to when in the development cycle
the estimates are made, The second part uses technical specifications
for a hypothetical bomber and RAND costing methodology to illustrate
how technical specification errors become translated to costing errors.
The final part discusses some of the broad potential implications
suggested by the limited analysis. '

Figure 7 shows a scatter diagram of the percentage errors of specd
estimates agalnst their dates of estimate, date of estimate being
normalized to number of months from initial deliver&. Diagram con-~
struction can be made clear by reference to the circled observation.
This observation represents a case where a speed estimate "was made 76
months prior to the first delivery of the aircraft. I%t shows the
estimated speed to be 33% less than the actual, In this particular

instance the speed was estimated at 800 knots and the actual speed was

1199 knots."
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Fig. 7—Estimates of Maximum Speed .

Two conclusions can be drawn from Fig. 7. First, estimates of
maximum speed that are made late in the development cycle tend to bé con=-
siderably more accurate than those made early.‘ This is an important re-
sult, although far from surprising. Second, errors in speed estimates
do not exhibit any strong blas. That is, unlike the case for cost esti-
mates, errors in speed estimates are just about as likely to involve.
overestimates as underestimates.

Figure 8 depicts the re" tionship between estimating accuracy and
time of eétimate for grocs takeoff weight. A trend line very simiar to
that shown in Fig. 8 was found to be appropriate also for maximum thrust,
with thrust showvir«¢ slightly more dispersion around the trend than weight.
Estimates of gros. takeoff weight and maximum thrust show improvement in
accuracy as the time of estimate moves from the early stages of develop-

ment towards the date of first deployment. In this regard tPe estimates
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for these characteristics parallel those for maximum speed. As cén be
seen from Fig. 8, the estimates for weight tend to be blased towards
underestimating. In this regard weight (and thrust) estimates are more
akin to cost than to speed estimates,

PERCENTAGE
DIFFERENCE

+10%

-80 -40 0 +40 +80 +120 +160 +200

MONTHS FROM FIRST DEPLOYMENT FOR INVENTORY

Fig. 8—Estimates of Gross Takeoff Weight

The central message of Fisk's study, at least from the perspective
of the present handbook, follows:

If input errors are as large as the example of the B{X)
[a hypothetical bomber used for illustration purposes] suggests,
the cost analyst should worry about inputs as well as models
and outputs. The development and use of cost estimating
relationships illustrates this point. Over the past several
years considerable time has been spent analyzing and selecting
relationships of tuis type. Often excruclating effort has
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been devoted to selecting the variables and relationships
which best explain changes in costs. So far as is known no
effort has been devoted to examining the effect of input errors
on errars in costs. An examination of some of the more importe
ant cost estimating relationships used today suggests that
greater errors exist in the inpute than in the estimating
relationships.

NEED FOR ANALYSIS

The reason that uncertainty must be faced directly and analyzed is
that the results of such analysis cén impact on the choice among alterna~
tives., It is not enough to present the decision maker with a set of al-
ternatives whose costs and benefits are based on "most likely" factors
and assumptions. The decision maker needs to be informed about the ro-~
bustness of the results. That is, how well the rankings of the alterna-
tives hold up under reasonable changes to factors and assumptions.

As the previous paragraph suggests, the analyst must focus on the
sources of uncertainty that are most likely to have implications on the
ranking of alternatives, A first step is to identify the areas in which
the alternatives differ sigﬁificantly from one another. Even though a
particular element of cust or benefit may be surrounded with considerable
uncertainty, the analyst may be able to give it low priority when the
element appears to affect all airternatives to approximately the same
extent. |

Requirements uncertainty and estimating uncertainty constitute parts
of the overall problem of uncertainty, but only parts. In addition, time-
phaséd deployments, operating rates, support considerations and general
political and economic considerations will frequently be important and
should be analyzed., Other areas may be important fo g particular study.
The ones cited are intended solely as examples.

Uncertainty analyses car be very time~consuming. In addition to the
obviocus increased calculation load, they create the need for additional
data and require the various results to be compared and interpreted. The
amount of analysic to apply ultimately reosolves to judgment on the part
of the analyst. Often the availability or planned development of an auto-
mated cost-benefit model will be an important determinant in the final

Judgment.
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APPROACHES TO UNCERTAINTY
Four traditional approaches to the problems of uncertainty are

characterized in this subsection, These constitute the following types
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of analysis: .
e A fortiori -
e Sensitivity
e Contingency
e Statistical uncertainty

A Fortiori Analysis
A fortiori analysis involves deliberate attempts to formulate as-

sumptions that tend to uniformly favor or disfavor a particular alterna-
tive. The rationale is that if the assumptions uniformly favor (dis=-
favor) an alternative and the slternative still does not (does) rank
above other alternatives, then any other set of assumptions would only

tend to reduce (enhance) the alternative's relative ranking. When the

" a fortiori approach is uséd, assumptions‘typically are made in such a

way as to favor the existing system (status quo).

The a fortiori approach is refreshing in the sense that it appears
to be a tool that 1is used more frequently in economic analyses than talked
about. Volume IV provides examples of a fortiori analysis conducted on
CS3 and DepotMAIDS. Erief abstracts from the most recent studies of
these systems exhibit appreciation of the basic a fortiori logic:

CSmmcmnnnnncna "A basic tenet gulding this update has Leen a
desire to inspire confidence in the declsion maker by
enhancing the crediblliity of the result. For that reason,
every effort has been made to make the most conservative
assumptions, Where a question of fact existed or a
simplification was necessary, the lssue was always resolved
in favor of the present (baseline) system."12

DepotMAIDGwm wnaw "In all cases the most conservative estimates

have been used to compute savings; therefore, the above
savings represent the minimum achievable."10

Sensitivity Analysis

Sensitivity analysis 1s used to address the mathematical or quanti-
tative aspects of uncertainty that are assoclated directly with the
system parameters. It considers factor values under different assumptions
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in order to ascertain the range of impact that changes in quantitative
data have on the costs and benefits of each alternagive. Although costs
and benefits may turn out to be insensitive to wide variations in certain
factors, slight variations in others may result in highly volatile results.
' Sensitivity analysis involves iteration of calculations using dif-
ferent quantitatiye values for the variables of interest. In one approach
the analysis is initiated by formulating pessimistic, optimistic, and

most likely estimates of valués for the selected sensitivity variables.
Calculations are then performed using the most likely set of estimates.
The results constitute a common base for comparing results obtained

from any other combination of estimates. Sensitivity analysis is dis-

cussed in more detail in App B.

Contingency Analysis

‘ Contingency analysis is designed to cope with significant uncertainties
of a qualitative nature much as sensitivity analysis does for those that
are quantitative. Contingency analysis does not attempt to lndicate the
effect on study results of alternative valﬁes for a limited set of system
parameters, Instead, it addresses the effect on results of various broad
environmental conditions such as peace vs war, decreased (or increased)

size of the Army, continuetion of current standards againsf‘pollution vs
institution of more strirgent ones.

Contingency analysis, like sensitivity analysis, is a repetitive
process. A base set of environmental conditions is established, results
calculated, and the effects of changing the conditions assessed by repeating
ealculations using new combinations of conditions. Such changes can have
a marked impact on the ranking of alternatives., For example, one alter-
native for a supply system might easily be the preferred alternstive in
cost-benefit terms when the system is assumed to support operations at
a low activity ievel; at higher levels of operation, however, the alter-
native might become relatively unattractive.

There appears to be a natural tendency to assign probabilities to
contingencies so that those of low probability can be ignored or the
effects of several contingencies welighed and comblned into more general

ones. Such assignments arc based ultimately on subjective judgments.
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Subjective assessments taken on added credibility to users of a study
when it can be demonstrated that they were derived by orderly and logi-
,cal procedures. For this reason, the Delphi technique described in App
D may prove useful.

As a rulé, the analyst should attempt to make firm olans for con-
tingency analysis earlier than for sensitivity analysis., Where the con-
tingencies involve substantially different assumptions of the "real
world," the analysis of these contingencie; may approximate the per-

formance of separate studies.

Statistical Uncertainty
CER Statistics. A CER by itself provides only the means for esti-

mating the values of i1he cost variable given values for one or more ex-
plantory var;ables. A number of regression-related statistics and asso-
ciated tests of statistics are used to measure how good an estimator the
regression is on an overall basis and how much credence to place on the
empirical values of individual constants. Detailed discussion is pro-
vided in "Regression Analysis"” in App C. The present material is based
on Ref 14,

The coefficient of determination is a measure of the relative worth
of a CER. The coefficient is a number between O and 1 that indicates the
percent of total variation of the dependent variable in the CER sample
that is explained by the CER. Alternativaly, the coefficient indicates
the average degree of improvement in estimating the magnitudes of the de-
pendent variable by taking into account the magnitudes of the independent
or explanatory variable(s). .

A CER provides a point estimate of the dependent variable (cost) for
each set of values of the independent variables. While the point estimate
is the best predictor in a statistical sense, it does not provide a
measure of the uncertainty associated with the estimate. Confidence in-
tervals may be constituted which provide a measure of the uncertainty
associated vith the point estimate. Figure 9 depicts a 90 percent con-
fidence interval for a two variable regression equation. The confidence
interval provides a range of values of the dependent wvalue which can be
associated with each value of the independent variable. The interpreta-

tion of the range is as follows: "In a large number cf applications, the
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two costs will fall between the upper level and the lower level in S0
percent of the applications.”

Y : Conf{idence interval
/ upper limit

Conf'idence interval
e~ lower limit

Fig. 9—Ninety Percent Confidence Intervals:
Simple Regression

It is to be noted that che confidence levels have the narrowest
range at che mean of the independent variable (f) and as predictions
are made further from the mean, the level of confidence decreases for an
absolute varistion from the CER or alternatively the range or interval
for a given percentage level increases. A 95 percent confidence interval
would encompess a wider range of values than the 90 percent interval, and

as expected, an 80 percent confidence interval would encompass a narrower

range.
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Computer Programs. Several computer programs have been written to

addrcss the problem of system cost uncertainty from a probabilistic view-
point. Most of the models involve esfimating the total system cost and
the assoclated probability through application of Monte Carlo analysis

of component cost estimates. Models developed by Schlenker38 and
Schaefer39 are representative,

The central features of the cost uncertainty computer models have '
been succinctly described by Husic.uo Each model requires "expression
of input estimates as probability distributions reflecting uncertainty
[and] cost equations pertinent to the particular model." Each model
generates "frequency distributions for cost elements and aggregations
[together with] statistical measures that illustrate the nature and mag-
nitude of the system cost uncertainty."

Few economic analysas will require the use of special computer pro-
grams of the type described above. Discussion has been presented for the
sake of completeness and for the occasional problem thut may benefit from
the use of such a program. In this regard it should be noted that the
Schaefer model39 was adapted and used in a life cycle cost study for the
utility tactical transpori aircraft system (UTTAS). The circumstances
gurrounding the UTTA3 study were ideal for the use of a cost uncertainty
model. A high cost system was being addressed at a time when the system
cpnfiguration wag far from fixed; in fact, the study preceded approval

of the qualitative materiel requirement.

3éBGeorge Schlenker, "An Analytical Estimation of System Cost Un-
certainty,” Technical Note 67-3, U3 Army Weapons Command, Sep 67.

39bonald F. Schaefer, et al, "A Monte Carlo Simulation Approach to
Cost Uncertainty Analysis,” RAC-TP-349, Research Analysis Corporation,
Mar 69.

thrank J. Husic, "Cnst Uncertainiy Analysis," RAC-P-29, Research
Analysis Corporntion, May 68.
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DOCUMENTATION

Regardless of the ingenuity and inventiveness of the analyst in
performing uncertainty analyses, the dccision maker cannot profit from
them unless the results are properly communicated. It is not possible
to promulgate fixed standards of documentation. However, general docu=

mentation considerations may be prescribed and these are discussed below,

Addressing the Analyses
The uncertainty analyses must be addressed and the highlights set

forth by some combination of text, table, and graph. The analyses should

never be assumcd capable of speaking for themselves. Pages and pages of

computer printouts may contain the essentials of an uncertainty analysis,

but are generally ill-suited to set forth the overall results,

Summarizing Results

fost uncertainty analyses should be documented in summary form.
This means that thc analyst must highlight the major points and omit most
of the basic details. It is important to address those aspects that do

not have significant impact on costs and benefits as well as those that do.

Showing Complete Results
As indicated earlier in this chapter, a contingency analysis may ap=-

proximate a separate study. In such cases the results of all contingen-
cies may be documented to approximately the same extent. The second CS3
econoric analysish]'provides examples of this point. 1In this study costs
of fielding two variations of the CS3 were presented with and without
funding constraints. The constraints in the form of the planned CS3
annual funding programs in the procurement of equipment and missiles,
Army (PEMA) aprropriation for FY72-FY75 determined the rate at which CS3
ADPE could be purchased.

Text vs Appendix
The more d=tailed aspects of an uncertainty analysis belong in an

appendix. “ER documentation should usually be presented in an appendix.

Reference 1b surrests formats for bolh complete and skeletal documentation

of CER:.

thfficc of the Assistant Vice Chief of Staff, Mahagement Information
Systems Directorate, "Combat Scrvice Support System Cost Effectiveness

Study Updnte," Scp T1.
go
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COMPARING ALTERNATIVES

PURPOSE

Alternatives are compared and ranked in order to facilitate decision
making. The relative strerngths and weaknesses or competing alternatives
can be brought into clearer focus when their costs and benefits are
! - ' placed together side by side. If should be realized that this process
A - can at best identify a preferred alternative among those considered in
e the analysis. It cannot guarantee that there is not some better alter-
native that has not been analyzed.

i | ANALYSTS FRAMEWORK
‘ There are three general frameworks for comparing and ranking alter-

.
{

natives. These are used for:
¢ Equal benefit — unequal cost alternatives
e Egual cost = -‘liequal benefit alternativés
e Unequal cost - unequal benefit alternatives.
The analyst should be able to discern which framework is appropriate

once he has properly formulated his problem statement. The particular
framework often will have an effect on the way system alterrative costs

and benefits are cslculated as well as on the way *tey aré brought together,
The framewdrk should not be percelved as something grafted on during the
final stages cof a study in order to pull together previously determined
system alternative costs and benefits for fisal comparison.

M ; Equal Benefit — Unequal Cost Alternatives
' In the case of equal benefita, the preferred alterrative is simply

the least costly alternative. Equal benefit analyses ave appropriate

under two circumstances., First, where a given level of effectiveness is
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required and the alternatives can be evaluated in ter..: of the costs of
meeting that effectiveness. Second, where the benefits produced by the
alternatives can be assumed to be approximately the rame. Equality of
benefits is all that 1is réquired in this case; the common level of

benefits need not necessarily be measured.

Figure 10 graphically portrays the analysis appropriate for a fixed-
effectiveness problem. The assumed fixed-level requirement is ;5 w.its
of effectiveness. Alternatives A and B do not measure up to this require-
ment and are thus eliminated as feasible alternatives. Alternatives C
and D both meet the requirement; however C is the preferred alternative
because it is less costly.

Cost reduction propeosals, such as those contained in the DepotMAIDS
case study in Vol IV, together with purchase/lease and make-or-buy studies
are representative of the second type of equal benefit analysis. No
reference is made to a measurable level of benefits in such applications.
Instead, the analysis is implicitly or explicitly conducted under the
assumption that benefits for the alternatives considered are approximately
the same.

AR 37-13T provides Format A-1 as en optional summary device for
documenting the results of cost reduction propesals. The Format (see
Fig. 11) presupposes a ccmparison between two alternatives, oue of which
is always the status quo. It focuses on the cost savings expected to
be realized from implementing the proposed alternative to the status quo.
Alternatively, the format is arranged to identify whether the savings
expected to be realized by changing from present operations justifies
the cost of changing.

Equal Cost — Unequal Benefit Alternatives

It may be possible to construct egual cost alternatives so that the
choice among them can be made on the basis of bLenefits or efrectiveness.
This 1s particularly likely to be the case for force structure analyses.
For example, it might be possible to equate the cost of & number of
field artillery battalions to missile battalions of a glven type.

If the effectiveness of the "quivalent" number cf missile battalions
exceeds that for an artillery battallon, the missile battalion would
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Fig. 10—Graphic Portroyal of Fixed Cost and Eifectiveness Levels

Alternotive A 8 [ ]
Cost 60 s 80 90
Effectiveness 50 70 80 80

Fixed-Effectivennss Approach:
Assume the reqei od effectiveness is 75. Of
the four alternatives C and D meer this require-
ment., Of thess C hos the lower cost and s
therefore sreferred.

Fixed-Cost Approach:
Assume the constroined budgut level '3 0.
Of the four alternatives A and 3 meet this
teruirement. OFf these B has the higher effec:
tiveness ond is therefore preferred.
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ECONOMIC ARALYSIS/TROGRANM EVALUATION
SUMMARY OF COSTS FOR
FORMAT A-1

1. [Submitting DOD Component:

Date of Submission:

~N
.

3. |Project Title:

4. iDescription of Project Objcctive:

5a.| Prescnt Alternative: 6a. Economic Life:
b.; Proposcd Alternative: b. Economic Life: _
|
|
7.? 8. Recurring 9. Differ-|10. Dis~{11. Dis~
Project (Operations) Costs ential count counted
Year a. Present b, Proposea Cost . Factor| Differ-
~ Alternative| Alternative ential
) Cost
10 :
3.
25,
i
12.
TOTALS

Fig. 11 — Sample Format A-l
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

SUMMARY OF COSTS FCR ECONOMIC ANALYSI1S/
PROGRAM EVALUATION STUDIES
FORMAT A-1

Present Value of New Investment:
a. Land and Buildings

b.v Equipment

¢. Other (identify nuture)

d. Working Capital (Change-plus or minus)

Total Present Value of New Investment (i.e.,

Funding Requirements).
Plus: Value of existing assets to be
employed on the.project
Less: Value of existing assets replaced
Less: Discounted Terminal Value of new
investment
Total New Present Value of Investment
Present Value of Cost Savings from
Operations (Col. 11)
Plus: Present Value of the Cosc‘of Refur-
bishment or Modification: Eliminated
Total Present Value of Savings
Savings/Investment Ratio

(Linc 21 divided by Line 18)

Rate of Return on Investment

B ——————
——

e —————————
———————————
e ————
f e —————————————-—

|

Fig. 11 —Sample Format A-1 (Continued)
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SUMMARY OF CCuTS I'OR ECONOMIC ANALYSIS/
PROGRAM EVALUATION STUDIES
FOTMAT A-1

24. Sourcc/Dexivation of Cost Estimates: (Use as much space as

required)

a. Investment Costs:

(Xtemize Project Costs)
: 1.) Changes in Working Capltal

2.) Net Teirminal Value

b. Recurring Cost (Operations):

1.) Personnel
2.) Operating

3.) Overhecad Costs

¢. Other Considerations: }\

R

E‘

|

!

|
j‘l

25. Name & Title of Principal Action Officer Date

Fig. 11— Sample Format A-1 {Continued)




be the preferred alternative. If not, the artillery battalion would be
the preferred alternative,

A fixed cost level constraiut (perhaps budget-induced) may te
appropriate for certain types of anaiysis. Alternatives tha" do not
exceed the cost constraint are feasible alternatives. The preferred
alternative is simply that feasible alternative having the greatest
effactiveness. .

Figure 10 graphically portrays the analysis apprbpriate for a fixed-
cost probiem. The assumed constraint is 75 unlts of cost. ALternatives
A and B full within the constraint and thus are feasible alternatives.
Alternatives C and D exceed the constraint and therefore awe removed ‘rom
further consideration. GSince Alternative 3 has greater effectiveness
than Alternative A it is tne preferred alternative.

Format A of AR 37-137
the costs of an alternative. The format could prove useful for an

provides a summary device for dccumenting

application similar to that described in the previous paragraph. A
separate format (see Fig.l12) must be prepared for each alternative con-
sidered in a proposal. The format emphasizes totai life cycle costse—
requiring nonrecurring (R&D and investment) and recurring (orerations)
costs to be displayed separately and in total for each year in the
study time frame.

Formats A and A-1l provide step-by-step procedures for calculating
standardizedbelements of cost. The cost formats can be displayed as
summary worksheets (see the DepotMAIDS cuse study in Vol IV for an
example of the utilization of Format A-1). Format B, the counterpart
for benefits (and effectiveness) is primarily useful as s checklist
rather than as an actual worksheet (see Fig. 13).

Unequal Cost = Unequal Benefit Alterratives

The unequal cost with unequal benefits case 1s both the most common

and the most difficult to arrange tar comparison. A baslc upproich is
to order the alternatives from the ieast to the most ccstly and rhow the
extent to which extra benefits are associated with each added increment
of cost. Normally the existing system cr siatus quo siternstive wil.

provide the baseline.
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1. Submitting DOD Component:

I

SUMMARY OF COSTS FOR ECONOMIC ANALYSIS/
PROGRAM EVALUATION STUDIES

FORMAT A

2, Date of Submission:

3. Project Title:
4. Description of Project Objective:

5. Alternative: ' 6. Economic Life:

8. Program/Project Costs
7. a'Non-Recurring Récurring Ce d'Dis- ®Discounted
Project | Annual | count Annual
Year R&D jInvestment Operations Cost Factour Cost
1‘
2.
3.
25,
9. ¢
TOTALS |
10a, Toral Project Cost (discounted)
10b. Uniform Annual Cost (without terminal value)
b
11, . Less Terminal Value (discounted)
12a. Net Total Project Cost (discounted)
12b. Uniform Annual Cost (with terminal value)

Fig. 12 — Sample Format A




SUMMARY OF COSTS FOR ECOMCMIC AMALYSIS/
PROGRAM EVALUATION STUDIES
FOTMAT A

13. Source/Derivation of Cost Estimates: (Use as much space as

required)

a. DMNon-Recurring Costs:

1.) Research & Develooment:

2.) Investment:

b. RAecurrine Cost:

co Mot Termiral Yalue:

d., QOthey Considerationn:

14, MName & 1itle of Principal Action Officer Date

Fig. 12--Sample Format A (Continued)
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4.

5.
7.

SUMMARY OF OUTPUTS FOR ECONOMIC ANALYSIS
OR PROGRAM EVALUATION STUDIES
FORMAT B

Submitting DOD Component:

Date of Submiszion:

Project Title:

Description of Project Objective:

Alternative: ‘ 6. Economic Life:

Qutputs:

a. Expected Benefits, Output, and Indicators of Effectiveness:

(Describe and justify)

b. Non-Quantifiable Benefits: (Describe and justify)

¢. Present Value of Revenues: (Describe and justify)

Fig. 13-— Sample Format B
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SUMMARY OF OUTPUTS ZFOR ECONUMIC ANALYSIS
OR PROGRAM EVALUATION STUDIES
FORMAT B

8. Source/Derivation of Qutputs: (use as much space as raquired)

a. 3denefits, Performance and Indicators of Effectivaness:

b. Non-Quantifiable Benefits:

€. Present Value of Revenues:

9. Hame & Title of Frincipal Action Qfficer Date

Flg.‘lB‘n—Sample Format B (Continued)
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In some cases an apparent unequal cost — unequal benefit problem
can be translated to one where either costs or benefits are equal. The
basis for doing this is the analyst's judgment that the costs or benefits
of all system alternatives are in the same ballpark. The purpose of
doing this is that equal benefit or equal cost problems are more amenable

to analysis and presentation of firm conclusions.

INCORPORATING UNCERTAINTY ANALYSES

Comparisons and rankings must be performed not only for the original
data set but for any other data sets employed in uncertainty analyses.
' CGraphical approaches such as those outlined in Chap. V of Ref 1 become
particularly useful for portraying the results of such analyses, The
reason is that the economic analysis may more closely approximate
a continuous problem under uncertainty &bnsiderations. For example,
if contingency analyses are performed in which fixed benefit or
cost consfrainfs are relaxed it beccmes possible to graph costs against
benefits and to denote the ranges over which the various alternatives
are prefefred.

Flgure 14 depicts the type ot diagram that might result from relaxing
cost or benefit constraints. Alternative A in the diagram is the pre-
ferred alternative over the runge R} because in this range 1t achieves
a given level of benefits at lower cost than any of the remaining three
alternatives. Similarly, Alternatives B and C respectively are the
preferred alternatives over runges Ry and R3. Alternative D is always

inferior to ot least one alternative over all three ranges.

] A »
c
[+
Costs
B
]
A
<8 >€— Ry —D€—— Ry —>
Benefits

Fig. lb—Graphical Analysis of Preferred Alternatives
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FORMUTLATING RECOMMENDATIONS

By the time the analysis 1s over, the analyst generally will have
formed an opinion concerning the "best” alternative. The question is
whether he should fc-mulate a recommendation and iusert it in the
analysis or whether to refrain from any recommendations and permit
the study results to speak for themselves. Some would argue that
adoption of the first course would represent an unwarranted invasion
into the decision maker's prerogatives. On the other hand, many would
point out that by holding back carefully thought out recommendations
the analyst is failing to provide the decision maker with -an importaht
form of information. _

It i{a difficult to provide specific guidance cencerning formu hﬁbn
of recommendations. Sometimes the tasking order or governing directive
may provide required gui.ance. If not, perhaps the best advice is:

"Try to discover the decision maker's preference in this area." Certain
d2cisjon makers will prefer hard and fest recommendations; others will

prefer presentation of results without accompanying recommendations.




7 STATISTICAL CORCEPTS

INTRODUCTION

A treatment cof economic andlyses would not be complete without at
least a brief description of some of the statistical concepts which are
integral to the design and implementation of complex analyses. This
section discusses the design of experiments, functional relationshiis,
protability, sampling, statistical distributions, and statistical inference.

tESIGN OF EXPERIMENTS
The term "design of experiments” refers tov how research desta are

collected and under what ~onditions the research is to be conduct~d.
After the decision to conduct an economic analysis is made it is often
the case that the researcher is so0 anxious to ge. started he collects
every plece of data in sight before he has given thought as to what he
should be collecting and how he should collect it. The purpose of de-
signed experiments is to facilitate proper and adequate collection of
information without wasteful expend_ture of resources. This objective
can be achieved only if the analyst proceeds in a careful and systematic
manner from the outset,

Hicksu2 outlines the steps which should be followed in the design
of experiments. First, the experiment itself must be clearly defined and
then the design must be defined, The definition of the experiment in-
cludes a precise statement of the problem to be studied, the choice of

-dependent veriables and independent variables, the range of allowable

hzﬂicks, Charles R., Fundamental Concepts in the Design of Experi-
ments, Holt, Rinehart and Winston, New York, 1904,
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values for the independent.variables, and the functional relationships
between the dependent and independent variables. In many instances it
is not possible to clearly define these requirements at the outset.
However, by consiructing a prelininary set df conditions for the variables
and the functional relationships, a logical starting point is defined
which facilitates the research and eliminates approaches which are not
feasible. - -
The design of the experiment requires defining the sample sizes to
be taken, defining the ordering of the samples, e.g., fixed or random,
defining the method which will be used to randomize the sample {if any),
and specifying the fcrm of the mathematical model used to describe the

experiment. Mathematical procedures are available for determining optimal =~~~ = "~ ~

sanple sizes with respect to cost and desired levels of precision.

!
FUNCTIONAL RELATTONSHIPS' 3™

A function is a rule that associates with each element in a set X
one or more corresponding elements 'in the set Y. If Y is a function of
X, then we say that Y is the dependent variable and X is the independent
variable. If only one value of Y is associated with each value of X,
then the function is sinsle valu=d. If two or more values of Y are
sssociated with a single ~ralue of X, then the function is multi-valued.

As stated in the previous subsection, one of the tasks of the experiﬁ”/
mental design approach is to determine the functional relation between the
dependent and independent variables. Unless pricr knowledge exists with
respect to the appropriate form. the researcher must empirically determine
a suitable form which conforms to the historical data.

Regrecsion analysis is one of the most frequently used tochniques to
estimate functional relationships in economic analyses. However, before
any regressions should be made the researcher should construct scatter ... .

diagrams to determine a visual plicture of the relationships. Very often

u3Hart, William L., College Algebra, D. C. Heath und Company, Boston,

1353.

L
hPurcell, Edwin J., Calculus with Analytic Geometry, Appleton-

Century-Crofts, New York, 1965,
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a scatter diagram will suggest functional relationships which can then
be tested with the more complex tools of regressions analysis. Scatter
diagrams are discussed in Appendix C.
. Some of the functional forms which are frequently encountered in

Army eQOnomic analyses are

1. The lincar form

2. The logarithmic form

3. The square root form

4. The reciprocal form
These forms are illustrated in Fig. 15.

a+bX Y = a_Xb
Linear Logarithmic
X X
Y Y
Y = a+bis a+b;x—
Reciprocal

- Square root

Fig. 15—Simple Functional Relations
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PROBABILITYus’hG’u7

The probability of an event is a number in the interval from O to 1
which represents the relative likelihood that the event will occur. The
term "probability" is familiiar to almost anyone who has played poker,
bridge, or other chance games, Probability theory is the cornerstone on
which statistical methodology is based, and an understanding of prob-
abilities is necessary to effectively apply statistics to problems of
econcmic analysis. .

The probability of an event occurring refers to the likelihood of
its occurrence. A knowledge of the exact probability of an event does
not guarantee that the decision maker can predict the occurrence of that
event. The probability of an event refers to the relative frequency of
an event in a large number of trials. For example, the probability of
obtaining a head cn one flip of a coin is 1/2, but it may take as many
as 5 or 6 f1ips of the coin before a heéd is observed, The meaning is
that if one were to flip a coin a large number of times, the percentage
of *times a head would be observed would approéch 1/2 as the number of
fl1ips becomes very large.

Mathematically, the definiticn of probability might be cited as

n
p = 1lim A
n9o >®n

where p represents the probability of the occurrence of event A
n represents the total number of trials

n, representc the nunber of times A occurs in n trials.

Thus, pAis read as the probability of an event A and is equal to the
ratic of the number of times A occurs in n trials when the number of
trials is infinite.

Obviously, to estimate probabilities empirically, one cannot’' conduct

the experiment an infinite number of times. A finite number has to be

L
5Bryant, Edward C., Statistical Analysis, McGraw-Hill Book Co.,
New York, 1966,

Nrake, Alvin W., Fundamentals of Applied Probability Theory,
McGraz-Hill Book Co., New York, 1967.

T
Hadley, G., Introduction to Probability and Statistical Decision
Theory, Holden-Day, San Francisco, 1967.
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selected. How large a number does n have to be to provide a |[reasonable
estimate of the true probability? The answer dépends on the [true prob-
ability itself. The rule which applies is that the closer the true
probability is to 1/2 the smaller the sample size required tq estimate
it. For readers who want empirical proof, try flipping a coin 50 times
and try casting one die 50 times. Record the frequencies of heads and
tails on the coin and the frequencies of the numbers 1 through 6 on the
die. Then calculate the relative frequencies of each event, |e.g., the
number of heads, tails, ones, twos, etc. If the experiment is repeated
a numbef of times, the relative error of estimsting the events on the
coin wh:re thg probability is pf/'e will invariably be less thdn the rela-
tive error of estimating the évents on the die where the probebility is
1/6 for each event, .

The probébility that event X will occur is written as

p(X) = probability that event X will occur.

If X is the event that a'head appears on one flip of a coin, then

p(X) = 1/2.
If X is the event that a three appears on one cast of a die, then
p(X) = 1/6. ‘

>It is important to rememﬁar that in applying probability theory to
problems cf economic analysis the actual realization of the outcome 1is
dependent on repeating the experiment enough times to allow the results
to converge on the true probapilities. Unfortunately, when dealing with
economic problems such as esﬁ#mating‘the cost of a new aircréft or de-l’
signing an attack strategy the number of sample observations| is not very
large and, consequently; the outcome of the experiment may not conform
to the expectations.r It is for this reason that extreme care should be"
taken when interpreting the results of statistical analyses.

SaMPLING 0219250

Statistical sampling is the process of drawing elements| from a

population in a random manner so that inferences about the pfpulation
)

4 i ’
4 Cochran, William G., Sampling Techniques, John Wiley & Sons, Inc.,
New York, 1563 !
|
i
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may be made on the basis of the sample. In statistics the term population
or universe is used to mean the coilection of all items or events under
consideration for analysis. For example, the population might be all
items in a shipment of electronic components, or all employ=es on a
military base. Also, the population may be defined as only a segment of
the shipment of electronic components, or a segment of the employees on
a military base, e.g., all employees over the age of "9, The.point to
be made is that the populaticn 1s defined by its end ﬁse. If the objec-
tive of the analysis 1s to determine the characteristics of all employed
members of the base over 4O, then the population is defined accordingly.
The objective of sampling is to make inferences about the population
without having to examine every member of the population. A carefully
selected sample enables the researcher to obtain a high degree of pre-
cision in estimating the characteristics of the population at a substan-
tially lower cost. Even if cost and time were not a constraint, in many
instances it 1s not pcssible to sample all members of the population
because the members of the population are not readilylidentifiable or
because sampling causes destruction of the items, such as testing wire

for tensile strength.
The statistical probabilities or inferences which are made on the

basis of the sample are valid only if the sample is randomly selected.
"Randomly selected" means that every member of the population has an
equal probability of being selected in the sample. Clearly, if some
members of the population were significantly more likely to be selected
than others, the results would be biased in favor of those with the
hichest probablility of selectien.

Techniques are avajlable for 1ncréésingvfhe‘ﬁféciéionrof a given
sample sirze and for reducing the cost of a ."iven sample size. Stratifi-

cation is one method of increasing the precision of a sample of a given

)
q’Feller, W., An Introduction to Probability Theory and 1ns
Applications, John Wiley & Sons, New York, 1957.

5Clwode, Elmer B., Elements of Statistics, Prentice Hall, Inc.,
Englewood Cliffs, New Jersey, 1961,
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size. Stratification involves segmenting the population into subpopula-
tions of members with similar characteristics and then subsampling the
members of the subpopulations. The total variability of the sample will
be reduced with a corresponding increase in precision.

'Cluster éampling is an effective method of reducing the cost of
sampling when the populaction is spread over a large geographical area.
This type of sampling is used frequently by the Department of Commerce:
in the census surveys. Cluster sampling involves segmenting the popula=-
tion into peographic segmments, then thLe reorraphic segments are randomly
selected from which to draw the sample. In some instances clustering
may reduce precision and, therefore, should not be used unless the cost

of sampling is a major problem,

STATISTICAL DISTRIBUTTIONS O~

A statistiral distribution may be defined as a listing of all the
valucs 1 variable mny assume and the frequency with which each value
occurs in a civen number of trials of the experiment.

An example of a frequency distribut;on for defective pieces of equip-

ment out of 100 shipments of items is given in Table 5.

Table 5

DISTRIBRUTION OF NUMBER OF DEFECTIVE PIECES
IN 100 SHIPMENTS OF EQUIPMENT

Number of Shipments with designated
defective pleces number of defects Fraction
0 50 «50
1 | | 20 .20
2 15 «15
3 8 .08
L I Ol
5 2 .22
6 .01

¢

'Jbuncan, Acheson J., Quality Control and Industrial Statistics,
Irwin, Homewood, Illinois, 19065,
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The graph of this distribution is given in Fig. 16

Frequency
60

50
4o

30

20

10 ' '
‘ Number of
0 efects per
6 shipment

Fig. 16—Frequency Distribution

It can be seen that the graph also may be used to represent the probability
of obtaining a specified number of defects. For example, the probability
of obtaining a shipment with exactly one defect would be .2.

P{1) = .20
The probability of obtaining a shipment with less than three defects
would be .85,
P(0) + P(1) + P{2) = .50 + .20 + .15
= 85
The probability of obtaining a shipment with at least three defacts
wouid be .15.

P(3) + P(4) + P(5) + P(6) = .08 + .04 + .02 + .01
a2 .15
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STATISTICAL INFERENCE 119649

Statistical inference may be defined as the process of drawing
conclusions about a population from a sample taken from that population.
The population is typically characterized by two parameters, the mean and
the variance. The mean is a measure of central tendency which gives the
average value for all members in the population and the variance is a
measure of the dispersion of the values around the average. The square
root of the variance 1s called the standard deviation. " The sample also .
is characterized by a mean ard a variance. The mean and the varlance of
the sample are w2d to make inferences about the mean and the variance
of the true population.

The mean of the population is usually symbolized by ,, and the variance
is symbolized by cg. The formulae for these parameters are

N
b= T X
1-1 !
N
where X1 is the value of the ith element in the population
N is the number of individuals in the population
N ~
o2 =T (Xi - »)©
i=1
N

A knowledge of the true mean and variance of the population is sufficient
to calculate the probability of selecting any element from the population
with a random sample. In most applications to econcmic analyses the true
mean and variance are not known and have to be estimated from the sample
itself,

It can be shown mathematically that the sample mean is an unbiased
estimate of the population mean. This means that the average value of
all possible samples of each size will equal the true population mean.
The sample mean is represented by X and its formula is

- n
hN
n

where n is the number of elements included in the sample.
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The sample variance is represented by 82 and its formula is

The sample varlance is also an unbilased statistic.
The use of the sample mean and variance in statistical testing of

hypotheses will be i1llustrated in Appendix C 1n the section on Significance
TeBtiz}E . . )
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INTRODUCTION

The appendices contain descriptions of scme of the important tech-
niques used to perform economic Analyses. The format used to present
the techniques is as follows: Purpose, Genersl Descripiion, Sample
Application, Limitations, and References.

Maximum use has been made of existing DOD and Service publications
in preparing the appendices. Where possible, material from such sources
has been simply rzproduced. Commercial publiéations have been used for
additional background. )

Since one of the pufposes of the appendices is to alert the reader
to additional sources, attempts have been made to assure that the pub-
lications cited are widely available. Generally, at least two sources
are indicated in each description of a concept or technique and are
annctated where helpful.
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A.l BREAK-EVEN ANALYSIS

PURPOSE
Break-even analysis is used in commercial applicntions to help in-

vestigate the relations among sales, costs, plant sire, and other factors
relatad to profits. The sales break-even pcint is defined as the sales
volume necessary for an enterprise to sxactly match revenucs and expenses.
The nature of expenses in relaticn to sales is graphed, the break-even
point determined, and the graph used at other sales volumes tc estimate
rrofits or losses. '

In the military context the focus is gererally not on determining
the sales volume necessary to break even. Instead, the purpose of the
analysis is to determine break-even poincs such as the production
quantity that equals the present value of a required investment or

whether to follow a make-or-buy policy in a given situation.

GENEFRAL DESCRIPTION

A break-even point sepa;ates a production range into two sectors——
éconémic ahd ﬁoneconomic. Depending on the éype of analysis, this point
can be defined as the production quantity with a cavines/investment (S/1)
ratio of 1.0, a purchase/production cost ratio of 1.9, ot

A break-even annlysis typically assumes linear returns. Where the
returni function is linear throushout all production gquantities, no more
than two quantities with related cost and "rovenue" data are needed for
sraphing purposes. Fivure 17 shows a return function representing the
percent return of savings (or forermcne purchases) on investment {or

production costs). The data used in its construction nre as follows:
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Annual
Quartity/Dey  Investment ($) Savings ($) S/I

100 1000 200 .2
200 1000 Loo s

It should be noted that for the return line in Fig. 17 only date on one
of the above vroducticn quantities would actually be required. This
results fram the fact that the line passes througch the origin.

The break-even production quantity occurs at the juncture of the
rezturn line and a horizental line drawn at the return ratio of 1.0~
a producticn quantity of 5C0O in Fig. 17. It cen be seen that all pro;
duction quantities to the left of 500 have a return r~ - less than 1.0

and all to the right a ratio greater than 1.0.

1.5 -
o
o}
4
‘.‘zd
L 1 Return line
S Return ratio = 1.0 !
5 1.0 = = tBreak-even
2
0 t point
v 1
z- :
A i
=~ 1
s '
g H . 1
. o4 | ] :
> .5 ‘, | :
J . |
‘ Non-Zconomic | Economic
,/”/ gl production ! production
| N 1 . .
0 A _ : 1 : . . \l -
100 200 300 Loo 500 600

Quantity/Day

Fig. 17—Sample Break-Even Chart

SAMPLE AFPLICATION

The following example is taken from the Munitions Command (MUCOM)
Economic Analysis Manuall (pp VII-13 to VII-23).

| The manual notes that the type of information provided by break-
even analysis is twofold:
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First, we know what quantity of production is required

before the project becomes worthwhile, economically speaking.

Second, we can estimate the economic potential of proposed

investments at all ranges of production, including, fcr

example, the mobilization level, current production level,

or any production level.

The manusl provides two formulas for mathematically determining
the break-even point. The first formula is applicable to projects that
40 not involve an increase in ﬁroduction quantity (Fig. 17, for example).
The second formula is used in situations where the proposed project will

incrz2ase production quantity.

. ,
X = =t (1)
Ky
x = (K8,CC - K8,CC) + Y (2)
F

X = break-even quantity expressed in tons per day
K = constant which depends upon economic life (10 years = 6.447)
S, = savings/ton/year tor quantities less than current capacity

S, = savings/ton/year for quantities greater than current capacity

CC = current capaciiy, expressed in tons per day

¥ = present value of investment

A sample prchlem involving increased plant capacity is described below.t
Let's assume that Plant A is considering replacing its TNT lines
with new lines. Besides increasing operating efficilency, it will also
increase capacity from 40O fo T70C tons per day. Mobilization require~
ments are 685 tons per day, but current requirements are b25 tens per
day. The present value of the investment is $15,000,000. Differential

costs per ton ar= as follows:

115




First LOO tons:

Personnel
Maintenance
Utilities
Cverhead & Fringe
Manuf. Overhead
Total

4ol to 685 tons. . . . . . . .

Present Facility Proposed Facility

2.72
L.91
1.05
2.29
814 .03
>§6000

$ .92
1.39
2.20

.32
.37

HR

The zited differential costs per ton form most of the basic infor-

maticn required to calculate the expanded facility break-even point
(see Eq 2 for the appropriate calculation). TFactors, their values, and

sources are as follows:

Factor Value

Source

K 6.447

cc 400

S, | ($90.00 - $36.7é) x 360
8y ($14.03 - $5.20) x 360
Y ' 415,000,000

Value spprupriate for uniform
savings over 1O0-year period at
10 percent discoupt rate—
Table B AR 37-13.°

Plant A current capacity in
tons per day—part of problem
specification.

(Difference in savings between
present and proposed facility

per ton for daily tonnage ex-

ceeding 400 tons) x number of

production days per year

(Difference in savings between
present and proposed facility
ver ton for daily tonnage less
than 40O tons) x number of pro-
duction days per year

Present value of investment re-
quired to increase Plant A
production capacity from LOO to
700 tons per day—part of
problem specification.
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The graphical solution to the break-even analysic for the hypothet-
ical plant expansion problem is shown nt Fig. 18. The return line was
computed by calculating S/I ratios at three production levels—one less
than current capacity, current capacity, and one greater than current
capacity. The plotting data are as follows:

Production Levels- Tons per ey

200 koo 685
Annual Savings $ 635,75  $1,271,520  $ 6,733,944
Sevings—10 years
(d1scounted) 4,098,745 8,197,489 43,413,736
Savings/irvestment
ratio 27 .55 2.9
S/I Ratio
3.0 ¢+
2.5 &=
2.0 -
1.5 }= Brt ak-even point

S/I ratio = 1.0

1.0
[}
[]
1
1
]
]
)
0:5 p :
[]
]
!
i
0.5 L 1 ! 1 1 ' 1 N )
100 200 30C 400 500 600 © 700

Tons per Davy

Fig. 18-—~Break-Even Analysis
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LIMITATIONS

The linear return assunption underlying break-even analysis mekes
it simple to use but inappropriate for many real problems. Break-even
analysis is most effective when applied to short range problems involving
relatively limited policy alternatives, The technique should be used
with caution in any economie analysis study that involves extrapolation
over a considersble time period and/or range of production.

"CITED REFERENCES

1. Munitions Command, Office of the Comptroller, Cost Analysis Division,
Economic Analysis Manual, Mar 72,

2. Dept of Army, "Economic Analysis of Proposed Army Investments,”
AR 37-13, 6 April 73.
OTHER REFERENCES

1. Richard I. Levin and C. A. Kirkpatrick, Quantitative Apnroaches to
Management, McGraw-Hill Book Co., New York, 1965.

118




A.2 DISCOUNTING

PURPOSE
Discounting is one of two techniques used to adjust dollar amounts

occurring in different yeers to a common base. Discounting adjusts for
the tice value of money through consideration of un apprepriaste interest
rate., Price indexes adjust for changes in the purchgsing power of the
dollar over time, i.e., inflation or deflatién.

Discounting permits comparisons of alternative time-phased cash
flows by *translating the flows into present day dollar totals. Such a
dollar total is commonly referred to as the present velue of the cash
flow. A 10 peicent interest rete is required to be used in computing
the present values of costs and benefits for most Army ecoromic analyses.l

£

DESCRIPTION

The theory underlying the use cf discourting is that the productive
uses of money mske a dollar today morz valuable thar a dollar in the
future. One productive use is to loan money and to accrue interest over

the 1life of the loan.
At an interest rate of "i" corpounded anmually a loan of P would

grow to a sum of Fl at the end of one year as follows:
F) = P+ (Pxi) or factoring,

F, =Px (1+1i).

The sum P represenis the return of the original principle and P x i

&

represents the interest easrned.
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The future value of $1 for 1 year at 10 percent interest is then
F, = $1 (1+.1)
F, = $1 (1.1)
Fl = $1.10

Placing a loan for 2 years is equivalent to placirg a loaa
for one year and reinvesting the proceeds, provided that reinvestment can

be made at the same rate of interest. Thus,

F, = F) (1+1) = P(141)(1+1)
= 32
F, = P (1+1) ,
F, = $1 (1.1)° = $1.21
where F2 is the future value of the anourt Fl efiter 1 year or the future

value -of P after 2 years. In general, Fn’ the future value of P at the

end of n years, can be shown to be
— .\n
o= P(1+i)".
For example, at a 10 percent interest rate the future value of $1 at the

end of 5 years lis
g = $1(1.1)° = $1(1.61) = $1.61

To evaluate a future dollar in terms of its present value, the above logic
must be reversed. That is, if Fn is the nmourt of money spent or received
at the end of the year n, then its presznt value P with respect to interest
rate 1 is simply

F
P = =L
(1+1)"

The present value of a future amount n years from now is equal
to the future amourt, F , times the discount factor, 1/(1+1)%, For ex-

ample, the present valve of $1.61 5 years from now is $1 at a 10 percent

interest rate.
The akove calculations essume that cash flows occur at the end of
each year., Since cash {lows may also occur throughout the year, the

end-of-year discount factor, 1/(1+1)", is often replaced by the continuous
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discount factor.:

i
(1+1)" tn (1+1)

fornz1.

The continuous discount factor is equivalent to the erithmetic

average of beginning and end of the year discount factors found in stan-

dard end-of-year present value tables. Table & contains the continuous
disecount factors at 10 percent interest for 25 years. Table 7 is the
cumulative total of the discount factor appesring in Form?t A. These
tables were extracted from AR 37-13 and previde the discount tactors for
use in Army economic analyses.

APPLICATION
The following example is taken from the Munitions Command (MUCOM)

Economic Analysis Manual2 (Section I1). The purpose is to demonstrate
the technique of discounting, and while the gxample is involved only ‘
with costs, it should be remembered that both receipts and expenditures
can be discounted in an economic analyses. The projéct cost format
used in this example is standard for Aray investments.

The Colden Star Corporation at lost Creek, Tinbycktwo, must
do something about the excess oil that it has been Jumping into
Sunflower Lake. Pollution control authorities have given Golden
Star two years to improve its pollution of Sunflower lake to an

acceptable level. ] 4
You have explored all alternatives and found t%o avenues
open. They are: ot

!

1. Buy a filtration unit from Poor Boy Company at & cost
of $80,000. Since Poor Boy is short on funds, a downpeyment
of $60,000 would be required when the order is placed. The
balance would be paid when the unit !s installed, approximately
23 months later. The unit is guaranteed to mainfain acceptable
emission levels for 10 years. lLabor costs to run “he unit are
$2,000 per year.
‘ 2. The Union Machinc Company has a patent on a new process
which will also maintain acceptable emission levels, This
process can te installed at the beginning of Year 3 znd will

be operational for the entire year. The process which will
last five years can be installed in 10 minutes and costs $10,000
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TABIE 6 1/ TABLE 7 2/

PRESENT VALUE OF $1 (Single PRESENT VALUE OF $1 (Cumulative
amount - To be used when cash- Uniform Series - To be used
flows accrue in different amounts when cash-flows accrue in the
each yzar). same amount each year).
Project
_Year | 10 107
1 G.954 0.954
2 0.867 : 1.821
3 0.788 2.609
4 0.717 3.326
5 0.652 3.977
6 0.592 4.570
7 0.538 : 5.108
8 0.489 ‘ 5.597
9 0.445 6.042
10 0.405 ! 6.447
11 0.368 6.815
12 0.334 7.149
13 0.304 7.453
14 0.276 7.729
15 0.251 7.980
16 0.228 8.209
A 0.208 8.416
18 0.189 8.5605
19 0.172 8.777
20 0.156 : 8.933
21 0.142 9.074
22 0.129 9.203
23 0.117 3.320
24 0.107 3.427
25 0.097 9.524

17 Factors are based on continuous compounding of interest at the
stated effective rate per annum, assuming uniform cash flows
throughout stated one-year periods., These factors are equivalent
to an arithmetic average of beginning and end of tha year
compound amount factors found in standard preseant value tables.

2/ Table B factors represent the cumulative sum of the factors in
Table A at the ead of any given year.

122




installed. Union agreed to cell Golden Star a replacement unit

at the end of five years for $10,000. Union will charge $1,000

for removal of old uni¢ plus the used materiel and parts which
are velued at $2,000. Latvor costs using Union's process are
$10,000 per year.

Table 8 compares the actual cash flows and the discounted cash
flows ror the Poor Boy and Union Machine alternatives. It can be szeen
that the total costs of the two systems are $100,000 and $121,000,
respectively, but the total discounted cost or present value costs are
$85,236 and $66,539, respectively. The least costly alternative, the
Union Machine unit, is today more than $18,000 less costly than the
Foor Boy unit even though for the twelve-year period the cash flow to
Union Machine Compeny will be $20,000 more than to Poor Boy Company.

It should be noted that a third alternative, ceasing operations,
is avnileble. In this case 'a more thorough economlc analysis would be
required which considers all custs associated with the Golden Star
operation as well as anticipated revenues from continued operation.
Only in this way could the Golden Star operations be analyzed in terms
of its profitability.

LIMITATIONS

Discounting is an established method of adjusting cash flows to
take into account the opportunity costs of cupival. It "1s not a cost
estimating tachnique in the sense that it makes the figures more valid
or accurate.”> Benefit or cost figures that are unrellable before dis-
counting will remain unreliable after discounting.

The 10 percent interest rate established as the standard for dis-
counting in Army economic analyses 1s intended to represent the returns
that ars forngone by investing in a public rather than private project.l
The rate is not intended to incorporate consideratiors of uncertainty
or of inflation.
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A.3 UNIFORM ANNUAL COSTING MMTHCD

PURPOSE o ‘
i
Uniform annual costing method is an extensicn of the discounting

. techniyue which should be used when alternatives have different project
lives. It is obtained by dividing the total present value cost by the
sum of the disccunt fsctors for the yeurs in wiich an alternative yields
benefits. The alternative with the smallest uﬁiform annual cost is
assumed L¢ be the least costly. It is not app}opriafe to compare the
present value costs of alternatives with diffe%ent project lives. The

appropriate method is to compare the uniform ahnual costs.

DESCRIPTION ’ :

Using simple cash flow diagrams, the relaiionships among actual
cost flow, present value cost, and uniform annhal cost can be established.
A typical expemditure cash flcw for an inveetment might look like Fig. 19.
Investment expindltur°s are made at the beg1nn1ng of a project while in
the latter years (2 tircugh n) recurring costs' are required to maintain

the project while benefits from the proiect aré realized.

)
1

4 5 6 | n-1

L I o

TR T

Years

el 5

Fig. 19-—Actual Cost Flow
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The technique ¢f discounting allows the cash flows represented in
Fig.iS'to be represented by one amount in today's money. This amount,
the present value cost, takes inco consideration the time value of money
and is prescnted by Fig. 20.

3 45 6 . n=ln
" A e 4 2 " " & A " . e . a & o -l Years

o
e
b ro

Pig. 20—Present Value Cost

It is important to note that the cash flows illustrated in Figs. 19
and 20 are equivulent, and there would be complete indifference between
the two cash flows.

The uniform annual cost 1s calculailed by dividing the present value
cost by the sum of the discount factors for the years over which the
project yields benefits. The sum of the discount factors is from year 2
through year n for this example because benefits are not realized until
year 2. Figure 21 represents the uniform anmual cost flow. This is the
constant dollar amount that paid annually throughout the beneficial 1ife
of the project would just equal in discounted sum the present value cost

for the project.

Y

r O

<
R J
R - 4

< et w
o —t

o =t \n
< g3 O\

TTTTTITITI

127




To summarize, the cash flows represented by Figs. 20, 21, and 22
are equivalent and there would be complete indifference in choosing among
the thuee.

APPLICATION O .

The following example has been based on the Munitions Cormand (MUCOM)
Economic Analysis Manuall Section II. It is intended to demonstrate.
the proper use ot uniform annual costs for ulternatives with different
project lives and represents a continuation of the example contained in
the Discounting section of this appendix. The format used to display
project costs is the standard format for all DOD investments.

Problem .

The Golden Star Corporation has been notified by the Union Machine
Ccmpany that Union Machine will no longer agree to sell Golden Star a
replacement unit at the end of 5 years for $10,000. Moréover, the in-
stalled cost ‘of the process et the beginning of Year 3 has risen to
$20,000. Union Machine will guarantee the entire process for 8 years
of operetion instead of the ouriginal 5 years.

Analysis L ,

Union Machine's decisions do not affect the economic analysis of
the Poor Boy alternative but they do necessitate the calculation of
uniform anmual costs for beth alternativeé (the project lives are no
longer equal). Table 9 shows the Poor Boy slternative cash £low and
the present value cost as before. The uniform annual cost alsc has been
calculated by dividing the present value cost, $85,236 by 5.328, the

_ sum of the discount factors for those years in which the Poor Boy unit
would operate (years 3 through 12). The uniform annual cost of $15,998

means that Golden Star Corporation would be indifferent to pesyiug a lumo

sum of $85,236 today for the Poor Boy unit for years 3 through 12 or
raying $15,998 per year for years 3 through 12 for the same unit.

Table 10 shows the revised cash flow and present value cost for the
Union Machine altzrnative. The uniform annual cost of $13,407 was cal-
culated by dividing $62,020 by L4.626, the sum‘of the disccunt factors
(Col 4.) for years 2 through 10. A comparison of uniform annual costs
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Table 9§ -

ECONOKIC ANALYRIS - DUD IHVESTUABRNTS
KUMBARY OF PROJRCT CORTS

FORMAT A

Golden Star Co-poration

1. Xubmitting DeD Componrat:

2. Date of Submission: April Tl —

3. Preject Title: Sunflower lake Pollution

4. Dwerription of Preject Objective: Clear up “ollution Susfiower lake.

5 Alernative: _FOOT Boy Unit - o pearmie Life: 10 years

'o. Project Cante
'Y | e. & [ X

A Nenrecurring Recurring Disssanta
Preject Anuual Discount Anmual
Your Investrent Operatiors Coets Pactor Cont
1 $60,0C0 0 |$60,000 | .954 $57,240
2 20,000 0 20,000 867 17,
3 $2,000 2,000 .708 1,57
b 2,000 g,000 | .17 1,43%
5 2,000 2,000 652 1,304
6 2,000 2,000 .502 1,184
7 2,000 2,0C0 .538 1,076
8 2,000 2,000 | .485 o8
9 2,000 2,000 s 800
10 2,000 2,000 Lhos 810
11 2,600 2,000 .368 736
12 2,000 2,000 334

Y

roraLy  $80,000 ‘$20,ooo £100,000 | 7.149 485,236

} ; 5,230

10a. Total Project Cost (discounved) ’ 415,96

106, Uniform Annual Cest (withcut terminal valee) 0
11.  Less Terminal Value (diseounted) -
1%a. Net Total Project Cost {discountad) B5.236

15, Usiform Annual Cost (with terminal vaive) $15,98

18 Sewrce ‘Derivation of Cost Estimates: (use as wveh space aa requived)

a. Nowrecurring Costs:
1) Resesrch & Development:

1) Investment: $30,000
b Recurriag Cost: $20,000
& Net Termina® Jalos: Q=
d. Other Considerations:
14. Name and Title of Principal Action Officer [ Dats
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Table

10

RCOHMOMIC ANALYRIS-DOD INVESTHMENTS
AUMMARY OF PROJECT COSTY
FORMAT A

Golden Star Corporation

3. Xebaitting Dol Comp

Gt

2. Dats of Submi Avril 71
3. Project Title: Sunflower lake Pollution
4. Description of Project Objective: Clear up Pollution Sunflower lake
S Alternative; _Union Machine 6. Eesmemie Lifs:__ 8 vears
8. Project Coata
a | % e. d ('Y
T Noareeurring Recurring Distounta’
Projeet Anacal Disrount Annes)
Year Iavestment Opersticns Cocta Paetsy Coet
1 Q- -0 -0- LG54 «0-
2 -0~ -0- «0=- .867 «0-
3 $20,000 $10,000 |$30,000 .788 $23,6hC
4 -0- 10,000 | 10,000 LT (5170
S -O- 10,000 { 10,000 652 6,520
6 -0 16,005 | 10,000 502 5,920
7 -0- 10,000 | 1C,000 .58 5,380
8 $20,000 10,000 | 10,000 e 4,890
9 10,000 | 10,000 ks k,L450
10 10,000 | 10,000 Azs 4,050
11
12
9.
TOTALY  $20,000 $80,000 | $100,000] 6.447 $62,020
16a. Total Project Cost (disesuntad) $62°020—.. $ ho
i Uniform Annual Cost (without terminal value) 0= __]'_?ii,f—z,
11.  Lesa Terminal Value (dizeounted) DU
12a. Nat Total Projeet Cost {discountad) £62,020
125 Uniform Annual Cost (with terminal value) M
13.  Zourrer Derivation of Cost Estimates: (unse as mueh spece as required)

a. Nonzecurring Costs:

1) Research & Development:

2) Investment:
Rocurriug Cest:

e. Net Termins! Valne:
Cther Conaiderations:

$20,000
$80,000

-0-

14. Name and Title of Principal Action Officer
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shows that the Union Machine alternative remains the least-cost alterna-
tive although it must be remembered that Union Machine will operate for
eight yesrs, ocpposel to the ten years for the Poor Boy unit. Without
additional facts, it 1s impossible to evaluate this intangible although
it is possible for either the shorter or longer project to be more advan~
tageous to Golden Star. '

LIMITATIONS , ‘

Uniform annual cost calculations are an extension of discounting
and thus share its limitations (see Discounting in this Appendix).
Moreover the uniform annual cost approach ls approved by economlc
analysis guidancégonly when the economic lives cannot somehow be set
equal:

The economic lives for the alternatives should be set,
whenever pecssible, so that the alternatives yield bvenefits for

the game periocd of time.

If this is not possible, use the uniform annual cost
computation ... to provide a more complete analysis cf alternatives

with unequal lives.

CITED REFERERCES

1. Muritions Command, Office of the Comntroller, Cost Analysis Division,
"Economic Analysis Manusl," March 1972,

2. Dept of Army, "Economic Analysis and Program Evalustion of Resource
Management,” AR 37-13, April 1973.
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B.l LEARNING CURVE

rUAPOSE
Learni?g curves are utilized for data adjustment and for cost esti-

mating purposes. Ideally, the learning curve captures and isolates the
effect of cémulative vroduction on the recurring cost of item production.
Contract pe#sonnel find learning curves based on individual producers
usefui in négotiations of follow-on contracts. A cost or economic analyst,
however, is‘more likely to use the curve across producers and often in
conjunction with & cost estimating relationship (CER).

A learning curve cat be used to normalize cost of items by adJustment
of all items to a common production level. With the disturbing influence
of prodnctign quantity removed, a CER can be developed on the basis of
the adJusted costs and 1tem physica. and performance data. The values of
the CER ccefficients would be sensitive to the selected common production
level. A learning curve can be used in conjuuction with a CER based on

a given production quantity to estimate costs at other quantities.

DESCRIPTION

The le;rning curve is uan important element in the costing of complex
military ha?dware, particularly to aircraft and missiles., The basic con-
cept underlying the learning curve is that each doubling of cumulative
production is accompanied by a constant percentage decline in cost. Cost
under one f&rmulation represents the cost of a particular unit (e.g., unit
100) and unéer a second represents the average‘cumulative cost (efg., units
1 to 100). gFor elther formulation the expression of the curve is as

follows:




b
y = ax

unit cost

cumulative production

first unit cost

constant equal to or less than O.

where

o' K<

oo

Mathematically, the learning curve is a special type cf power
function—one with a nonpositive exponent. Like all power functions,
learning curves will grapk as straight iines on log-log graph paper.
Figure 22 renroduces a hypothetical learning curve with a slope of .8.
For this curve the cost at quantity 2X is equal fo .8 times the cost at
quantity X,bvhere coét can be either unit or cumulative average. ore
generally, for a learning curve with an (S x 100)%‘slope the cost at
quantity 2X is equal to S times the cost at quantity X.

Special computer programs exist for developing learning curves.
Often, however, they can be suitably fitted through standard regression
techniques or even by visual inspection. For some purposes léarnihg
curves (or at least learning curve slopes) are utilized at assumed values

rather than ones developed directly from empirical data.

. —
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Fig. 22—ILearning Curve--80 Percent on Logarithmic Scales
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AFPPLICATION

The Missile Command (MICOM) SCAMP study illustrates how assumed
learning curve slopes can be used to adjust data prior to developuent of
CERs.l The objJective of the study was to develop CERs for estimating
the cumulative average cost and cumulative average manhours for procducing
missile motors. The various motors had been produced in significauntly
different quantities. To standardize the motors to a common quantity,
an assumed slope of 95 percent was used with cost and a slope of 90 per-
cent with manhours. Actual costs or manhours for the motors were adjusted
to conform with a production quantity of 1000. Technical characteristics
(motor weight, total impulse, etc.) were then examined for relationship
to costs or manhours and regressions developed accordingly.

The Electronics Command (ECOM) CER Manual illustrates combined use
of CER and learning curve, where both relationships have an empirical
origin.2 Cost and Quantity data were secured for nine frequency modulated
(FM) transceivers. After suitable adjustment of cost data by price indexes
to remove price level changes, a unit learning curve was developzd for
each transceiver. The esverage slope (87%) of the nine curves was computed
and uéed to normalize the nine transceivers to a production quantity of
10,000. Various CERs were then developed, with the preferred one relating
unit acquisition cost at quantity 10,000 to power output (watts) and
number of channels.

The cost of any future FM transceiver, exclusive of price level
changés, could then be est;mated from the dering regression and average
learning curve slope, provided that data could e secured on the trans-
ceiver power output and number of channels. The regression would permit
estimation of transceiver cost s* unit 10,000 ( ‘0,000)' The learning
curve exponent always bears a one-to-one ccrrespbndence to slope (see
Asher pp 16-173'and Batchelder 7p 96-97h), the exponent appropriate to
an 87 percent curve being -.200913. Thus, to secure the learning curve
appropriace to a particular “ransceiver all that is required is to solve

for first unit cost (a) in the following equation:

c = a x (10,000)-.200913

10,000
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LIMITATIONS
The problems of estimating learning curves are similar to the prob-
lems of estimating CERs. Gener.lly the data are originated by others
for som:what different purposes than estimating relationship development,
the items in the sample may be heterogeneous, and the future items whose
cost is to be predicted may differ significantly from those in the sample.
The application of learning curves is relevant to only the recurring
portion of production costs. It meaéures true learning only when all
one time (or start-up) costs have been removed from total production
costs ahd the remaining costs converted to constant dollars. Failure to
remove nonrecurring costs and failure to convert to ccnstant dollars
(assuming continuing inflatioa) have reinforcing effects on the learning
curve slope; both tend to bias the slope upward, i.e., understate learning.
There are factors that can lead to overstatemert of learning. Learning
would be overstated, for example, if the procurement history of a multi-
Service item were ignored in favor of that portion going only to Army
customers. :
The COA Ccsting Methodology Handbook provides the following guideance
on learning curves:5

: Tre learning curve 1s constructed and used under
the assumption that there are no significant =2ffects
oa laber procductivity from alterations in the condi-
tions of production in the form of the following—
(a) Alterations in the rate of production; (b) Engi-
neering modifications; and, (c) Changes in the level
of technology. The orly significant factor affecting
labor productivity has to do with production experi-
ence accumulated {and the increased efficiency this
implies)- It is this se: of circumstances which
underlies the use of any learning curve. It must be
recognized, therefore, that when the conditions of
production change, the applicability of the learning
curve may be called into question.
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B.2 PRICE INDEXES

PURPOSE

The purpose of a price index is to increase the comparability of
dollar totals reported over time (or place) by adjusting all costs to a
common year basis. The economic analyst will be faced with the need for
adjustment when attempting to derive cost estimating relationships (CERs)
and learning curves; or whea sinply attempting to appropriately update
past costs and cost factors for direct use. The goal of the analyst is
to place all costs in ‘terms of constant dollars, i.e., dollars at the
value of the base year.

An inflation index is designed to change dollars from constant values
to that of the year or years of interest. AR 37-13 recognizes that con-
sideration cf possible continuation of inflation into the future can
change the relative attractivenéss of alterhatives.l The regulation
therefore encourages the ilncorporation of inflation considerations into
economic sna’yses. The basic analysis must first be completed in terms

of constant dollars.

DESCRIPTION

A price index 1s a summary indicator of the level of prices for
selected items, commodities, or activities at one time or geogrephic area
compared to another. The time period or place selected as base is
assigned en iniex of 100. Indexes for other periods or places are inter-
preted agalnst the standard of 100 in simple prrcentage terms, l.e.,
indexes of 110 and 90 respectively represént a 10 percent increase and

decrease over the base.
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1ndex numbers can be constructed by a variety of methods and weigh-
ting schemes. A popular means of constructing a series of indexes over
a period of years is to select one yeer as base, collect price and quan-
tity data for all items covered by the index for the base ysar, and
collect price data for all items for each ycar other than the base. The
index for any year (In) can then be derived as folliows:

it

where - P the price of item i in year n
= the quantity of item i in the base year

the price of item 1 in the hase year.

.
u

Basic indexes of the type developed by the lepartment of Labtor and
the Department of Comherce are frequently combined with other indexes to
form a composite index, each individual index being weighted by assumed
contribution to price. This practice is particularly prevalent in mili-
tary applications. Most miiitary applications are concerned wiih price
iadexes over time; however, published indexes are available in AR 415-17

. for construction costs by geographic area (Washington, D.C. = lOO)'2

The basic eznd composite indexes referred to above rest on an empiri-

"cal base, i.e., historical price and quantity data have been used some-

wvhere in index construction. These differ in character from projected
price indexes (inflation indexes) that are intended to extrapolate from
prices or costs in today's dollars to those of some year(s) in the future.

APPLICATION -
The construction of a composite price index is illustratecd by

reference to a GRC study on ground based surveillance radars.3 Hypo-
thetical data are employed to illustrate adjuctment of cost hy a price
index.

The GRZ composite index was derived from separate indexes for
(a) nonproduction labor, (b) production lebor, (c) metals and metal
products, and (d) electrical equipment. Each basic index was given an
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equal weight (25%) and composite indexes.were developed for the years
1956 to 1966 with 1966 as base. An excerpt from the rader composite

index is provided in Table 11.

" The ‘derivation of the composite index is straightforward. For any
given year each separate index (1956 base) is multiplied by the common
weighting factor of .25 and the individual results added to form the
composite index. Simple adjustmenﬁs were made to two of the original
separate indexes tu couvert them from an average 1957-1959 base to a’
1966 base. This was accomplished by adjusting the orlginal index for a
given year by the index for 1966. As can be seen in the metald and
metal products index, this made the revised index for 1966 equal to 100
(108.3/108.3) and that for 1965 equal to 97.6 (105.7/108.3). '

Table 1z chows hypothetical price data by year for three'ground

comtat surveillance radars. Column 3 shows actual prices and column 4

shows the prices adjusted to 1966 dollsrs.

The GRC composite indexes for 1965, 1964, and 1959 (with suitable
repositioning of the decimal point) were exployed respectively to adjus*
prices to 1966 for radars, £, B, and C as follows:

 Radar A price (1966) = $20,000 x .966 = $19,320

Radar B price (1966) = $15,000 x .947 = $14,205

Radar C price (1966) = $.2,000 x .875 = $10,500
Limitations '

Pri

- indexes are based on sampl 2 data and thus have the common

errors assoclated with sampling. Further, there is the problem of homo-

geneity of data—a problem present also in CER development. The problem
becomes pa:ticularly acute when indexes are developed for years far from
the base period. Over a long period there are significant changes in
quality and an index tends to commingle the effects of quality and price
change. '

Military indexes are gencrally developed from commercial indexes.
Commercial experience does not always parallel military experience.
Hence, developed military indexes may inadequately reflect economic con-
ditions in the military sector. A military price index should never be

confused with an index of cost growth. The price index measures economic

1

changec. Cost growth is a result of noneconomic factors as well as economic. ’
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Table 12

HYPOTHETICAL PRICE RATES

(6] (2) (3) (4)
Price $ Price $
Radar type Year of purchase (year or purchase) (1966)
A ' 1965 20,000 ‘ 19,320
B 1964 15,000 14,205
c 1959 12,000 © 10,500
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Historical price indexes rest on empirical Justification. The pro-
priety of using empirically derived indexes to adjust historical cost
data is universally recognized. On the other hand, considerable contro-
versy exists on the propriety of using projected indexes t: convert to
future year dollars. Any justification for such projected indexes ulti-
mately rests on the capability to re;sonably»forecast future economic

conditions.

CITED REFERENCES

1. Dept of Army, "Economic Analyuis and Program Evaluation of Re-
source Management," AR 37-13, 6 April 1963, pp 2-4 to 2-5.

2. Dept of Army, " irical Cost Estimates for Military Construc-
tion and Cost Adjustment Factors," AR 415-17, 26 June 1972.

3. General Research Corporation, "Cost Ectimating Methods for Ground
Combat Surveillance Radars," April 1968, pp 60-66.

OTHER REFERENCES

1. C. A. Batchelder et al, "An Introduction to Equipment Cost
Estimating," RM-6103-SA, The RAND Corporation, December 1970, pp 23-30.

2, Frederick E. Croxton and Dudley J. Cowden, Applied General

Statistics, Prentice-Hall, Inc., New York, 193, Chaps 20-21.

3. Larry Guerrero and Gerald W. Kalal, "Historical Inflation Indi-
ces Cost Research Report," AMSWE-CPE 73-4, US Army Weapons Comrand,

May 1973.
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B.3 EENEFIT DETERMINATION

PURPOSE
An economic analysis always has a cost side and, except for strictly

cost-saving proposals, also has a benefit side. The preferred‘system
alternativelcan only be determined by considering both the costs and
benefits of all competing alternatives. The selection of the preferred
alternative is facilitated to the extent that benefits can be expressed
in dollar terms. This places different benefits on a common fioting.
The advantages can be appreciated Ly considering the difficulties that
might arise from having costs expressed in manhours, pounds of materiel,
square footage of real property, etc. rather than in terms of dollars.
The decision maker can evaluate an economic analysis where all bene-
fits have been properly quantified in dollar terms. In most analyses,
however, dollar quantification will not be found feasible for all benefits.
Every attempt should be made to quantify such benefits in terms of mean-
irgful physical or performance measures. 7Those benefits that defy any
type of quantification must be described narratively. The narrative
" descriptions must be cléar enough and in sufficient detail to permit
the decision maker to assign Judgmental values of worth.

DESCRIPTION

The benefits produced by a system represent the return on resources
. expended. Benefits can be either direct in the sense that they measure
accomplishment of system objectives or indirect, reflecting, for example,
reduced requirements for resources in related activities. Where possible,

benefits are quantified in terms of dollars, thus permitting direct
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comparison with costs. Certain benefits, however, can be quantified only
in terme of physical or performence measures. Others, such as morale,
may be described orly ia verbal terms.

The statement of system objJectives provides the point of departure
for benefit determination. The generalized. goals included in this state-
ment must be translated into specifig,'quantifiable system functions.

A platform for measuring b2nefits Sf proposed benefits is best dchieved
by first listing'the output characteristics and any known deficlencles
of the existing system. If certain outputs are ccmmon to all system
alteinatives, these can often be excluded from the eco mic analysis.

~ Table 13 depicts the process of benefit determination in oversimplified
form. Tt stresses the fact tha* the steps of ldentifying and describing
outputs are common to and essentisl rarts of any type of benefit deter-
mination.

Table 13

BENEFIT DETERMINATION

Develop/apply
Identify| Describe | Develop/apply workload-related
output output workload measure | cost factor Type of Benefit
x x Qualitative
x x x ’ Nordcllar
quantitative
x x b4 ‘ x Dollar guanti-
tative
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APPLICATION

Combat Service Support System (ngll

Fconomic analyses of the CS3 present system benefits of three geperal
types—-dollar quantifiable, nondollar quantifiable, and other (i.e.,
qualitative) benefits. An example of each together with basis of calcu-

lation and/or source is provided below. General description and comments
on the CS3 benefit anslyses are provided in the CS3 Case Study (Vol IV).
Dollar-Quantifisble Belefit. One of the purported benefits of the
CS3 supply subsystem over the existing card-processor system was the pro-
vision of expanded editing capability. This additional capability would
allow more extensive editing of supply requisitions., The editing would
reduce the number of erroneous requisitions processed and would effect
dollar savings by eliminating the administrative and processing costs in-
volved in error correction. The factors used in calculating annual

doll.ar savinss (083 over the existing system) with factor source are

provided in Table 1b.

Table 14

BENEFITS-MONTHLY IOLLAR SAVINGS

Factor Value Source
Number of requisitions per 47,206 CS, division-level test data
3

month

Percent reduction in erroneous 573 Expert opinion {Test Hq, III
requisitions - Corps and HQDA Panel)

Cost to recover from erroneous $h4 Expert opinion (Test Hq, III
requisition Corps and HQDA Panel)

Monthly dollar savings were estimated from the above factors and

extended to a yearly buasis as follows:

47,206 x .05 x $4 x 12 = $113,280 or rounded $113K
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Nondollar-Quantifiable Benefit. The CS3 division-level test results

were used to identify certain benefits of CS3 over the existing system
that were quantifisble but not capable of being translated into dollar
terms. An example of such a benefit is the capebllity of the CS3 per-
sonnel and administration (P&A) subsysiem to execute a greater workloaéi

than the existing P&A card-processor system while utilizing 36 porcent

less machine time.

Other (Qua.litative) Benefit. A prepared 1ist of nonguantifiable
benefit activities was provided to a HQDA Panel for evaluation purposes.
The panel decided activity bylactivity whether CS3 with teleprocessing
performed better than, equally as well \as, or poorer than two baseline
alternatives——CS3 withogt teleprocessin‘kénd the existing card-processq
system. Stated in the most conservative terms, the panel judged that
for each activity the CS3 with teleprocessing afforded nonquantifiable

benefits at least as great as those from the other two alternatives.

3

Examples of nonquantifiable benefit activities rollow:
a. Insares fund availability prior to submission of requisitions.
b. Produces supply study and performance statistics. |
c. Provides weekly data on personnel assets not assigned to
specific units.
d. Lists personnel actions during the coming month.

"Cold-Iron" Support?
A Naval Facilities Engineering Command (NAFAC) study of cold-iron
support (provision of berthing and shore~-based utilities) to ships pro-

vides the classic case of proper use of Londollér benefit analysis and
benefit/cost ratios. The Defense Economic Analysis Council (DEAC) has
reproduced a presentation on the cold-iron support study in its "Benefit/
Qutput Compendium.” Salient points of the presentation follow. i
NAVFAC was faced with the task of selecting $28 million worth of

cold~-iron support military construction projects from a potential pro-
gram of 3150 million for implementation in FY73. On a priori grounds

the potential payoff from cold-iron support investment was concluded to
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derive from three sources:

a. Increase in liberty man days (LMDs); i.e., in the days the crew
can be freed from ship-duty essignment.

b. Savings resulting from lower operating and maintenance costs of
utilities.

¢. Decrease in maintenance backlog.

During the course of the study it was found that cold-iron support
did 1little to alleviate problems of accrued maintenance, and maintenance
considerations were dropped from further analysis. Utility cost savings
were treated as offsets to project investment costs, leaving the addi-
tional LMDs generated by the project as the sole benefit measure. The
effectiveness of each project was determined by calculating the cost per
additionsl LMD, where cost represented the sum of project investment and
the change in total life cycle operating costs. A priority listing of
$28 million worth o1 projects was selected on the basis of the eftective-
ness or bepefit/cost ratio. Egnefit/cost ratios could be used for this
purpose since the projects did not represent mutually exclusive alternatives.

LIMITATIONS

Benefits must be determined in a comprehensive and consistent manner.
That 1s, all benefits must be considered and double counting avoided.

No activity should be included under two benefit elements or be reflected
in both benefit and cost. For example, reduced manhours should not be
cited as a benefit for an alternative if the manhours enter into deter-
mination of system operating costs.

An economic analysis that does not provide full documentation of
benefit calculationc falls short of its mission. Full documentation in-
cludes rationale, calculating methodology, and basic data sources. Best
Judgment or consensus values should be explicitly identified (as in the
083 analysis) so thet the decision maker can take this into account.

Dollar quantification should be attempted where loglc and data per-
mit. While it may not be pcssible to attain a complete empirically-
based set of dollar benefits, every ef{or:t should be made in this direc-
tion. The aralyst should proceed with subjectively determined dollar
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values or factors with extreme caution. Otherwise, the analyst mry be
imposing his "utility function" on the decision maker via the study

results.

CITED REFERENCES
1. "Combat Service Support System," This Handbook, Vol IV, Chap. 2.

2. LTJG C. Robert Kidder, "The Cold Iron Study: An Application of
Output Measuremeat in Economic Analysis," in Benefit/Output in Economic
Analysis in the Department of Defense, pp 43-54.

OTHER REFERENCES

1. Dept of.Anny, "Economic Analysis and Program Evaluation of Ré-
source Management," AR 37-13, 6 April 1973, pp 2-5 to 2-6.

2. Dept of Army, Office of the Adjutant General, Ltr, subject:
"~ .cnomic Analysis of Proposals Supported by Automated Data Systems,"

25 January 1972, pp 7-9.

3. Munitions Cummand, Office of the Comptroller, Cost Analysis
Division, Economic Analysis Manual, March 1972, pp I-4O to I-U3.

4. Rose Glubin, "Benefit/Output Determinatiom—A Methodological
Approach for the Practitioner,” in Benefit/Output in Economic Analysis
in the Department of Defense, Defense Economic Analysis Council, January

1973, pp 85-101.
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f B.4 ANALOCY COST ESTIMATING

PURPOSE
The analogy costing approach can be used to estimate the costs of
any equipment item provided that tecnnical specifications are avail-

able and that cost and technical specifications can be secured for
a single comparable predecessor. The analogy approach is frequently

used where 1t is not Practicable to secure a larze sample of past costs
and technical data to generate reliable cost estimating relationships
(CERs) through regression analysis.

Analogy costing provides a quick and inexpensive means of estimat-
ing costs compared to either the industrial engineering or CER approacn
(except where off-the-shelf CERs are available). As a result, the
appggach is useful for estimating low-cost-system compcnents and for
providing cost estimates in short-fuzed studies.l’2

DESCRIPTION

The distinguishing feature of the analogy approach lies in its heavy
reliance on the costs and technical characteristics of a single historical
equipment item. The first and most importént step in deriving credible
estimﬁtes for a "new" item consists of sélecting a guitable counterpart
"0ld" item. The second consists of selecting a proper technical charac-

teristic to use as the analogy base,
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The analogy approach typically assumes that cost is proportional to

the magnitude of some technical characteristic; that
a doubling of weight is assumed to double cost. The following equation

is, for example,

illustrates this caseé:

Cy= G X wN/wO,

i

where CN cost of the new item
' cost of the old item
weight of the new item (specification or estimate)

weight of the old item.

s E O
owou

Variants of the simplified approach illustrated above remove the
proportionality feature either by using empirically derived curves of
cost ratios to technical characteristic ratios (AR h15-173) or by intro-
ducing information on more than one item into the estinmate. fn both
variants, iaformatlon on the most comparable item continues to provide

the primary basis for the analogy cost estimate.

APPLICATION
Petroleurt, Oils, and Lubricants (POL} Cost Per Mile

This example is taken from a weapons system cost studyu on the
Austere Mechanized Infantry Combat Vehicle (MICV). POL costs for
the Austere MICV were basec on the experience data for the M551
General Sheridan—TPOL costs of $.0670 per mile. Adjustments were
made to this experience data to account for the fact that the MICV

was scheduled to have an eight cylinder engine, whereas the M551 was

powered by a six cylinder engine. Details of computation have been

reproduced from the study (p 21) and provided below.

151




The following relationship was used to estimate POL cost per mile
for the MICV:

X Y

B
X, Y,, where

il = POL Cost/Mile M551|= $.0670
X, = #Cylinders in M551|Engine = 6
Y, = Estimated POL Cost/Mile MICV
§2 ”= 7#Cylinders in MICV\Engine =8

b

'ibying the above factors, the followlng computations resuit:

$.0670 = Y,
— g
6Yl = $.5360
Yl' = $.08903 = Estiméted POL Cost/Mile MICV

LIMITATIONS
The Rimitations of apalogy costing can be seen most clearly by con-

trasting the analogy approach to that of parametric costing (costing by -
CERs). The succeeding paragraphs from Pef 1 (p I-2-9) address the rela-
tive disadvantages of the approach vis-a-vis th2 use of CERs developed
through fegression analysis. It shouldibe kept in'mind that regression
analysis is possible only where cost and technical data are availlable on
several related historical items or systems. '
The anslogy approach invariaoly iqvolves the relation of cost to

a single explanatory variable. This if done because no theoretical
basis for determining the simultaneous influence on cost of two or

more explanatory variables by analogy hés been put forth. Often cost
can be exp. 1ined better through use of Pore than one variable, and the

more flex. .e CER approach thus has a cbmparative advantage over that

of snalogy.
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The CER approach is a more conservative method of estimating than
the analogy approach in that the former is based on an "average" of
several observations. 1In the analogy approach a cost estimate is based
only on the experience of a single observatic..., If the cost of an
earlier system or equipment item reflects unucuel circumstances, an
analogy estimate of a new system or equipmz2nt item could be severely
biasad. .

Another advantage of CERs over the analogy approach is that the
statistics related to a CER give a reviewer some indication of the
merit of the CER. Among the statistics are the cozfficient of deter-

mination, standard error of estimate, and confidence intervals.

CITED REFERENCES

l. Alfred D. Stament and Carl R. Wilbourn, "Cost Estimating Relation-
ships: A Manual for the Army Materiel Command," RAC-TP-hL9,
Research Anslysis Corporation, May L972.

Part I, Chap. 2 discusses the classical analogy approach and compares
its relative advantages and disadvantages vs the CER approach.
Appendix F describes a modified analogy approach whereby some of the
advantages of CERs can be incorporated iato analogy costing.

2. Dept of Army, Comptroller of the Army, "Costing Methodclogy Handbcok,"
April 1971.

A brief discussion of analogy costing is contained on Pr 4-29 to
4L-30. The discussion covers both uses and pitfalls.

3. Dept of Army, "Empirical Cost Estimates for Military Construction
and Cost Adjustment Factors," AR 415-17, 26 June 1972.

4. LT W. A. Holman, "Annual Operating Costs of the Austere Mechanized
Infantry Combat Vehicle (MICV)," WS-103-T1, US Army Field Operating
Cost Azency, November 1970. FOR OFFICIAL USE ONLY.

CTHER REFERENCES

1. C. A, Batchelder et al, "An Introduction to Equipment Cost Estimating,”
RM-6103-SA, The PAND Corporation, December 1970.
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to -developmental systems. For many items weight may be closely associate

B.5 COST ESTIMATING RELATIONSHIP

PURPOSE
A CER can be used to estimate the costs of an activity or an equip--

ment item provided that its techrnical characteristics are available. CERs
can be used to estimate elements of research and development (R&D), non-
recurring and recurring investment, and operating costs. They are gener-
ally best suited for use in reéurring investment and operating cost
applications.

Properly developed and applicable CERs are cricial to the estimation
of credible cost estinates for systehs in the early stages of develobment.
Froper devalopment results from the selection of explanatcry variables
that are logically cost-driving, from care in data collection and adjust-‘
ment, and from acdherence to the governing statistical principles. A CER
must contain explanatory variables for which values, of af leést official

specifications, are "knowable" early in order for the CER to be applicabﬂ:

with item cost, but may be known with sufficient”acéuracy onlyias the item

nears production.

DESCRIPTION
A cost estimating relationship (CER) is a statistically~derived

ejuation which relates the costs of on item or activity to one or more
physical and performance characteristics. A CER is based on empirical
cost and technical characteristics data and is generally derived by
standard regression techniques. ’
A number of diffurent regression analysis models can be used to

develop CERs. If no particular functional form is suspectnd by the
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analyst, a simple linear regression model is often used. The equation of

this model is
Y =a +bX

where Y is the dependent (cost) variable and X is the independent (ex-
planatory) variable. Where the data warrants, multiple linear regression

models can be used such as
Y=8a+ blxl + b2X2 + vee bnxn

permitting a number (n) of independent variables to enter the predictive
equation. Nonlinear regression models can also be used. Common examples

are logarithmic-linear (log-linear) and logarithmic-logarithmic (log-log).

APPLICATION
Appendix B of RAC-TP-4L9 documents several weapon system oriented

CERs.l For the most part the CERs are products of the Army Materiel Com=
mand (AMC) in-house or contract -supported ef‘for‘ts.2 The CER inventory
also contains CERs developed by or for other Army or Department of Defénse
(DOD) elements considered of possible use to AMC. Partial documentation
of a CER developed by the Aviation Systems Command (AVSCOM) in report

TR-C/A 1-68 follows:3
CER Y = 17.38 + 43.61X .
where Y = pounds of POL per flying hour for

JP-4 us s
X = maximum allowable gross weight in
thousands of pounds

Statistics Sample size = 3 (OH-PA, UH-1, CH-47)
Coefficient of correlation = 9%
Range of maximum allowable gross weight = 2.4
(002) to 33.0 (000) 1b

LIMITATIONS

No matter how careful 2 developer is in properly generating his CER
ani related statistics, he is usually at the mercy of the quality of the
data at hand. This is so because the data are not ordinarily originated
by the developer but instead are appropriated from sources often meant
for purposes other than cost estimating. This type of quality limitation

is a result of the integrity of the data.
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Ancther type of qualitative limitation is one that arises when the
sample data have characteristics that differ importantly from items for
which cost estimates are wanted in the future. Technology changes, in
particular, can make developed CERs virtually useless. The technological
advances within the electronics industry vrovide some illustration. Here
there have been successive changes from tubes to transistors and finally
to integrated circuits.

Quantitative limitations of sorts are provided for a CER by its re-
lated statistics such as the coefficient of correlation and standard error
of estimate. Statistics, however, provide only a partial measure of the
runge for which the CER is valid., A particular rdnge'of values for each
of the independent variables and the dependent variable is inherent in
the developed CER. Although the fitted curve may perform well within
these ranges, little evidence is available to suggest how well it will
perform beyond.

Frequently predictions of cost are wanted for items that lie outside
the sample limits in terms of independent variable measurements. It is
important to realize that such predictioné are subject no only to sta-
tistical uncertainty but also to uncertainty about whether the appro-

priate type of curve is being used.

CITED REFERENCES

1. Alfred D. Stament and Carl R. Wilbourn, "Cost Estimating Relation-
ships: A Manual for the Army Materiel Command," RAC-TP-449, Re-
search Analysis Corporation, May 1972, Parts I and II.

2. US Army Materiel Command, Office of the Comptroller, "CERICompen-
dium—Army Weapon and Equipment Systems,” August 1972.

3., Stuart Epstein, "Pe%roleum, 0il and Lubricants Cost Estimating Re-
"'lationship," TR-C/A 1-58, US Army Aviation Systems Command, 15 Jan-
" uary 1963 (updated 3 July 1968).

OTHER REFERENCE

1. C. A. Batchelder, et al, "An Introduction to Equipment Cost Esti-
mating," RM-6103-3A, The RAND Corporation, December 1970, Sections
II-1IV.
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B.6 INDUSTRIAL ENGINEERING COST ESTIMATING

" PURPOSE
The industrial engineering cost approach is used primarily to
estimate hardware production costs and involves the consolidation of
separately developed cosi estimates formed from detailed analyses of
work processes, material, and item dimensions. The approach is feacsible
only when technical data packages and drawings are in hand; it caunot
be used to estimate costs of production for weapon systems in the con-

ceptual stage.l’2

DESCRIPTION
The industrial engineering approach involves the division of the

production process into component production segments. Eash of these
segments 1s then analyzed in terms of its labor and material require-
ments. This analysis is facilitated by the use of derived or published
engineering standards.
In the engineering approach the direct costs ¢f production are
. calculated for each production segment by applying current cost facﬁors
to the estimated labor and material requirements. Typically, overhead
and assembly costs are based on the production segment resource regqulire-
ments and/or estimated costs. Such diverse costs as tool maintenance,
quality control, and manufacturing research in certain applications mey
ultimately relate back to the basic direct labor estimates.
One aerospace firm is reported to judge that the use of the
industrial engincering approach for airframe cost estimating entails
preparetion of some 4500 component estimates. For this reason the

firm avoids its use whenever possible.3 The use of the approach, even
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where substantially fewer estimates are involved, will always be found
to be more expensive thaa analogy costing and generally more so than
estimating by cost estimating relationships (CERs).

. Industrial engineering cost estimates are based on the specific
production processes and materials, on the particular producer and his
location, and on the production equipment available to produce the items
of equipment. With all this specific information, it seems reasonable

to expect tﬁe detailed approach to produce more accurate estimetes than
'less costly methcds (e.g., CERs). The use of the approach generally
reduces to an e:xpressed or implied presumption ot greater accuracy.l

At least one authority disputes this presumption, indicating that the

3

. industrial engineering approach is bound to leave some costs unestimated.

APPLICATION
Table 16 illustrates how the direct lsbor costs for manufacturing
a steel center bracket might be estimated using the industrial engineer-
ing épproach. The extent of detalled costing depicted therein for cal-
culating the direct labor costs of a relastively minor production segment
lends support to the assertion that use of the approach for airframe
costing might entail generatién of over 4500 senarate cost estimates
(see previous section).
Table 15 is reproduced from Ref 3 (p 4) and represents an adaptation
of one originally published in Alford.u The surrounding text from
Ref 3 (p 2) follows.
Table 15 illustrates the detail required at the lowest level
of estimating; in this case a labor cost estimate for forming a
steel center bracket. The u2me and number of the operations and
the machines that will be used are given with estimates of setup
and operating time and labor cost. When they exist, sterdard
setup and operating costs are used in making estimates, but if
standerds have not been established (which is frequently the

case in the aerospace industry), a detailed study is made to
determine the most efficient method of performing each operation.
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1able 15
DETAILED LABOR COST ESTINATE JOR FOKNING A STIXL CENTER MRACXET .
!' harges Operating Labor i
te Operation Output Rate Cost per !
mant Number Operation MNachine _Soure Rate (3) Cost ($) per Howr (§) 1000 (3) )
N 20 16241 Setup Nisgars 462 ¥ L& 1.0 y
. 20 16081 Shear to lesgth Niagars 462 000 340 1.1) .
20 16242 Setup ¥o. & Blies press 1§ 3.40 .27
0 11571 Perforate and bleak Ko, 4 Bliss press 1100 3. 3.00
20 16243 Satup o, & Bliss prese 1 .40 3.40
20 12951 Yorm ¥o. & Bliss press 450 3.0 7.26
18 14351 Tap Tap whael 900 3.13 3.47
18 16244 Setup Plrin mill * 3.40 1.70 .
18 14661 Nill slots Plain mil) 100 3.0 34.00
18 15541 Tile bures Hand file ” 3.40 23.70
o 1543 Secup Speed lathe $ 3.8 . »
[} 11542 Burr 6 slota ’
! (and wm11l) . Speed lathe [ 3.13 5.2¢
o7 16246 Satup Kultiple drill + 3.0 1.70 900 3.1% 3.4
o7 11941 Countersink 2 holes Multiple drill
[} 16247 Satup Tapping wachine t 3.6 1.70
Qe - 18561 Tap 2 holes Tapping machine 400 .75 .88
19 15151 Dull mickel plate 1000 3.5 3.50
‘ bS53 10347

WOTE: This tabla 1s adspted from & detailed lador cost estimate published 1o L. P. Alford and Joha 1. Bangs
(wds.), Produwtim landdoock, The Rocsld Press Compseny, Mew Yook, 1933, p. 1048,

|
|

LIMITATIONS

; Industrial engineering cost estimates are time-consuming anG expen-
?ive relative to costing by analogy or CERs. The industrial engineering
approach also is less flexible than the other two methods in fhat its
#se is limited to items either in or near production.

An engineering cost estimate is constructed by sggregating numerous
ﬁetailed estimates. There is always the dancer that one or more elements
?ill be overlooked and hence lead to an underestimate of costs. The
;ess closely associated the estimator is with the parfiéular production
item, the more likely that elements will be overlnoked. This is one
reason that the approach might meet with more success at the corporate
}evel than in Governmental cost studies.2
§ A limitation of the approach relative to costing by CERs is "that
Lhe statisties related to the CER give some indication of the credence
’o be placed on tne estimate. Summary figures of merit are more diffi-

cult to generate for the industrial engineering estimace. The reviewer

EEs

of an industrial engineering estimate thus has a much more difficult
job of evaluation than the reviewer of a CER estimate.t
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B.7 SENSITIVITY/CONTINGENCY ANALYSIS

* ‘PURPOSE

Cost/berefit analysis is future oriented and as & result it musi be
conducted with iﬁperfect information, best guesses, and assumptions that
are noct susceptible to camplete justification. It is the analyst's task
to assess the major areas of uncertainty, determine those that impact
most heavily on the choice among alternatives, and conduct the appro-
priate sensitivity, contingency, or other tvpes of analysis accordingly.

The basie purpose of sensitivity and contingency analysis is to
inform the decision meker on how the varicus alternatives measure up to
one another for both the original set of factor values and essumptions

and for reasonsble changes thereto.

DESCRIPTION
s Sensitivity analys’s end contingency analysis constitute two of
the classical apprqaches to the pro%i@ms of uncertainty. Uncertainty
also can be addressed partly by statystical means and partly by the manner
in which basic assumptions are form‘}ated. Statistical measures are
V‘gsually assoeliated with the estimatiLn of cost factors or cost estimating

relationships (CERs) and take the form of correlation coefficients and

‘ confidence intervals. A fortiori analysis——generally the adoption of
assumptions uniformly favorable to the existing system where matters of
uncertainty are involved—is used to facilitate a conservative cost/benefit
analysis. If the proposed system alternative appears preferable to the
existing system under such a set of assumptions, any other set would

only reinforce the preference.

-
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Sensitivity analysis provides a guide to the reliability of the
;anking of alternatives by assessing the impact on gystem alternative
costs and benefits that result from changes in system parameters,
operating rates, basic cost factors, and the like. Sensitivity analysis
addresses the quantitative aspects of uncertainty in thet it involves
iteration of calculations using different quantitative values for the
variables of interest.

Contingency analysis addresses elements of uncertainty that cannot
be attributed to varisticus in individual factor values. It is qualita-
tive in the sense that it does nc% address such factors but ilnstead
involves assessment of major chunges in the underlying ground ru’es and
assumptions of the analysis. For example, a contingency analysis might
‘address the effect on study resulis of increased civilianization of base
operations activities, passage frum a wartime to a peacetme environment,
continuation of existing environmental policies vs institution of more

stringent ones, etc.

APPLICATION

Sensitivity Analysis _

Chapter 2 of the DepotMAIDS Case Study documents the use of sensi-
tivity analysis in a real life economic analysis application (see Vol IV).
One of the important determinants of relative cost between an existing

1

manual and a proposed computer-assisted engine overhaul system was found
to be the diagnostic cendidacy rate of field assets, that is, the per-
cent of machine-processable engines forwérded separately from vehicles.
The best estimate was that the future diagnoétic candidacy rate would
be 20%; past experience heavily weighted by Vietnam activities suggested
a diagnostic rate of 12.5%. Lowering the candidacy rate from 209 to
12.5% was found to produce a decresse in the savings/investment (S/I)
ratio of less than 0.2.
Chapter 2 of the CS3
contingency analysis. In one of the CS, studies, analysis was made of

3
systems with and without assumption

Case Study (see Vol IV) exemplifies use of

the costs of fielding alternative CS3

of budget constraints imposed by the planned CS3 annuaf'procurement

funding programs for the FY72-FY75 time frame. These constraints, in
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conjunction with (a) the CS3 implementation schedules and (b) the necessity

to procure the requisite CS3 support equipment (vans, air conditioners,
etc.) from contractors, were used to determine the amount of remsining
, ﬁ procurement funds available for purchesse of CS3 main frames and periph-
E Sy ; erals. Priority of purchase over lease had been determined on the basis
of a previous purchase/lease anulysis. '
f\ ‘ Removal of the budget constraint assumption and the consequent
shifting from lease to purchase resulted in decreasing the total present
value costs of the CS3-without-teleprocessing alternative by 2 percent
and of the CSB-with-teleprocessing alternative by 4 percent. The con-
tingency anelysis (loosely referred to in Vol IV as sensitivity analysis)
showed that the preferred teleprocessing alternative became even more so

when budget constraint considerations were dropped.

LIMITATIONS
Sensitivity and cortingency analysis provide useful information to' -

the extent that they address reasonable alterations in far rs and
aésumptions. Thus, the common practice of conducting a sensitivity
annlysis with a pessimistic, optimistic, and most likely value is com- .
pendable, provided that real thought has gone into establishing the two
extreme values. Analyses that track the impact on results of arbitrary
changes in factor values are of more limited usefulness.
” Sensitivity and contingency analyses are most useful where they
address considerations that potentially might alter the relative ranking
of system alternatives. Even though a particular factof or assumption
may be surrounded with considerable uncertainty, it may be given low
priority when it is Jjudged that the uncertainty would effect the costs
and/or tenefits of all alternatives to roughly the same degree.

The analyst can never assume that the results of a sensitivity/
contingensy analysis are self-explanatory. Computer printouts should
ordinarily be viewed as the raw material for presenting results rather
than the presentation itself. More important, the anaLyst must never
confuse the conduct of sensitivity/contingency analysis with the more

basic task of generating feasible alternatives for study.
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C.1  SCATTER DIAGRAM

PURPOSE
A scatter diagram graphically portrays the relation of one variable
(often a cost variable) to that of another (often a physical or perfori-

ance characteristic). The scatter diagram assiste in selecting visually

- the most pertinent form of mathematival relation between tne two vari-

ables and is usually used as a screening device in regression applications.

GENERAL DESCRIPTION

A scatter diegram is constructed by plotting the coordinates of
paired obeervations on grids. Three types of grids can be uéed—-
arithmetic, semilogarithmic, or double logarithmic. Examples and dis-|
cussions of simple diarrams constructed on these grids~a:e described !ﬂ
in this secticn. The sample applications of the following section show
how additional information can be introduced in two-dimensional diagrams.

Equal distances alcng an arithmetic scale represent equal absolute
differences; equal distances along a logarithmic scale represent equal
relative differences. Figure 23 shows how the numliers 1 to 4 are
related on the two scales.

TR TR IR

el

e are .ee X T . .. t sreess .
1 2 3 4 s 6 7 8 91 |

|
' Fig.23—Tllustration of Arithmetic and Logarithmic Scales

Arithmetic Grid Disgram |
Most scatter diagrams are of this type. To prepare such a diagram

the analyst simply plots paired dependent and independent variable
observations in original form on standard graph paper. Diagram A of
Fig. 24 shows the plotting of five paired observations and a free-hand
drawing of a linear relation between the variables. The paired

166
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observations of the dependent (Y) variable and independent (X) variable
are as follows:

X i
Ls 4o
60 70
35 30
30 20
60 60

Diagrams B to D of Fig. 2 ghow three additional scatter diagrams
together with their underlying mathematical relations. Ezekiell Chap. 6)
displays and discusses a vériety of two-variable relations including
éuadratic and cubic. Analysts should familiarize themselves with the
various forms in order tc make best use of scatter diagrams in regression
apﬁlications. With respect to Fig. 24 it should be noted that all
constants in the diagrams have é posiﬁxvé sign. The diagrams were
constructed this way solely to facilitate preparation.

.
4 .
°
60 | 3} >4
v y S "'c’.‘
Yehgebyx
20 1r
Linear Power
, Diagram A Diagram B , '
20 Loy ©0 80 1 2 x 3 b
60 |
4o |
Y
20 L .
- Exponential Reciprocal .
lDiagrarr-. c . Diagram ? . N
1 e 3 X

Fig. 24b—Sample Scatter Diagrams: Arithmetic Grids
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§gmilogarithmic Grid Diagram

Semilog graph paper contains a vertical logarithmic scale and a
horizontal arithmetic scale. Plotting of Y and X observations in
original form on such paper is equivalept to plotting log Y and original
Y. observations on arithmetic paper. The special paper simply relieves
an analyst from taking logarithms of th dependent variable observations .
A scatter diagram that suggests a linear relation under either of the
above plotting app..oaches perforce suggests an exponential relation
between the variables in original form. Thus, Diagram B of Fig. 25 is

the semilog counterpart of Diagram C of Fig. 2L,

10y L) LLOK VAR a4

1) Saget Ham 004
JUOR PURNE i 1% (DL P

2 X 3

Fig. 25—Sample Scatter Diagrams: Double Log and Semilog Grids
Double Logarithmic Grid Diagram

Double log graph paper contalns a logarithmic scale on both axes.
Plotting of Y and X observations in original form on such paper is equiva-
lent to plotting the logarithms of the original Y and X observations on
aritimetic paper. The use of special log graph paper can save the analyst
considerable time. A scatter disgram that suggests a linear relation under
either of the above plotting approaches perforce suggests a power relation
between the variables in original form. Thus, Diagram A of Fig. 25 is the
double log counterpart of Diagram B of Fig. 2u.
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APPLICATION
Fuel Cousumption

Chapter 3 of RAC--TP-hSl2 presents costs of fuel consumption for
various equipment classes, The early investigations of fuel consumption
vere facilitated by the preparation of rough scatter diagrams of fuel
consumption per mile or hour against équipment welght. Separate diagrams
were constructed for trucks, tracked vehicles, and aircraft. Special
symbols were used to plot the observations for different engine types.

Regressions were then run accordingly.

A scatter diasgram used in Ref 2 as part of the final documentation
is reproduced as Fig. 26. The figure shows the raw observations of
fuel consumption per mile for tracked vehicles with diesel engines (e )
anl with gasoline engines (A& )., Also the figure shows the regressions
developed from the exhibited data.

s —T T T T T

f
6 -
Y =0.4 +0.111X
S Gasoline \
w A A
=
=
3
<
O 4 b=
z
=]
x

=
2
r4
[¢]
W

2

Y wm=0.14+0.062X
Diesel
0 i 1
0 | fs] 20 30 4c 50 3]

GROSS WEIGHT, TONSX)

Fig. 26-Fuel Consumption as a Function of Weight, Tracked Yehicles
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LIMTTATIONS

Scatter diagrams can be helpful in deriving valid regressions pro-
vided that they are tempered by logic. Without the support of logic,
nonsense regressions can result. The problem is that the illogic of
‘the regression might escape the developer and be used. To avoid this,
the developer must assess the logical relationship between variables
before beginning to plot. At a minimum the developer should have a
supportable opinion on the direction of change (increase or decrease)

in the dependent variable associated with a change in the independent
3 ;

variable.

CITED REFERENCES

1. M. J. B. Ezekiel and K. A. Fox, Methods of Correlation and Regres-
sion Analysis, John Wiley & Sons, Inc., New York, 1959, 3d ed.

2. Doris C. Berger, John O'Flaherty, and'Joseph String, Jr., "Selected
Uniform Cost Factors: A Manual for the Army Materiel Command,”
RAC-TP-451, Research Analysis Corporation, June 1972.

3. Alfred D. Stament und Carl R. Wilbourn, "Cost Estimating Relation.
ships: A Manual for the Amy Materiel Command," RAC-TP-Uh9, Re-
search Analysis Corporation, May 1972.
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1. Dept of Army, Comptreller of the Army, "Costing Methodology Hand-
book,"” April 1671.
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c.2 REGRESSTON ANALYSIS

DEFINITION
Regression analysis is a method by which functional relationships
between a depzndent variable and a set of independent variables are

estimated statistically.

DESCRIPTION

The objective of regression analysis is to estimate from historical
data the straight line that best fits the data. The meaning of the
term "best fit" is derived from the fact that the least squares regres-
sion model determines the line through the set of points that has the
least varistion with respect to these points. The variation is
measured by the sum of the squares of the vertical difference between
each data point and the line itself. Figure 27 illustrates this
pcint

Y ' Y = A+ BX

Fig. 27 —Deviations Arouid the Regression Line
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The vertical lines between the data points and the regression line
represent the deviations. The symbol " is used over the Y, A, and B
terms to indicate that the regression line Y and the parameters A and
B are estimated frbm the data.

The regression equation for the simple term variable linear model

is

- -

Y = A+3B

whers A is the estimated Y intercept and B is the estimated slope of

the regression line. }
The objective is to estimate values of A and ﬁ from actua. data.

The formulae for estimating A and B are as follows.

n n
: L
YT
B = Txa(-( t Yl)
L R Y A
i=1
n n
zxz-(zx.)e
1
i=1 i=1
n
n n
A = Y.-éZX.
1 1
i= i=1
n

APPLICATION

Suppose we wish to estimate tne relationship between fuel consump-
tion and horsepower of military land vehicles usiﬁg regression analysis.

First, we hypothzsize that fuel consumption is a functicn of
horsepower and has a linear r itionship which can be represented by

the line

Y=A+BX
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Also, assume that we have collected data on 10 obseMtions from

similar land vehicles with different horsepowers. The data hre

presented in Table 16. ' Tl
Substituting in the formulae we obtain

R (2u%5) (1k9)
B = 3k, lBo - 10
(21465)2
646,425 - 10
= - 22L8.5
38,802.5
= - L0579
A = 149 - (-.0579) 2465
10 10
| |
A = 14,9+ 1427 |
= 29.172 |
The estimated equation is i

¥ = 29,172 - .0579 X

and is given in Figure 28, '

L,

Fuel Consumption (MFG)
Y

Y = 29.172 - .0579X
20+

104

Forsepower X
1c0 200 300 Loo

Fig. 28 —Regression Line Fuel Consumption vs i}{orsepower
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Statistical tests are available for determining whéther or not
the estimates of A and B are credible hypotheses for representing
the true values of the population. In general, the credibility is
dependent upon the variance of the estimates for A and é. The test
of hypothesis will be the subject of discussion in the next section

an Significance Testing.

CITED REFERENCES
1, Bryant, Edward C., Statistical Analysis, McGraw-Hill, New
York, 19%6. , o

2. Draper, N. R., and Smith, N., Applied Regression Analyses,
John Wiley & Sons, Inc., New York, 1963,

R . 3. Johnston, J., Econometric Methods, McGraw-Hill, New York, 1960.

4, Stament, Alfred D., and Carl R. Wilbourn, Cost Estimatin
Relationships: A Manual for the Army Materiel Command,’
RAC-TP-LLG, Research Anslysis Corporation, May 1972,
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C.3 SIGNIFICANCE TESTING

DEFTLITION
The term significance testing or test of hypothesis is used in
statiztics to mean the process of setting a rule by which an assumption

about the vopulation being sampled is either accepted or rejected.

DESCRIPTION
The assumption about the population is called the null hypothesis

an! is oxpressed as Ho. For example, if we hypothesize that the true

mean .. of the pepulation is equal to 10 or less, then the null hypothesis

is written ac

The test of this hypothesis is simply a rule by which the researcher
either accepts or 1ejects the hypothesis that it is the true value. The
rule is based on the sample statisties which are called test statistics.
For example, the rule might be to reject H, if the sample mean has a
value largmer than ll. The range of values of the sample mean for
which the hypothesis is rejected 1s called the critical region or the
cianificance region and 1s represented by the Greek letter «.

Thesc concepts are illustrated in rig. 29, .

,critical region

[l
7
Fig., 2-=—Hypothetical Distribution
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Thus, in our sample if we were to obtain a mean of 1l or larger we
would reject the null hypothesis that the true mean is 10 or less. If
the hypothesis is really true and we reject 1t, then a Type I error is
committed. If the hypothesis is really false and we accept it, then
a Type II e.ror is committed. The tyme I error is represented by the
criticai recion w.

How do we establish the critical region? The critical region is
usuaily estoblished by stating a level of risk the researcher is willing

to assume. TFor example, he may say that he is willing to assume a

‘5% risk that he will reject the hypothesis when in fact, 1t is true.

Then, the level of risk is trauslated to a value in the same dimensions
as the null hypothesls by making a statement to the effect, "If the true

mean is Ho ¢ 4 = 10 and the true vrrlance is o= g 5 at what point

do I reject the hypothesis." In statistical zotation this expression

is given as
P(ux 2 |Hy t p = 10, = o) = .05

Tables are avallable for mei.ing these conversions.

The steps to be followed in hypothesis testing are:
l. Establish the null hypothesls and an alternative,
e.8., Null Hypothesis Hg &t p < iO
Alternative Hypothesis Hy : yu > 10,
2. 3Select the significance level of the test,
e.ge a = 05,
3. Convert the critical region to dimensions which are consistent
with the null hypothesis,
€.ge, a = .05 at 1ll. ‘ , N
L4, Take sample and accept or reject null hypothesis on the basis

of results.

APPLICATION
The example cited in the previous section relating fuel consumpticn

to horéepower, will be used to illustratz the test of hypothesis on

the regression coefficient B. The slope of the line 1s given as «,0579
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x

and we want to test to deterﬁine if the slope is significantly different
from zero.

The null hypothesis i

Hg t B=0

Ha:B,lo

We gtate that we are willing|[to be wrong 5 percent of the time in

rejecting the null hypothesig when it is in fact true. Thus o = .05.
Next we nave to convert

a = 05 to the same dimensions ss B.

the following formula.
B-tS;sBsB+ sy

This
can be accomplished by using

~ ! .
z there B 1s the regression estimate of B
Ml

Y

Sg 1s the square root of the variance of B or
the standard deviation of B
t 1is the number of s%andard normal deviates assoclated with
a = ,05. This valﬁe may be obtained from any table listing
the Students' t - Distribution (see References).

The formula for the sta@dard deviation of the regression coefficent
B is given dy

s
’ = e :
X - (TX%
=1 1=1
n
w wherg
s 82 Aly -3ixy
1=11 1=y 1:1.x1 1
. Na?2

i
Substituting the values from Table

ﬁ373 - 4346.628 + 1996.39
L}

=

= 1.685 |

S

il

“ o +
e Al e i o e U

i

cie gy

X
3




ny = 1-685
5B R

= .0000)43

t = 2,306 from the table of percentage polnts of Students'
t « Distribution.

0 - (2.306)(.0CCH3) s B s 0 + (2.306).000043)
- 0001 < B 5 .000L

-5 «

Flgure 30 zllustrutgs the critical regions for this test of hypsthesis,

025

= ~0001 5=0 ~.0001

Fig. 30—Hypothetical Critical Reglons
The sample value for B = ~.0579 lies to the left ¢f the critical
point of -.0001, and therefore the hypothesis is rejerted that the slope
is 0. Other tests could have been made such a~ is the slope less than

=-.03 or 1s the slope greater than =.1l.

REFERENCES .
1. Wadley, G., Introduction to Probability and Statistical Pecision
Theory, Holden-Day, San Francisco, 1967. , ;

2 Hicks, Charles R., Fundamental Coacepts in the Design of Experi-
nents, Holt, Rinehart, and Winston, New York, 196k,

¢ 3. Johnsen, Norman L. and Leone, Fred C., Statistics and Experi- :
mental Design, Vol. I, John Wiley & Sons, Inc., New York 196k, ;

Lk, Wode, Eimer B., Elements of Statistics, Prentice~Hall,
Erglevocd Ciiffs, lMew Jersey, 1941.

5. Stament, Alfred D. and Carl R. Wilturn, Cos% Fstimabing
Relationshipst A Manual for the Army Materiel Command, RAC~TP-L4L49

* o : Researcn Analysis Corporation, May 1972.
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D.l1  DECISION LOGIC TABLE a ﬁ

PURPOSE

A decision logic table (DLT) is a device for summarizing sequuntial
coniitionz]l relations among classes or events. These may take a simple
form of "if A then B" or a more complex form such as "if A and if B
then C and then D." A DLT provides a method of compacting ordinary
textual presentatioe into tabular narrative. The tabular format faci-
litates the location of pertinent information.

DESCRIPTION ' - |
A DLT contains conditions (the if's), actions (the then's), and
rules, each ruie representing a unique combidation of condition(s) and
. ‘ action(s). Although there are basic DLT styles and variants, the con-
*‘*’j’%{f struction of any DLT requires: '
' a. Defining the purpose of the table
b. Identifying the relevant conditions
¢. Listing the actions t- be followed for all sequential

,J ‘ *‘f condition patterns. : .
The previous paragrapn is based primarily on material from the Air
Force SA/OR Compendiuml (pp 71-72;. “Table 17 provides a concrete example

- of a DLT.
" P Table 17 %
Toble Herder: DECISION LGCGIC TABLE

S Tabis Number »p | TABLE 31
1 ' Tolis Nome »p | SYEPS IN APPROVING OR DIZAPPROYING AN OI\DII]

Kome aa .

‘. . -
N Siub Wonder Wrwmcssssmsns o A | I [+ . ] }
B (condition elube) {action stub)
u .
v Bls Noader & | o o if por 0d ¥ pecial :
, B U oredd bniti lo axpeciencs in clearsnoe hae [ Y !
! Suen ehisined

{conditinn eniries)

(8 tion entrice)

1 okay £pprove order

P, 2 questionabl ' N approve order
Muise »p SJ ot favorshie et [srorsble e appreve srder ;
~ )
P 4 et fsverahle ol lavarnide . roturn i o ie2 .
o deperiaens, :
L — '

L NOTES: Gl any)
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Table 17 and supplementary definitions required for its proper
interpretation are based on DA PAM 310-112 (pp 2-3). The definitions,

exemplified by references to the sampie DLT follow:

a. A stub heeder is a letter identifier that bears
a one-to-onE_Eorrespondence with a narrative condition stub
or action stub. The letter identifier provides a quick and
accurate shorthand reference for either written cr oral
communication. In Table 17 B represents "and if pay
experience is" while D represents "then",

b. A condition entry constitutes one of the relevant
alternatives under a condition stub. In Table 17 "question-
able" is the second condition entry under "If credit limit
is",

c. An action entry constitutes one of the relevant
actions under an action stub., In Table 17 "return to sales
departmant” is the fourth action alternative (some of which
are duplicates) under "then".

d. A rule header is a numeric identifier that bears
a one-to-one correspondence with a unique sequence of
conditions and action(s), i.e., rule. In Table 17
rule 3 is that "i£ the credit limit is not favoratle,
the pay experience not favorable, byt sp=2cial clearance
has been obtained, then the order sh®uld be approved."
For patent reasons, use of numbers for rules in place
of rarrative descriptions eases communication.

APPLICATION

Governmzntal system for the pricing of contractor data.
data is comparable to that of hardwarzs in that both may be subject‘
to analysis, justification of =stimate, and negotiation. The manual

describes the system by text and non-DLT table, Table 18 provides an

The RAC Cost Factors Manuald (pp 5-6 to 5-8) describes a standard

exanple of a DLT with comparable information.
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Table 18

DATA COST GROUFS

A B C i T
Are costs of
Is data essential | Does submitted data | producing, hand-
to performance of | involve substantial | 1ing and deliv-
Rule ! contract? rework? ery significant? Then —

1 No Price estimate required
with cost breakdown and
deseription of m thei,

2 Yes Yes Price estimate required
with cost breakdown and
description of method!

3 Yes No Yes fPrice estimate required

' with description of
fmethod,

L Yes No No iNo charge to Govermmant,

LIMITATIONS

Decision processes can be described narratively, in DLTs, tree dia-

grams, and flow diagrams,

Because of greaterwfamiliarity, mahy readers

may find text or text supplemented by non-DLT tables clearer than DLTs.
The analyst should thera2fore use DI'Ts with caution for final documenta-

tion purposes. The paragraph below (Ref 2, p 1) describes'narratively

the information provided in Table 17.

If a customer's credit limit is acceptable, then the order
If the credit limit 1s questionable but

the custcmer's pay experience is favorable, then the
order may be approved.
limit is not favorable, the order may be approved only if

may be approved,

a special clearance has been obtained.

Lastly,

If, on the other hand, the credit

if the

credit limit is not favorable and the pay exparience is
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not favorable, and if no special clearance has been
obtained, then the order should be returned to the
sales department. '

In certain applications flow diagrams will be found superior to

DLTs.

This is esp2cially likely to be the case where feedback capa-

bility exists.

CITZD RETLRENCES

l‘

Robert E. Schmaltz, United States Air Force Assistant Chief
of Starf, Studies and Analysis, "A Compendium of Systems
Analysis/Operations Research Methodology," Vol I, 15 Jul 68.

Dept of Army, "The Decision Logic Table Technique,"
PAM 310-11, May 67. -

eoris,c. Barger, John O'Flaherty; and Joseph St}ing, Jr.,'
Selected Uniform Cost Factors: A Manual for the Army

gate;éel Command," RAC-TP-U51, Research Analysis Corporation,
un 72,
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D.2 DELFHI METHOD

PURPOSE

The Delphi method or Delphi“technique is a subjective scaling fech-
nique that can be used to obtain a concensus from & group of profes-
sionals or experts on questions which are cloaked in uncertainty and
which cannot be directly measured or evaluated. It provides a means
for the nonspecialist to obtain "best opinion" information from a number
of experts who, through controlled information,>arrive at a concensus.

DESCRIPTION

Individual experts are asked to respond to questions. Their answers ’/#
and the reasons for them are givén to all other partiélpating experts who
are again interrogated. This process of question snd requestion--after
being given new, refined feedback--continues until progress toward a con-
sensug appears negligible. Reasons for highly divergent viewpoints are
documented to minimize overlooking any aspects of the question. The
entire Delphi process may take a long period of time to davelop the

-.questions, communicate them to the: respondeﬂtq, get them back, evaluate

the results and go through the cycle again. While normally used for
larger;‘bolicy issues, such as forecasting requirerents for the future,
it alsb can be applied tc more detailed problems. The following examples
describe the technique and its use.

APPLICATIONS

Two cample spplications are provided which demonstrate the applicability of
the method, The first is a modurication of an examrle from Quade's RAND report
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(Ref 1) which illustrates the detailed tezhnique of a specific problem.

The second example shows a broader and more often used context of appli-

cation.
Example 1
Assume there is a need to derive an estimate .f ti.e overall benefit
that would be derived from selécting a particular t;pe of vehicle. - For
example, the estimate desired might be a particular rumber, N, that would
represent a dollar valuation or zavings. The prbggdure to be followed

would be:

First, each expert is asked to give an independent estimate of N,
The responses would be arranged in order of magnitude and divided into
four equal areas with quartile points Ql, Qz, and Q3,'with Q2 being
the median. The responses might appear as fcllows (assuming there were
11 participants):

N8 N N N

N N N N N. .N N
%1_‘ 1[2 3 J‘h f) A 9 %10 Ki!
él JQ(M) d3

Secend, each respondent is asked to reconsider his previous ancwer
in view of the Ql’ Q2, an@ Q3 values, Those who had answers outside
the Q1 or Q3 range, either in the originsl response or who have a
revised response outside the range, are asked to state why the answer
should be lower or higher than the majority opinion stated in the first
round. .

Third, the results of the second round (normally less dispersed than
the first) are communicated to the experts in the same ﬁay, along with
the reasons given for raising or lowering the values, The experts are
asked to review the new answers {with a new interquartile range) and
the arguments for those outside the range, and are given an opportunity
to revise their previous estimates. If any respondent's revised estimate
falls outside *he second round's range, he is acked to =xplain his
decision., . |

Finally, the quartiles of the third round's dictribution and the
counterarguments are given to all the rerpondents and one last revision
solicited. Thc median of round 4 is considered to be the group position

as to what the number should be,
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Example 2
The Delphi technique was applied to the question, "#hat logistics

units, skills, and material should the peacetime Army contain during the
1975 to 1985 period to perform its initial wartime missions and also to
provide a base for rapid expansion to mect subsequent support requirements?”
(Ref 5). A series of questionnaires were sent to selected groups of in-
dividuals in two major phases: the first, a trial run to prove the problem
“nd test the value of the method, and the second, a fulle-scale Delphi ex-
periment. The experiment caused a reordering, some revision, and some
substitution of questions which, as a f'inal questionnaire was sent to 31

"~ "experts." These experts had broad backgrounds in military planning with

a wix of tactical, strategic and logistics experience.

After each iteration, responses to questions were compiled, summa-
rized and plotted on a quartile scale. The results (both opinions and
reasons) were made available to all respondents.

It took only 3 iterations to converge on answers to all problems.

The percent change in the median answer from the median of the previous
iteration was found to be 12.6 between the first and second iterations

and 3.3 between the seccnd and third. The mean percent variance around
the median was calculated for the 35 questions to be 78.0 in the first,
48.5 in the second and 5.0 in the third using the mean difference as equal
to % times (3rd quartile value minus the lst quartile value) divided by
the median value times 100.

Other applications can be made in technological assessment areas such
as the probable affect of the institution of the metric system on the
military establishment, what an Army officer can be expected to "look like"
in the 1980's for establishing curricula et West Point, and to even more

definitive problems as outlined in the RAND example.
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LIMITATIONS

( The Delphi technique is a method of eleciting information from
expert individuals and a better-than-rothing means of assigning a
quantitative value to subjective opinion. it héndled properly it can

/ srovide object{vity to a problem, but it lends itself o a myriad of
miéuses, depending on the standards of the individuals or groups conducte-
ing the exercise. Since it can take a long period of time 1o develop
the questions in the proper form and go through the process, it is often
short-circuited by - panel discussion or a brain-storming session, either
of which obviate the objective value of the technigue.

Although a case can be made for a group having more total expertise
than any individual member, the opinion of a real expert in a particular
area may be diluted. The output of any Delphi exercise is, at best,
an opinion, and even fhough it may be better than some other method,
this limitation must be kept in mind.

REFERENCES

1. E.S. Quade and W. I. Boucher, "Systems Analysis and Policy Planning:
Applications in Defense,” a report prepared for the United States
Air Force Project, RAND (R-439-PR, sbridged), June 1968.

2. K.C. Dalke, "The Delphi Method: An Experimental Study of Group
Opinion," The RAND Corporation, RM-5888-FR (1969).

3. 0. Helmer, "Convergence of Expert Consensus Through Seedback" The
RAND Corporation, P-2973 (1954). .

4. M.I. Taft and A. Keisman, "Computer Time-Se.ving Applications in
Economic Analysis: An Integrated Approach,” Department of Operatlons
Research, Case Western Reserve University, T.M. 151 (1969).

5. Albert D. Tholen, Louis C. Peltier, Thomas ¥, Ferrara, and John T.
Sincavage, "A Forecast of Loglstices Requirements, Applicatign of the
Delphi Method to the Study of Peacetime Army Logistic Base," The
Research Analysis Corporation, RAC-TP-427 (1971).
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D.3  FLOW DIAGRAM

PURPOSE

A flow diagram is a graphical technique used to portray the order
of mjor ooerationu in a process or problem solution. Flow diagrams are
used by progranmers to block out major steps prior to coding and as part
of the documentation package prepared for turnover of computer programs.

Flow diagrams are also used in noncomputer applications to assist
in problem formulation and documentation. Frequently a flov diagram is
used to graphically ocutline a series of seqﬁential steps. This is
generally followed by verbal descriptions of the content of each of the
steps and the relationships among them. -

DESCRIPTION

All flow diagrawms describe ard sequentially link operations.' In
simple diagrams each operation is represented by a terse verbal descript-
ion encloged within a rectangular box. .Lines and arrows are used to
indicate orders of occurrence among the operations. To Zacilitate

diagram use and comprehension, particularly for complex applications,
nonrectangular symbols are often used in lieu of boxes to represent
" special operations (input/output, decisions, start and stop, etc.)
Conventional flow dlagram symbols are preseated elsewhere in this
appendix, see "Computer Terms/Symbols." Figure 31 depicts a report
completion flow diagram that uses a special decision operation symbol
in addition to the standard boxes and arrows. The figure is typleal
in that the described operations are generalland could easily be broken

down into nurerous suboperations.
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Review
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Errors

Submit
Report

Revise

Fig. 31—Completing a Report Assignment

APPLICATIONS

Economic Analysis Process
Figure 32 1is reproduced from the Air Force Economic Analysis

Handbook - (p 4 ). Tt provides the backgrovnd for discussing the
process of economic analysis and is stressed as the one essential for
all readers to abscrb. The left-hand side of Fig. 2.1 in Vol I of the
present report provides an alternative view—generally less detailed but

with more emphasis on study planning.

Getting the Officer to Work
Figure 33 in this section has been compressed from one

used in an Army ADPS orientation guide.” Introductory descriptive
material has been reproduced in full from the guide and follows:

An ADPS compater uses a simple "on" or "off" condition
to make a decision at each stage of a process, based upon
previously programmed criteria. It is similar to the
"{imposing” series of automatic command decisions required
of an officer on his way to work in the morning before he
is fully awake.,
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LIMITATIONG

A flow diagram is an essential tool to the computer programmer,
serving a purpose analogous to an outline for a writer. As in the case
of outlines, it should be recognized that computer flow diagrams are
usually considerably more meaningful to the preparer than to any intended

audience,
Flow diagrams highlight relationships. When used for illusti.;ation

purposes in noncomputer applications, the diagrams usually shouid be
followed by verbal descriptions to avert oversimplifization. Sometimes
the informotion meant to be conveyed by the diagram can be more clearly
and economically presented by use of a decision logic table or tree
dlagrem. |

Flow diagrams should, of course, be used only to improve communi-
cation, never for purposes of decbration. To the extent possible their
use should be tempered by what is known about the intended audience.

CITED REFERENCES

1. Dept of Air Force, Office of the Comptroller, "Economic Analysis
Handbook," 2d edition, undated,

2. US Army Signal School, "Introduction to Automatic Data Frocessing
Systems," 15 January 1960C.

OTHER REFERENCES

1. Edward Mack McCormick, Digital Computer Primer, McGraw-Hill Book
Compan;r, Inc., New York, 1959.

2. Theodore G. Scott, Basic Computer Programming, Doubleday &
Company, Inc., Garden City, New York, 1962.
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D. 4 SIMULATION

PURPOSE
Simulations ére used to approximate, represent, or express plenning
situations or problems in a form suitable for study much as a model air-
foil in a wind tunnel is used to simulate the effects of air currents on
flight. Normally used in a planning or forecasting role, simulation helps
decisionmakers understand input requirements and alternative solutions to
problems without undergoing the necessary time and monefary expenses of
adopting a plan, implementing it, evaluating it in operation, making ad-
Justments, evaluating again, and so on until a desired result is achieved.
Simulation models allow various factors to be tested, manipulated,
tested again, and results expressed for evaluation of the consequences
of action taken, Appropriate action based on the modeled results can
then be instituted in the "real life” situation. The setting up of the
simulation can often prove as valuable as the results achieved because of
the requirement to examine the intricacies and correlaiions of a situation
in minute detail. Computers are often used to aid'the simulation because
of the large numbers of factors, the complexity of those factors, and their

interrelations.

DESCFTPTION ,

Much like the airfoil in the wind tunnel, an office or factory can
be laid out on a drawing and templates used to investigate alternative
laycuts for maximum efficiency of production line flow within allocated
space, for example, Simulation or modeling of an environment is also used
i1 the laying out and manipulation of orgarizational relations, concents,

ideas, flows of people or things, and inventory contrnl, It can be used

194




to answer the "What would happen if..." questicns that analysts and man-

agers ask in managing and planning their operations. The solutions to

these questions normally take the form of:

X 3 O N

1.

2.

situation,

3.

Preparing the model
Testing the model and comparing its behavior with the actual

Making appropriate changes.

Rerunning the model,

Analyzing the results, R

Repeating the above steps for alternative solutions.
Selecting desirable solutions.

Acting on the model solution in the real 1ife 'situation,

Included in most planning simulations are the elements of trans-

portation or movement withiin a system (trucks, aircraft, production or
manufacturing flows, people flcws, inventory flows, data flow through a
computer, etc), facilities and storage points in that system (garages,

hangers, loadinpg docks, terminals, warehouses, classrooms, packaging

points, manufsctoring points, computer buffer areas, etc. ), waiti ing lives

or queues, and time (transit time, facility or storage time, waiting time,

gervice time, etc.). Many operations research and statistical techniques

cen be used in representing or helping to represent the problems to be

simulated, but are not necessary for a simulation,
A special simulation technique termed Monte Carlo is used to solve

deterministic problems of real situations too expensive or too complex to

solve analytically, A stochastic analog to the problem at hand is used
to estimate the solution. FProbability and random number generators used

in sampling situations are intecpral to Monte Carlo., See the reference

1ist for sources for further description.

APPLICATIONS

A commander may ack his plans office to investirate alternative uses

of a large hanger beins made available with the transfer of a helicopter

unit.

The alternatives that mav be considered are:

1.
2.

A consolidated vehicle maintenance facility

A consolidated Post Exchange and Concession faciiity
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3. A billeting facility for enlisted men

L., A warehouse for supplies
Part of the economic analysis of each alternative may include a proposed

layout of respective configurations for analysis of floor space and es-
tablishment of a base~line for analysis of modification costs.

Another application could be the simulation of the Army Training
Establishment., Using high speed computers, a model would provide pro-
jected«3-year tfaining 5chedules for each course offered. These schedules
would detail numbers of students projécted for input into each course,
those projected to be in training, those expected to drop out, and those pro-
Jjected to graduate. This could be done for each type of trainee. Costs
per graduate and trairer, {astructor, and overhead requirements per course
could also be provideZ. This model would allow modifications of priorities
of courses, preferences for locations for training, class capacities, and
attrition rates. 7Tt would enable the Army to more effectively plan its
training programs to meet the changing needs of the Army at the least cost
in terms of both manpower and funding requirements. A model of this
general description is uhder development by the General Research Corporation
for the DCS personnel, Department of the Army.

The Monte Carlo technique of simnlation'can be applied to the quarti-
fication of uncertainty inherent in the projection of weapcu system costs
and in processes involving multiple channel queues. This would reguire
bbth the expression of input estimates in terms of probability distribu-
tions and cost equations pertinent to the particular model, say a missile
production model., The Monte Carlo simulation approach would then generate
the frequency distridbuiion for system cost and statistical measures to
iilﬁstiate the natuﬁérand-measufc of thé ﬁnccffﬁinty"fn#dl&cd'{ﬁ‘tﬁg-s&s; ,
tem cost. By knowing an averape rate of arrival of parts and averare
distribution of service times, random pumbers could be used to penerate
simulatad arrivals and production timu. .~ m vhe known distributors. The
whole procedure would consist of estimating ¢b. distribution for the total

process based on detailed knowledre of the behavior of the components,
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LIMITATIONS

A similation model is only as good as its representation of the

real world. Simulation involves many variables and many parameters
leading to a great deal of complexdty., While it can give answers to
difficult questions, it should be recognized as a last resort. Should
a direct analytic solution be available, it should be used, but when

it is not (whether because of time, cost, or other reason), simulation

can provide a feasible approach.

. REFERENCES
1. John E. Cremeans, "Why Simulation?", Research Analysis Corporation,
McLean, Virginia, (RAC P-30), August 1967.
2. Donnid F. Schaefer, Frank J. Huslc and Michael F. Gutkowski, "A Monte
: Carlo Simulation Approach to Cost-Uncertainty Analysis,” Research
Analysis Corporation, McLean, Virginia, (RAC-TP-349), March 1969.
3. Brent L. Bowen, et al, "Student Instructor Load Model - Phase II (SILII),

Summary Description," Research Analysis Corporation, (RAC-TP-458),
December 1972.
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T.5 TREE DIAGRAM

PURPOSE

A tree disgram 1s a flexible graphical technique for portraying
relations amorz clagses or events. A tres Edégram can be used, forv
exerple, to illustrate a hierarchical structure or to enumerate the
probabilities of sequential events. A tree dlagrsm can be useful in

problem formulation and/or doeuvmentation of results.

DESCRIPTICH

Tree disgrams contaln sequential branches. Thé mumber of branches
that originate at each branch point represents the number of subclssses
(hierarchy) or possible cutcomes (probability). A tree diagrom reeds
from left to right and always includes at least two branches. Figure 3b
depicts division into two branches, followed by division of each branch
into three additicnal Hraﬁches.

O i

Fig. 34—Example of a Tree Dimgram
APPLICATIONS

Prebeblility
Figure 35 illustrates the array of probabilities for two successive
draws of merbles (thres white and two black) from a beg without replaccoment
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of marbles between draws, The uppermost branch in the figure will be
followed through for purposes of exemplification.

The probability of drawing a white marble at the first draw—>(W)—
is simply equal to tke ratio of white marbles to total marbles (3/5
or .6). Since the first marble i{s not replaced, the probability of a
white marble on the second draw is .5 (2/%). The probability nf two
successive draws of white marbles—P{W ,W)—1is equal to the product of
the cited probabilities (.6 x .5 = .3). This is a result of one,of
the basic laws of probabiiity. The "Probability” section presents and
11lustrates these laws. The five-marble example of this section pro-
vides some of the illustrations.

Draw § Drow 2

. ., QLQ{"
e

Fig. 35—Prchabilivies - Tree Diagroms

Figure 35 illustrates two characteristics that are true of every
probabilistic tree. First, the sum of the probabilities of all branches
is equal to 1.0 as long as all are of uniform length (i.e., traverse

an equal mumber of branch points). Thus, at the first marble draw

6+ b =10, and for two successive draws .3 + .3 + .3+ .1 =1.0,

The second charactéristic, vhich is actually a corollary of the first,

is that the sum of the probabilitiess of all branches from a given

branch point 18 equal to the parent dbranch probability; e.g., 3+ .3=,6
and .3+ .1 = .L,

Hierarchy
Figure 36 ir reproduced from RAC-TP-hSll (Chap 6). The diagram

was used to introduce a set of cost elements and equations for use in
astimating direct personnel ccsts (training, psy and allowances) for
Army weapon systems, The dlagram "presents the general scheme of the
[personnsl ceost] model. Columns 1 to 7 depict disaggregation of direct

personnel into their relevaant functilons and cost-generating activities,
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Costs of each 2lement shuwn in Col 7 are explicitly estimated. Columns
8 and 9 dispiay the resggregation of elements into nine ... (categories

of) direct personn:l costs."l .

.

LIMITATIONS

Trees are perhaps most useful in portraying processes where all
possible final cutcomes (classifications) are of interest ana where the
final ocutcomes ure not designed in any way by operating on the inter-
mediate outcomes (via feedback, for example). Processes that do not
possess these characteristics c¢an be more effectively described via

decision logic tables or flew diagrams.

CITED REFERENCE

1. Doris C. Berger, John ('Flaherty, and Joseph String, Jr., "Selected
Uniform Cost Factors: A Manual for the Army Materiel Command,”
RAC-TP-L51, Research Analysis Corperation, Jun 72.

OTHER REFERENCES

1. Richard I. Levin and C. A. Kirkpatrick, Guantitative Approazhes to
Management, McGraw-Hill Book Co., New York, 1965.

2. Robert E. Schmaltz, United States Alr Forcve Assistant Chief of Staif,
Studies and Analysis, "A Compendium of Systems Analysis/Operations
Research Methedology,” Vol I 15 Jul 68.

201




