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i In recent years much gttention has—beep placed on cost growths
o as related to the acquisifion of weapons systems by the military
services. Uncertainties exist relative to program costs, delivery
dates, and product reliability. The purpose of this study is to
construct a model which will assist in-coping with uncertainties r
affecting cost. Research and development procurement is unique.

: A goal is purchased, not a hardware item. Vague specifications
b | 1 may cause contract costing problems. The weapons acquisition
- process encompasses concept formulation, contract definition,

: engineering development, and production and operation. As a
2 scientific concept traverses the continuum from concept formula-
: tion to production, uncertainties are reduced.4:>

-g;;r this study, uncertainty cannot be distinguished from risk.“>
Thus, they may be considered synonymous.SUncertainty may be
classified as either anticipated or unanticipated. Each of these
is classified as either exogenous or endogenous. Uncertainty is
the absence of information, which may be though of as a commodity.
Bn this capacity, information may be described and measured./ In-
formation gleaned from the internal and external environments wil;/
/permit the reduction of uncertainty. The military services have
attempted to cope with uncertainty by the use of incentives and
contractual arrangements.

M-m

> The relationship between the entropy, information, uncertaintyf
and cost parameters enables a conceptual cost model to be devel-
oped. Entropy is a measure of information in a system. The term
refers to magnitude and not meaning. Informational efficacy
relates to the meaning of a message. \ The effective cost for a
program may be represented by the ratio of target costs to the
informational efficacy of the d n a closed system. As entropy
ses, uncertainty increases, freedom
choice increases, but the informational efficacy decreases.

e result of the model is the derived requirement for a total
4 economic cost approach to weapons acquisition. A balance must be
3 sought between economic program cost and admi rative cost. A
; startling development is that a cost growth f¢r\ a specific con-

4 tract may be less costly than the actions necesdary to preclude
3 its occurence. Order No. 72-14, 1ll1, 199 pages.
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A CONCEPTUAL COST MODEL FOR UNCERTAINTY PARAMETERS
AFFECTING NEGOTIATED, . SOLE-SOURCE,
DEVELOPMENT CONTRACTS

CHAPTER I
INTRODUCTION

In recent years much attention:has been placed on
the subject of cost growths as rélated to the acquisition
of weapons systems by the military services. Peck and
Scherer in a study of the weapons acquisition process found

that the average development cost prediction error for a

~ sample of 12 weapons programs was 220 percent with a stand-

ard deviation of 170 percent.1 A congressional list of 35
major weapons systems.d139103¢d that 27 of the programs in-
volved cost growths totaling 19.9 billion dollars.2
Simplicity appears to be the key characteristic of a
contracting relationship between any two groups. For a

IMerton I. Peck and Frederic M. Scherer, The Weapons

%ﬂm_ﬂ_:ﬁ%m (Boston: Harvard University Press,
2)y PP. 17-45. : ;

2npefense Digest,"™ ed Forces Management, January,
1970, p. 17.
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étated amount of money the contractor agrees.to}deliver to
the governmental agency a product at a specific time in a
stated quantity. A definite level of'performance';s also
specified. Invesﬁigatior‘reveals that the relationship can
'pe a complex one, ﬁaving a large mmber of interacting vari-
ables.

The final contract price uh;ch results between the
government and.the commercial contractor is based on esti-
mates of futuré-éosts. The estimates relate to the unknown
future and are ét best approximations which may involve con-
siderable error. The mcre ambiguous and vague the'specifica-

tions for the product or service. being purchased the larger

the potentiél range of error.

Uncertainties exist relative to program costs, de-

livery dates, and product reliability. The uncertainty pa-

: rapeters for a given weapon system will evidence themselves

most dramatically in the area of costs.S Delivéery schedules
and réliability are directly related to costs. If the con-
tractor is willing to expend unlimited funds in the face of
techhological_or other problems, then the delivery schedule
can be accomplished with the required degree of product
qﬁality. However, unlimited funds are not generally avail-
able. Firms face various funding constraints. The need is

3Robert J. Art, The TFX Decision (Boston: Little,
Brown and Company,l196é), p. 86.
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to create an approach for dealing with the program uncer-

tainties which are releva.nt.l" ‘

Thus, the purpose of .this study is to construct a
conceptuzl cost model that will assist the government and its
qontmmrs.ih.coxaing with the uncertainty pafameters which
could affect the costs of a sole-source, negotiated, devel-
opaent c:ontract.- The type of contract selected to support a
given program is at present the primary technique used to
cope with this cost uncertainty. _The goal is a better un-
derstanding of the weapons acquisition process that will
result fn the minimization of program and total-system costs.

The methodology of the study is' predicated primarily
on a survey of the pertinent proéurement literature relating

- to govermment procurement and uncertainty ana.lysis. The ap-

proach is eclectic as -different concepts are selected from

variocus sources for use in model building. Some observations

will be haséd_oﬁ personal experience with the research and
development portion of the weapons acquisition process. Per- ‘
taining to the weapons acquisition process and government

procurement practices, an average level of sophistication is

L2

ot et b MR e e S s e e e i i R G Ll
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assumed.
Scherer states that a survey of the literature has

limitatf.ons"and is no subst;ituté for careful empirical

l"CI. J. DiBona, Where Is Systems Analysis?
(Arlington, Virginia: Center for Naval Analyses, 29 April

1969), pp. 6-7.
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_ research.’ This limitation is acknowledged. - However, re-

search on individual development programs is extreqely com-
plex and time consuming. Considgrablé difficulty has been
experienced Ln,try;ng to compile detailed cost data and case
histories for~military research and development programs.6

A model is an abstraction from reality and has cer-
tain inherent limitations. The variables in a specific
model interact.with the larger system of which the model is
a part.  This factor requires some variables to be held con-
stant as one or several others are manipulated. However,
even with abstractions a model ﬁay have utility if the result
is a better understanding of the-subjecy being examined. Ad-
ditionally, Some factors defy quantification.7 These quali-

tative considerations can be evaluated and reviewed during

the decision-making process, so as to minimize the possibil-

. 1ty of a suboptimal decision.

At the outset the study will considerithe broad
aspects of the weapons acquisition process. This material

will furnish the foundation for later parts of the paper.

5Frederic M. Scherer, The Weapons Acquisition Proc-
ess: Economic Incentive (Boston; Harvard University Press,

1 s Do 4.
6

Burton H. Klein, The Degig;gg-ﬂgg%%ﬁ Problem in De-
velopment (Santa Monica, California: The Corporation,
February, 1960), p. 2.

7Philburn Ratoosh "Defense Decision-Making: Cost-
Effectiveness Models and Rationality," in Weapon System De-
cisions, ed. by Davis B. Bobrow (New York: Frederick A.
Praeger, Publishers, 1969), p. 30.




The specific focus will be the development portion of the
research and development spectrum Efforts to reduce un-
certainty mst start early in the program. Maximum effort
can be applied.to minimize developmental costs. At this ,

pa&nt, the concern.is with subsystems Which will later be
-aggregated to form a;given.weapon system. However, the '
various parts of the weapons gcquisitionmprocess are inter-
rglated, and subsequent discussions will reflect this inter-
dependency. - .

Costs growths may occur as the result of post-
acquisition actions, and this fact will be considered in
terms of the model that is developed. ?he-model will reflect
the static nature of the procurement-pianning period. Costs
are to be estimated for a future period. The future is re-
plete with uncertainty. This uncertainty needs to be re-
duced to increase the efficacy of defense decisions. Dynamic

- aspects of the situation will be considered. The passage of
time will validate or refute the actions taken during the
prenegotiation phases of the procurement cycle. High-quality
information is necessary to determine the status of program
coéts'at any point during the program. Such data will be

il s A s

the basis for decisions to effectively control costs. - 5;
Thus, the detailed plan evolves from the general to :

the specific. Chapter II introduces the research and de-

velopment spectrum, and other significant procurement con-

cepts. The weapons acquisition process and the procurement




éycle are the mporta.nt' aspects of Chapter III. The defense
industry and certain of its characteristics .are the prime

. topics of Chapter IV. In Chapter V the mgasurement’ of risk
and uncertainty is examined. A consideration of contractual
:an_entivés- _follows:.' ‘The cost growf:h. problem is considered
i‘n\‘Cha:pter VII, and in Chapter VIIT the attempts to cope with
the cost-growth problem are explored.  Chapters IX and X de-
velop the genez.:al and specific ver‘s:ions of the model. The

final Chapter contains the conclusions.

e e L T N R R S R
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CHAPTER II

RESEARCH AND DEVELOPMENT PROCUREMENT

Environmental change requires the modification of
weapons. A given weapon must conform to the current tech-
E, g nological state-of-the-art. This necessity often stimulates

the creation of new and more complex weapon systems. An-

other stimulus affecting system and system component change
are the operational problems. They become apparent as a
weapon is required to perform over an extended time period

and in several different capacities. The neceséity for new

ideas and the derived.;pplied concepts is a constant char-

acteristic of the military-planning environment. Many ideas
result in no meaningful technical progress. The only bene-
ficial conclusion is that the technical approaéh under con-

sideration will not work. The process leading from an idea

T
- v "

to a system component or system can be thought of as a con-

stantly evolving spectrum.

v & a4 L P
g e SR,
e it . . St A A M e S

% ; l ; The Research and Development Spectrum

The continuum originates with the research stage and

continues through exploratory and advanced development to

7
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engineering development. The latter is often referred to as
full-scale development. The nature of the sbectrum is dy-
namic when considered from the standpoint.of more than one
idea. New ideas have their genesis at each sFage Sf the
speétrum,.so the ggntinnum is cnnstaﬁﬁly being expanded. The
first th;ee stages are preacquisition in a system context. '
In the full-scale development stage the term, acquisition,
has meaning. The four stages are considered below.1

Research.--This stage envisions research for its own
sake. Basic research and those elements of applied research
which are directed toward the expansion of scientific infor-
mation are included. The over;all goal.,is an expansion of
general knowledge in the physical, biological, medical, be-
haviorial, social, and engineering sciences. A project may
yield only the information that a specific technique will not

- work.

Exploratory development.--As contrasted to research,
the goal is to explore the feasibility of applying new ideas

to military weapons and equipment. Now a part of the stage,
applied research was the descriptive term for the whole stage
several years aéo. The spectrum classifications are somewhat

arbitrary and overlapping.2 The budget process in the main

charles 7. Hitch, Decision-Making for Defense
(Berkeley, California: University of California Press,
1965), pp. 36-37.

2prthur Ahlin, "Firm Fixed Price Contracting for
Development," NCMA News Letter Anthology, Vol. No. 1,
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dictates the lines of demarcation to be establiéhed. Ex-
ploratory development is more delimited. Tﬁe product of the
research stage may be a. technical report. In expi&ratory
development the.reéult may be a protdtygg or'"bfeaé-board"

model. PR e : i

Agzggced.deve;oggegt.—-The effort is narrowéd in this
stage. The goal is the applieatiop of the idea to a specific
military purposelor problem. Experimental hardware is de-
veloped and tested for its suitability to ﬁilitary purposes.
If the tests are favorable, a decision may be forthcoming to
design and engineer~the'component for actual service use.

The program scope can vary widely.3 For example, North
American Aviation's X-15 required expenditures of tens of
millions. of dollars over many years, and the Advanced Manned
Strategic Aircraft (AMSA) cost eighty million dollars to de-

-velop.

eer development.--This stage encomﬁasses the
development of a particular system engineeréd for specific
service use but not yet approved for production and deploy-
ment. The C-5, F-111, and F-15 are examples of aircraft that
experienced cost problems during the stage.

1966-1969-1970 (Inglewood, California: National Contract .
Management Association, June, 1970), p. 105.

3Mhrtin Meyerson, "Price of Admission into the De-

fen?e6Business," Harvard Business Review, July-August, 1967,
p. 116. i

s e e




' The costing of a given program is most difficult in
the research stage. The spécifications are represénted by a -
rather vague and nebulous statement of work. _The ﬁu:pose of
this.wbrk~statementAis fd furnish the contractor general
éuidance, and to restrict the effort to a given scientific
field. Yet, the guidance must not be too rigid or the -
demic freedom of the researchers may be abridged. Stringent
curtailment of academic curiosity may stifle the spark of
creativity mandatory for scientific progress. When this con-
dition prevails, the end result is a wasted expenditure of
funds. A knowledge of what is being purchased is the key to
the preparation of individual cost estiﬁates. Each cost cat-

egory needs to be explored to determine its extent and the
bases for possible cost variations. These estimates will be
aggregated to determine total contract costs. This same
generic type of problem is inherent in the other three stages.
However, as the spectrum-is traversed the specifications be-
come more definitive. Th; core of the problem is that a goal
or series of goals are being obtained, not a hardware product.
The research and development spectrum occurs in an environment
characterized by technological, éost, and other related un-
certainties. In the area of uncertainty, the unknowns are
greatest in the reseﬁrch étage, and decrease as a program
passes across the spectrum. The uncertainties decrease over
time. For the contractor the need is to accelerate risk re-

duction.
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Program Origination :

Technological change stimulated by the passage of
time may induce the_awareness thﬁt a certain type éf weaﬁon
system must bé'deyelopad or improvements made. to an existing
system. Plans are formnlaﬁed and a deffhite requirement is
substantiated. The desideratum for an advanced development

program may be the result. The agency responsible for action

will attempt to translate the requirement into detailed
specifications. The next step is to locate the government
activity best suited to conduct the program. Assuming no
military agencf‘has the capability, a civiliaﬁ source will

'be'utilized.

L g

The program may be unique and require technical
specialization. In this instance, only one source will be
solicited. Increasing complexity and the growth in scoﬁe of
weapon systems has permitted such specialization. For ex-
ample, a firm develops an expertise in inertial guidance for
missiles. Faced with a limited market, the firm is able to
exist by product specialization. This type of procurement
is designated sole source and means that one source was so-
licited. A sole-source situation exists also when only one
firm is available, and submits ;n unsolicited proposal.
Studies by the Logistics Management Institute have revealed

that in fiscal year 1969, sole-source procurements accounted

for 60 percent of the total procurequt dollars and 73
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percent of the total procurement actions.h

The significance
of this condition is the monopolistic market relationship
which results. Competition is not a stimulus to regulate
cost. Instead, possible methods of controlling program costs
are the focal point of negotiations. : '

. In some cases, competition can be part of the ac-
quisitioﬁ procesé. When this situation occurs, proposals are
solicited from several firms, having products or services
which are close substitutes for one another. A source file
is reviewed, and those contractors which appear technically
qualified are requested to submit proposals. In fiscal year
1969, 40 percent of the procurement dol%ars and 27 percent
of the procurement actiong were categorized as multi-source
competitive solicitations.s

: The requirement for a change to an existing weapon

system or for the development of a new one may be. detected

by an individual firm in the defense industry. The technical

proposal is prepared and gubmitted to the pertinent military
service on an unsolicited basis. Such a situation will gen-
erally result.in a sole-source procurement action, if the
proposal is deemed technically acceptable. This type of
business practice is often advantageous to defense firms.

YLogistics Management Institute, Brie n Defense
c Wea Systems Acquisition (Washington,

. .56 Zggistics Management Institute, December, 1969),
ppo - . W

SIbid.
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Shoulﬁ the development project be successful, the firm based
on its technical knowledge is almost certain to receive
.follow-on.procurements for contimued development.  Even-
tuallj, the fiim.may even receive a sole—scurce4production.
contract. . ‘ - : :

The economic significance of sole-source procurements
is that competition is not available to stimulate efficient
resource allocation. Cost estimates are based on historical
dgta. Perhaps inefficient operations in the past form the
basis for cost data, then average total costs will be higher

than warranted.6

Studies have disclosed that adequate speci-
fications plus two or more qualified sources can result in

reductions in price of about twenty-five percent on the

_average.7

Contract Placement

The U.S. Government maintains a limited public-owned
laboratory and production capability. Consequently, goods
and services are primarily procured from the private sector

of the economy. Pro¢urements are placed by two methods.

Formal advertising.--By statute advertising is the
preferred procurement-placement methodology. The goal is to

6James E. Hibdon, Price and Welfare Theory (New
York: McGraw-Hill Book Company, 1969), p. 26%.
7The Southwestern Legal Foundation, Government Con-

tracts and Procurement (New York: Commerce Clearing House,
Inc., 1963), p. 207.
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- vertising and negotiation,9 First, no public opening of

.On the average, approximately 90 peréent of all defense

L -
!

obtain the highest degree of competition possible.® Tais

method is best for items standard in nature with a fairly
long record of production, such as food products, éutomotive '
parts, clothing goods, and furniture. The required goods are
detailed in a public advertisement, that solicits bids from = |
all companies wanting to participate. Respondents submit |
sealed bids which are opened at a specific time and place
under very rigid procedures. The procurement is awarded to
the lowest bidder. Research and development projects seldom
conform to the criteria for formal advertising.

Negotiation.-~Procurements not placed by formal ad-
vertising are generally placed by negotiation. The Logistics :
Management Institute cites two basic differences between ad- ?5

bids occurs, and secoﬁdly, the award does not necessarily go

to the lowest bidder. This second factor results from the

premium placed on techniqal competency. Price is certainly

a factor considered in research and development. However,

the need for a high-quality product and the best over-all

contractual arrangement may override price considerationms.

ol I L A S R o R A BTy 155 K i €40
DR i

8U.S., Department of the Air Force, Air University,
Extension Course Institute, Introduction to Air Force Pro-
curement, Vol. 1, Course 6500, Procurement Officer (Amarillo
Air Force Base, Texas: Air Training Command, 1 April 1971),

pp. 1-3.
9Logistics Management Institute, op. cit., pp. 2-3.




contracts by dollar volume are contracted on a negotiated
basis.'® To be more specific, in fiscal year 1970 the per-

centage of negotiated procurements was 88.6.11

Research

Explorator:}
eve ent

Advanced le Source Negotiate
; | Development rads |
Engineering \Source Negotiated

: Development
STAGE ‘ ORIGIN PLACEMENT

L4

Fig. 1.--Procurement concept relationships

. Graphic Summary
The procurement concepts considered in this chapter -

are related and interdependent. (See Figure 1.) The ad-
vanced development network is the only one extended; how-

ever, the same alternatives exist for the other stages.

10nThe profit Puzzle in Procurement," Business Week,
March 6, 1971, p. Wk. :

11npefense Profits to Rise," The Norman (Okla.)
Iranscript, June 1, 1971, p. 3.
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CHAPTER III
THE WEAPONS ACQUISITION PROCESS

The research and deﬁelopment continuum encompasses
research, exploratdry development, advanced development? and
engineering development. The total weapons acquisition proc-
ess is obtained by adding the production and operational de-
ployment phases. Definitionally, weapons acquisition is the
conception, development, and productionfof technically ad-

: vanced,weapcn,systems.1 A weaﬁqn system represents an inte-

gration of individual parts to form a complex whole. Opera-
tional,.maintenance; and other support functions are in-
cluded.2 Ad airplane, submarine, taﬁk, or ship are examples.

Weapon -Acquisition Phases

From a contractual standpoint the weapon procurement
process can be segmented into four phases. (See Figure 2.)

Conceptually, this subdivision permits contracts to be

1Schgrer, op. ¢it., p. 1. :
2Logistics Management Institute, op. cit.; p. 35.

16
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negotiated at the beginning of each phase, so as to encompass

the program effort contemplated for the pertinent segment.3

Topic: sy Subdivision
: 3 Contract
-| Weapon Concept Definition - Production
Acquisition Formulation : and
Process Engineering Operation
Development
Research
Research and _
Exploratory Full-Scale
Development ; Production
Spectrum Develgpment Development
Advanced
Development

gration .

Fig. 2.--Research and development conceptual inte-

Source: Hudson B. Drake, "Major DOD Procurements at War
with Reality," Harvard Business Review (January-
February, 1970),-pp. 129-131.

Concept formulation.--This phase includes fhe re-

parts of the research and development spectrum.

search, exploratory development, and advanced development

Since the

advanced development phase is included, and a sequeﬁtial pro-

gression 1s involved, a specific military application is con-

templated. Experimental hardware is developed on a proto-

type basis and tested to obtain more information as to the

3Hudson B. Drake, "Major DOD Procurements at War with
Reality," Harvard Business Review, January-February, 1970,

p. 127.

e e e ——




' formulation and the contract definition phases can be classi-

feasibility of the project design. The goal is to clearly

delimit the military requirement and to identify the best
alternative method for accomplishing it.u |
which seem to hold promise an objective emerges which will
provide a basic’devélopmental strategy for the future. The

For those programs

phase can be from one to five years duration.

Contract definition.--Information gained from the
concept formulation segment is épplied.- Two or more con-
tractars are selected to competitively define the develop-
mental effort. The emphasis is on planning. Each contractor
must execute a preliminary program design, evaluate technical
and schedule objectives, outline in detail the development
and production program, and extrapolate the program costs.
Such a painstaking routine is expected to reveal the risks
and uncertainties inherent in the program.5 Both the concept

fied as preacquisition segments, as related to the integra-
tion cf the component parts into one or several weapon sys-
tems. An evaluation of the phase results can result in a
decision to proceed. This period is of approximafely six :
months duration. ‘ !
:

hBlue Ribbon Defense Panel, Report to the President
and the Secretary of Defense on the Department of Defense,

Appendix E, Staff Report on Major Weapon Systems Acguisition
F%ocess (Washington D.C.: Department of Defense, July, 1970),

po 1.

jaichard M. Anderson, "Anguish in the Defense Indus-
try,g6HBrvard Business Review, Ncvember-December, 1969,
p. 166.
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Egg;geering develogment.--The decision to develop an
item for operational use leads to this phase. The specifica-

tions are more rigorously refined. The full-scale'system
will be developed and tested. The phase_precedes production
and is crucial for validating the design.of the weapon system

and may cover from two to four years. !

Production and ogeratibn;--Ihe weapon system has be-
come a reality. The component units have been successfully
integrated, and the decision has been made to produce the

item. As the weapon systems come off the assembly line, per-

sonnel are trained in théir use,'and the systems are placed
in the operational inventory. Though net considered in this
study, support and maintenance are the next steps. The

weapon system is operational until new technology stimulates
modifications or the development of a diffgrént weapon. 'The

cycle then is repeated; .

Historical Persgective6

Two factors characterized the weapons acquisition
process in Colonial times. These factors were generality and
simplicity. The weapons technology was based on a society
whgre men used weapons daily for gleaning a livelihood. Man-
ufacturers and merchants could easily adapt to military pro-
_duétion of items, such as rifles, hunting knives, and gun

powder. Thus, weapons were general in nature and low cost

6

Logistics Management Institute, op. cit., pp. 39-78.
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production was possible. Also weapons were ;imple. The
warship from a definitional standpoint was the most complex
weapon which can be designated as a system. From é produc-
tion reference point, weapons were produced by both private
gnd public concerns. Competition existed between private
companies as related to the selling of arms to the govern-
ment and between.private and public concerns. This situation
existed in principle until World War I. The Industrial Revo-
lution had set in motion technological forces which had been
applied in a fragmentary fashion to local conflicts. World
War I consolidated the various scientific advances. The re-
sult was the increasing use of weapon systems, such as the
airplane, submarine, and tank. The tre;d was toward greater
- complexity and specialization. The successful épplication
of many scientific advances to weapons development led to
increased expenditures which resulted in more techgical
breakthroughs. ' |
The United Stateg entered World War II at a techno-
“logical disadvantage. Technical advances had occurred but
were intrq@uced primarily into the commercial area during the
interwar period.A Instead of merely trying to cope with the
technical a&vances of the enemy, the country forged ahead.
The tendency of weapons development to press the limits of
existing knﬁwledge was accentuafed. Many new weapon systems
were placed in the operational inventory. The atomic bomb

and the proximity fuse were created. Advances were made in

T oo -1 ol Tt 5 S B s O i NG 7 S 058 S b 8 s 2
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information technology. - Increased complexity and specializa-
tion resulted in changes in the governmental organization
structure. The Department of Defense was reorganized. 4
defense industry came into being in this technical and un-
certain environment. T

: In the decade of the 1950's a technological revolu-
tion occurred. Systems, such as the Semi-Automic Ground En-
vironment (SAGE), M-48 tank, the F-4 Phantom II fighter, were
developed. Théy were created in response to a continuing
external threat to the country.

This threat resulted in the acceptance‘of a large
standing military force in a constant sEate of readiness. 1In
order to provide the weapon systems needed, a permanent de-
fense industry came into existence. From a pistorical stand-
point the weapons acquisition process evolved from a rather
simple process effected in a simplistic environment to a com-
plex procedure which has to be conducted in a highly struc- ;
tured milieu. The hilitary products evolved from general
ones used by the majority to complex oneé used only by a
minority. The products are used in small quantities and must
be manufactured by épecialized firms which practice market

segmentation and product speciﬁlization.

The Procurement Cycle

- At each interface between a procurement'phase a con-
tract or contracts will be negotiated. Each contract has a

life cycle commonly referred to as the procurement cycle. In




2
Figure 3 this cycle for an unsolicited sole-source procure-

ment is outlined.

Procurement _ Contract Contract
| Planning - ™ Negotiations ®Finalized
[}
Military
Requirement
Contractor Contract Contract ¥
Proposal @ (losed " Administration

Fig. 3.--Contract life cycle

Contractor proposal.--The prospective contractor

recognizes the need for a certain weapon component. Seizing
this opportunity, a proposal is prepared which outlines the
technical program to be pu}sued. A cost budget is prepared.
The cost budget indicates the total costs to be incurred in
conducting the program. At this point the budgetary figures
are estimates. Only the passage of time can truly refute or
validate them. The proposal is submitted to a government
organization which has primary interest in the contemplated
technical area. An assumption is made that the proposal is
submitted to an Air Force agency which funds development

projects.

Requirement validation.--After receipt the Air Force
organization will evaluate the proposal from a technical and
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éost standpoint. At this juncture the technical merits of

the program are of paramount importance. Assuming the pro-
posed developmental effort meshes with an Air Forcq require-
- ment, the program will be approved for funding. Internal
qocuments are pfebéred and the procurement section of the
organization will be requested to negotiate a contract to _
support the developmental endeavor. The actual process is

more complicated, but is being abstracted for simplicity.

Procurement planning.--This point in the procurement
life cycle is critical. Multiple complex variables must be
definitively evaluated. Cost,.delivery dates, and quality
must be established. The study deals primarily with the cost
element and will, thﬁs, hold the other two prime factors con-
stant. The contract specifications have a significant effect
as related to the probability of a cost growth. These speci-

" fications must be accurately evaluated on a cost basis. The
cost-evaluation proﬁlem will be explored in greater detail
in a section devoted to cost eaalysis. From a static stand-
point, this part of the procurement cycle will be one of the
.critical aspects of the contemplated model.

Contract negotiations.--The process can be character-
1zed as a bilateral monopoly market situation.’ Assuming a

sole-source procurement, the firm is a monopolistic seller.

The government buyer is the only ome interested in buying and

7Hj.bd°n’ OE’ gi 0’, po 2670
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is, thefefore, a monopsonistic buyer. This‘relationship is
important and its implications will be explored. During the
negotiation process a multiplicity of.variables and rela-
tionships are examined and agreement reached.- Among the
variables are contract price, type of contract,‘delivery
dates, and.préduét quality. A contract price is an aggregate
of estimates comprised of manhours, materials required,
eqﬁipment ﬁeedgi, and other cost items. Should a significant
variance occur in any one of the estimates, a contract cost

growth.hay occur. Thus, the negotiation procedure is an im-

- portant aspect of cost control.

Contraét finalization.--This stép involves statutory
reviews Ey the procuring agency of the negotiated arrange-

ment. A contract which reflects the negotiation agreements

is written and sent to the contractor for analysis and signa-

ture. After the contractor signs the document, the govern-

. ment contracting officer is in a position to review the con-

tractor's exceptions, if any, and then to sign the document
also. The contract is now a legally binding agreement which
basically requires that a given product be produced in a
given quantity with a specific‘quality aﬂd that delivery be
made at a designa;ed timé. The stipulated price also en-
visions deli#ery to a definite geographical location. The

product may range from a hardware item to a paper report.

Contract administration.--Most contracts are assigned

to either the specific service for research and development
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contracts, or to the Contract Administration Services (CAS)
in the case of production contracts for administration. Con-
tract administration includes the production, inspection and
delivery of the product (whether report or hardware'item) to
e purchasing activityor The Sistgnsted Supresentative.
The procurement planqing and.negptiation phase may consume
from one to twelve months. The administration period may
cover several years. Many variables must interact iﬁ a pre-
determined manner to produce a product and to deliver it.
Should one of these elements go out of control, cost vari-

ances can occur.

Contract closure.--After the preoduction items have
been delivered and accepted by the government, final payment
is made. The contract is -now completed and may be retired to

the inactive file.

Sﬁmmation.--On an over-all baéis, a contract may span
a time period of several years' duration. (See Figure k.)
Dollars are expended over time on line toT. The assumption
of a uniform expenditure rate is made. At to the contract is
nggotiated and a total price is determined. The future is
uncertain and unknown. As a result of any number of circum-
stances, costs may be higher than anticipated (line segment
t28). The cost growth is fepresented by the segment RS.
Propér feedback during administfation will reveal the deviant

elements of cost. Investigation can be initiated to ascertain
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the causes. Thus, in Figure 4, the two primary aspects of

the procurement cycle are brought into focus. First, cost
growths occur over'time dur;ng adminiétration; and.secondly,
factors considered at ty, when the contract was negotiated
may camse vafiahkes from line toT. The imp@iéationé and ex-
tensiaon of this primitive model will be examined in Chapters |
IX and X. _ , :

Dollars

Bl - 300
200 | -

3 100 }

t0 ; : t1 - t3 Time tn

Fig. ¥.--Contract expenditures

Cost analysis
A distinction must be made between cost and price

’

MR Db T i ok S s
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analysis.8 The latter term refers to the evaluation of

prices as proposed by a contractor. .This procedure usually g

4 3 v»‘"l“'
e i s Sl

requires a camparison with past prices paid, catalogue list

—~—

'8U.S., Department of the Air Force, Air University

E Exténsion Course Institute, Procurement by Negotiation, Voi.
| 9, Course 6500, Procurement Officer (Amarillo Air Force
E Base, Texas: Air Training Command, 1 April 1971), pp. 60-62.
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prices or other comparative techniques to determine whether

or not a price is fair and reasonable to thé government.

Price analyéis is applicable to fixed-price contracting of
off-the-shelf hardware items. Cost analysis ;nvol;es detailed
.analyéis of the elements which are contained in a prospectiﬁe
éontractor's cost proposal. This procedure is imperatiVe for
a sole-source, negotiated program where the specifications.
are relatively vague and nebulous. Cost categories, such as
direct labor, direct materials, special‘test equipment,

travel expense, and subcontracting would be evaluated as to
fairness.? Evidence derived from independent studies by the
Blue Ribbon Defense Panel supports the contention that an un-
warranted degree of confidence is pléce& in cost estimates.10
In many advanced development programs, where a goal, rather
than a product, is being procured, cost prediction is diffi-
cult. When a contractor submits technical and cost proposals
to ; government activity, the.contracting officer must ascer-‘
tain the validity of the cost estimates. The contractor may

have prepared the estimates by a comparison to a similar

program. Previous estimates are increased by a certain per-

centage. Assuming a cost increase of 10 percent, an estimate

9U.S., Department of the Air Force, Air Force Sys-

tems Command, Air Force Laboratory Procurement Management,
AFSCP 70-3 (Washington, D.C.: Andrews Air Force Base,

30 June 1967), pp. 4-8 to 5-1. | 4
10B1ue Ribbon Defense Panel, Report to the President

'%gd the Secretary of Defense on the Department of Defense

Washington, D.C.: Department of Defense, 1 July 1970),

pp. 83-8k4.

¥ '“i-.ba,"hc&h = S
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on a similar program of 100 dollars is transformed into a

110-dollar estimate for the new program.

ane these estimates are reduced to writing, they
seem to assume an aura of infallibility. .The'fallgcy of
this posture stems from the uncertain nature of the future.
fhe possibility of environmental change makes future cost
variability almost inevitable.!! 'The law of large numbers
may permit the detailed estimates to offset one another to
some extent. The occurrence of this condition is not certain.
Thus, the decision-maker needs to insure that in the coét-
analysis process every effort will be made to reduce the cost
unceftainties inherent in a given research and development

»

program.

1W. sutherland, Fundamentals of Cost Uncertainty |
(McLean, Virginia: Research Analysis Corporation,
March, 1971), pp. 1-2. .
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'TEE DEFENSE INDUSTRY ENVIRONMENT

The structure of the &efense industry has evolved
based on implosive inputs of a political, social, and eco-
nomic nature. The continuing external threat, after World
War II, led to the acceptance by the American public of a
large standing military force and the growth of a specialized
permanent defense industry. Several de%initions have been
applied to the defense industry. Kayloe concludes thaf the
industrylis composed of firms which produce-the following
items: aircraft,’ missiles, arms and ammunition, electronics,
control and command equipment, and ships.' This definition °
relies on product characteristics. According to Péck and
Scherer, the industry may be described in terms of product
categories, economic roles, contractual arrangement, and by
size.2 An acceptable definition is that the defense in-
dustry is composed of those firms which sell products and

1a. Kayloe, "Resource Allocation and Control in the
Weapon Acquisition Process" (rough mamuscript of book, Air
Force Institute of Technology, 1970), p. 2.

2peck and Scherer, op. cit., pp. 114-116.
‘ | 29
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services either directly or indirectly to the Department of
Defense (DOD).

DOD-Contractor Relationship
Many of the political, social, and ecbnomic factors

which have had a_deterministic impact on the structure of

the industry accrue from the relationship between the DOD and

its contractors. Scherer indicates that this relationship is
analogous to bilateral monopoly.3 The relatioﬁship places
the buyer in a monopsonistic position and thé seller in a
monopoly role. Berhold considers the government to be a
monopsonist. However, hé states that several contractors
can generally provide a given product and thus, is a member
of an oligopoly which can produce weapons to specification.l+
The large number of sole-source, negotiated proéurements
would seem to validate the bilateral monopoly relationship.
‘Howeven, at any given fime other economic market classifica-
‘tions may well apply. This study will abstract from these

exception-type situations.

Environmental Characteristics
Economic forces interact to create a relationship

which sets the defense industry apart from the general

- 3scherer, op. git-y D 156.

YMarvin H. Berhold, An Analysis of Contractual In-
centives (Los Angeles, California: University of California,
Los Angeles, Western Management Science Institute, September,

1967), pe 5.

B B B R SR
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business commnnity.s Six basic interrelated factors comprise
these forces:
" (1) Absence of competition,

(2) Demand uncertainty,

(3) Géograbhical concentration,

(&) Production dependence,

(5) Industrial specialization, and

(6) External and internal uncertainty.

The high-dollar cost of developing weapon systems
requires a firm which has a large working-capital base. The
factor iIs not so pervasive, if only subsystem or component
work is envisioned. In the syétems congept formulation and
contract definition phases two or more firms may bid on a
program. As the project progresses into the system develop-
ment phase, the unsuccessful firms are eliminated from coﬁpe-
tition.® This situation contributes to the cited sole-source-
procurement methodology. An environment of no competition is
enhanced by .the fact that.firms will specialize in a given
research and development discipline to insure a constant
demand for their products.

Demand uncertainty derives in part from the nature
of the products which are needed by the government. Weapon

systems and camponents are developed to fulfill a given

Ipeck and Scherer, op. cit., p. 17.

6Logistics Management Institute, DOD-Contractor Re-

lationship--Preliminary Review (Washington, D.C.: Logistics
Management Institute, March, 1970), p. A-2.
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requirement created by an exisfing technological state-of-
the-art. Continued research has a tendency to make such
items. obsolete. Weapons have a specialized use. ﬁsually
only a small mumber will be required. Another factor is the
reality of budget limitations.. Congress authorizes funds
for the DOD. The military services in allotting funds to _
weapons inyestmeﬁt projects are generally subject to funding
constraints.

The primary defense contractors subcontract many
component parts to small business firms. Transportation and
other factors lead to a concentration of activity in the
defense industry. The study by Peck and Scherer indicated
that ten states led by New York, Michig;n, and Ohio ac-
counted for 70.6 percent of the total contract awards for
the period 1959-1960.7 Two factors are of interest. During
the 1960 period the geographical concentraﬁion’for defense
work beganvto change. Congressional action was initiated
directing the procuring agencies to spread the business among

~the different geographic areas of the country.8 Also a trend

toward geographical decentralization by industry has been de-
tected.? These two factors might impinge on the future costs

of weapon components and systems.

7Peck and Scherer, op. cit., p. 111.
Ibid., p. 113.

97ames A. Constantin, Principles of Logistics Man-
a3§ment (New York: Appleton-Century-Crofts, 1966), pp. 517-

8
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According to the Harvard Business Review, 22,000

prime contractors, and 100,000 subcontractors participate in
the defense industry.1°< This condition leads to alsituation
where nuﬁerous subs}stems are being developed.simul-

tanecusly.11 A given subsystem>delivers its products to an-

other subsystem which eventually inputs to the major system.

Substantial risk is involved, as a failure in any subsystem
can disrupt the production process and result in increased
costs. Such a relationship creates a network of firms which
‘are dependent on the government and one another for business.
In this web-like structure price accretion occurs, as the
subcontractors pass their costs on to the next higher tier

L4

until the final component cost is charged against the prime

contract. Unless adequate cost control is exercised, a cost
growth for the prime contract can occur. Production de-

pendence contributes to the concentration of defense dollars

TN o A A St G e 52

in a relatively small group of companies. In fiscal year
1968, five firms had prime contracts for military business

in excess of one billion dollars each.'? The firms were

McDonnell Douglas Corporation, General Electric Company, and

Retideabon Soocic g i

United Aircraft Corporation. In f;scal year 1969, four of

%
7

4 107ack Raymond, "Growing Threat of Our Military-
¥ Industrial Complex," Harvard Business Review, May-June, 1968,

p. 57.

11Aerospace Research Center, Aerospace Profits vs.
Risks (Washington, D.C.: Aerospace Industries Association of °
America, Inc., June, 1971), p. 3. :

12Kayloe, op. cit., p. 29.
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the companies repeated this achievement.'3 United Aircraft
Corporation fell to .997 billion dollars of defense business.

Thus, large defense contractors with mich financial and
political clout negét;ate with the government in a bilateral
monopoly-market situation. T

| - The final environmental factor is the uncertainty
inherent in the researéh and development spectrum. Glennan
considers uncertainty to be tﬁ; dominant environmental char-
acteristic and bosits a dichotomous classification.14 The
two groups are internal and external. The frame of reference
is the individual system or project. Factors, such as the
future nature and objectives of military forces, the effec-
tiveness of these forces, and alternati;e ways to obtain the

objectives, are classified as external uncertainties. For

example, a given state-of-the-art may dictate that a certain

weapon system be developed. Scientific advancements occur.
{ New technology inducés a state of obsolescence for the ini-
j tial system or subsystem. The Snark and Navaho cruise mis-
l:i » siles illustrate the point.15 Demand uncertainty was treated
4 separately and is a manifestation of an external variable.

7;1 : Internal unce:tainties interact with the external ones in a

;Ji 13"ho Pulled in the Big Ones," Business Week,
E November 8, 1969, p. 130. .

E : . 1“T. K. Glennan, Jr., "Research and Development," in
Defense Management, ed. by Stephen Enke (Englewood Cliffs,
ew Jersey: Prentice-Hall, Inc., 1967), p. 276.

151pid., p. 277.
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Stimulus-respohse relationship. Internal uncertainties com-

prise the second class. These uncertainties include factors
such as technical design difficulties, component iﬁtegration,
and financial stability of the company. e

' The environmental characteristics have been con-
éidered separately, ﬁhen in fact they interact directly with
one another. The situation exists in terms of industrial
spectalizstion. 'The DOD has a spectalized demsnd for untene
highly complex weapon components and systems. A hig@ly
specialized industry has evolved to supply the needed goods
and services.

The political and social elements relate to the legal
restrictibns piaced on the industry by %he legislative and
the judicial branches of the government.'® First, the firm
dealing with the Federal Government is contiacting with a
sovereign power.. The courts have often'favored the govern-
ment as a cdntracting party. An example is the governmental
imminity from suit except when it has consented to be sued.
Secondly, certain statutory clauses are required in contracts,

such as Buy American, Davis-Bacon, and Walsh-Healy. These

clauses have a special economic or social goal in mind. Im-

plementation and adherence can cost the firm more than on a

contract for commercial work. . This fact follows from the

16procurement and Finance Council, Risk Elements in
Government Contract (Washington, D.C.: Aerospace In-
ustri;s Association of America, Inc., October, 1970),
pp. 1-3. :
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extra paperwork generated, if from nothing else. Thirdly,

the Congress has agencies, such as the General Accounting
Office which investigate the procurement practices of the
DOD and report to QOngress and indirectly to the. American
public. Therefore, defense business is conducted under the
scrutiny of the Congress anq the public. Finally, .the
legislative brénch of the government appropriates ‘the funds
for the DOD énd other government agencies. A reduced fund-
_ing level foll&wing a year of large expenditures may well
result in overcapacity in the defense industry. The inter-
related nature of the firms will cause a reduction to be felt
throughout the industry and the country: The reduction will
spread w;th a multiplier effect, eliminating jobs and idling

PE—

??g _ equipment and facilities. The characteristics considered in

a this Chapter either result from the nature of uncertainties
~or from the efforts that are taken to cope with them. A

§g1. better,understaﬁ@ing of the uncertaihty parameter is required.
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THE MEASUREMENT OF RISK AND UNCERTAINTY 1
1 L et From a.simplistic frame of reference, uncertainty is 1

the absence of information. For decision-making purposes, ?
when all information about the future is known, there is no
reason for a wrong decision. The uncertainty spectrum is il- ]
lustrated in Figure é. A decision maker may be located at
any point on the spectral continuum. Pfoblem definition
moves thé individual to the left of the specérum toward com-
plete knowledge or certainty.

Certainty Risk Uncertainty

e

bt T R
e ks .
N G A A M o

=

Complete Incomplete Absence of
Knowledge Knowledge Knowledge

7

‘ o
- P LA
<

Fig. 5.--The uncertainty spectrum
37
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The assumption is made that uncertainty and risk can
be treated as synonomous terms. A review of the uncertainty
spectrum confirms ﬁhe difference between the terms as one of
degree. Decision makers usually have some information to
serve as a basis for decision making. Seldom will a decision
be made when no information is available. Rather the de-
cision will be delayed, and action ;nitiated to obtain some
information. ﬁiék implies that the probability of future
events is known in terms of a probability distribution.1 Un-
certaint} generally is defined as a situation where the
probability of events is not known. From a sﬁbJective stand-
point, the decision maker usually has intuitive feelings
about the future and is able to structu;e a probability dis-
tributioﬁ. This subjective estimation of probabilities will
move the decision maker into the risk segment of the spectrum.

A careful definition of the problem in terms of past ones of
a similar nature will assist in enhancing the visibility of

subconsciously submerged information. Chance,2 Grayson,3

'Frank H. Knight, Risk, Uncertainty and Profit (New
York: Houghton Mifflin Company, 1921), pp. 19-21.

2William A. Chance, Statistical Methods for Decision
Making (Homewood, Illinois: Richard D. Irwin, Inc., 1969),

p. 3.

3¢c. Jackson Grayson, Jr.b "The Use of Statistical

Techniques in Capital Budgeting,” in Financial Research and
%ggggement Decisions, ed. by Alexander A. Robichek (New York:
ohn Wiley & Sons, Inc., 1967), pp. 90-91.
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Bierman and Smidt,u Robichek and.Myers,5 and Lerner and

Carleton§ support this assumpfion. Knight ﬁaintains that the
two concepts should:be treated as separate entitie§.7 Hunt
supports him.8 Hunt's assertion is based.on Dean's treat-
ment of the concepts.’ Dean defines the terms and treats
them separately. Hwang in his studies takes this same ap-
proach.1° The latter three indi%;duals concentrate their
efforts in the risk part of the uncertainty spectrum. The
approach taken by both groups to cope with the unpredicta-
bility of the future, however, from a conceptual standpoint
is basically the same. Therefore, uncertainty will be
equated with risk, since the terms are essentially indis-

tifguishable.

l"Ha.::old Bierman, Jr. and Seymour Smidt, The Capital
Budget;gg Decision (2nd ed.; New York: The MacMillan Com-
pany, 1967), p. 196.

-~ SAlexander A. Robichek and Stewart C. Myers, Optimal
Financing Decisions (Englewood Cliffs, New Jersey: Prentice-
Hall, Inc., 19 9 ppo 8-690 :

, 6Eugene M. Lerner and Willard T. Carleton, A Theory
of Financial Analysis (New York: Harcourt, Brace & World,
Inco’ 19 ] ppo 99-101. 3

7Knight’ Og. cito, ppo 19’210
8Raymond G. Hunt, personal letter, July 8, 1971.

9J0el Dean, Managerial Economics (Englewood Cliffs
New Jersey: Prentice-Hall, inc., 1951), pp. 7-8. x

10John D. Hwang, Analysis of Risk for the Materiel
Afgu;sition Process, Part 1: Fundamentals (Rock Island,
inois: Systems Analysis Directorate, U.S. Army Weapons
Command, November, 1970), pp. 9-17.




Taxonomic Considerations

Various terms have been used in the iiterature to
categorize and describe the types of uncertainties yhich
have been identified and observed. In Table 1 these terms
have been classified into four taxonomic classes: environ-
mental, functional, informational, and fechnical. The pur-
pose of these classes is to elaborate a definitional struc-
ture for reference purposes.

In a footnote, Peck and Scherer indicate that un-
certainty from a technical standpoint has no utility for
their stu.dy.11 Yet, if the uncertainty in a situation is to
be dealt with, the gap between the colloquial meaning of the
term and its technical meaning must be éridged. Uncertainty

“has significance when related to the future. Changes in the

external or internal environment for a given organization
will occur in the future. Since the future cannot be pre-
didféd, it is uncertain and in the face of unknown variables,
a decision made in the present may well turn out to be wrong.
Therefore, from a generic’category, the merging of the en-
vironmental, informational, and technical taxonomic classes
is necessary. Thé functional class is another way of de-
scribing the iaformational class of variables. The rela-
tionships from a definitional and sequential standpoint are
illustrated in Figure 6. -

"peck and Scherer, op. cit., p. 18.
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TABLE 1
UNCERTAINTY TAXONOMY

Description Comment
Environmental:
'1a. Nature? 1a. The uncertainty is related to

b. Social and
Political

c. Communication

Media

2a. ExternalP

' b. Internal

3a. Exogenous

b. Endogenous

2a.

natural factors, such as storms
and floods. :

The term relates to the impos-
sibility of being able to pre-
dict with any precision the
actions of social and politi-
cal groups.

The disparities that exist in
the access which peopie have to
the various informational media.
The differences result in ig-
norance on the part of many
groups and individuals.

The passage of time results in
changes which can distort the
results of decisions based on a
past state-of-affairs.

These uncertainties relate to.
factors external to a project

which can impinge on final re-
sults.

Internal uncertainties comprise
those stemming from the techni-
cal approach taken, etc.

The stimulus, initiating a given
change, comes from outside the
organization.

The stimulus, initiating the
change .originates within the
organization.

Y
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[ . TABLE 1--Continued
|

.
—

| Description Comment
; Functional:
5 g o 1a. Business Risk® 1a. The firm is uncertain about its

future income stream. The risk
is associated with the firm's
operation. : .

b. Financial Riskd b. The uncertainty is generated by
{ the ratio of debt to equity in
the capital structure. The
amount of earnings available to
; common stockholders. For con-
. tracting the risk of profit or
loss on an individual contract
. is involved.

c.- Technological "C. Changes in the state-of-the-art
Uncertainty® can render a weapon obsolete.
Thus, uncertainty exists as to
how long a weapon can remain in
the operational inventory.

d. Productionf d. Most products represent an in-
tegration of component parts.
Should a. part not be available,
then the finished product can-
not be ready on time and even
its cost can be affected.

Informa*ional:

2a. Known Unknownsh 2a. The facts the contractor knows
, that he does not know.

& ; la. Anticipated 1a. The unknowns in this class are
- Unknownsé€ : those that a contractor is aware
td of. The problem area is an-
ks ticipated.
-i b. Unanticipated b. These unknowns cannot be fore-
&l Unknowns seen.
|

b. Unknown Unknowns b. The unknowns the contractor
does not anpicipate.
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TABLE 1--Continued
. —— — — —  —— ——— —— —— —  — — — —— — —— —— —— —————————3
Description Comment

Tec al:
ta. Uncertainty 1a. The known is completely domi-
: nated by the unknown. The
probability distributions for
future events are not known.

b. Risk; b. A decision leads to one of a
. specific number of well defined
alternatives. The totality of
outcomes for a given variable
can be described by a proba-
bility distribution.

c. Certainty c. Bach decision leads to a pre-
dictable outcome. No doubt as
to the final outcome is pos-
sible.

2a. SubjectiveJ 2a. The term relates to the proba-
: bilities assigned to an event
and which are wholly based on
the observation choice.

b. Objective b. These probabilities are derived
. by specific procedures inde-
pendent of the problem being
confronted.

8Charles 0. Hardy, Risk and Risk Bearing (Chicago,
Illinois: The University of Chicago Press, 1923), pp. 2-3.

Ppeck and Scherer, op. cit., pp. 17-54%.

CJames C. Van Horne, Financial Management and Polic
(Engigwood Cliffs, New Jersey: Prentice-Hall Inc., 1968),
p. 145. ‘

dHerman 0. Stekler, The Structure and Performance of
the Aerospace Industry (Berkeley, California: University of
California Press, 193%), p. 84%.

®Peck and Scherer, op. cit., pp. 45-48.

fJ. Robert Lindsay and Arnold W. Sametz, Financial

?ﬁn; ementsgﬂomewood, Illinois: Richard D. Irwin, Inc.,
, p. .
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TABLE 1--Continued

€Drake, op. cit., p. 124.

Bprank Burnham, "Plotting the Unks-Unks," Armed
Fo;ges Management, February, 1970, Be 59

iFrank H. Knight, Risk, Uncertainty and Profit (New
York: Houghton Mifflin Company, 1921), pp. 19-21.

Ip. J. wnite, Decision Theory (Chicago, Illinois:
Aldine Publishing Company, 1969), p. 953.

Uncertainty

Equals

Risk

Fig. 6.--Definitional tree for uncertainty

These classes will permit a common language as re-
lated to uncertainty.' For example; anticipated exogenous
uncertainty in a situation is a variable which is external
to the organizétion. The decision maker envisages a possible
impact on the future outcome of a decision. Unanticipated
exogenous variables are external to.the organization and un-

known to the decision maker.




In relation to the weapons- acquisiti_on. process, un-
certainty is resolved over time. As a scientific concept
traverses the spectrﬁm from research through exploratory de-
veloxhent; .to-prgdﬁction, information is glea.mpd frc;m each
stage which pemité the successful solution for the emergent
;;roblm. In the concept formulation and contract defini-
tion phases the anticipated unkmowns (exogenous and endog-
enous} are. dominant. In the area of engineering development,
the umanticipated (exogenous and endogenous) prevail. The
uncertainty related to the concept being considered decreases
at a uniform rate. This assumption will facilitate the ex-
position. (See E'iigure_‘ 7-) One of the goals of risk analysis
is to increasé the sloﬂe of the uncertaj:nty function.

+ Informational Considerations -

In a’theoretical gontext, information is difficult to

. define. In a generic sense, information is what- an individual

knows and also what he does not know. The sum is the total
poul of Imowledge. Information is rarely complete when a de-

cision is to be made. Rather, additional information is

sought éo that the uncertainty in the situation may be re-
duced. :

Information may be thought of. as a commodity.'? In
this sense, information can be étripped of its intangible

12g. 1. 8. Shackle, Uncertainty in Economics and

Other Be%ectiogg (London: Cambridge at the University
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Fig. 7.-~The resolution of unknowns
Source: Hudson B. Drake, "Major DOD Procurements at War with
Reality," Harvard Business Review (January-
Febrqary,_1970 s PP. 129-131. :
aura and treated as a tangible item which may exhibit vary-
ing degrees of value in terms of supply and demand. For an
organization or individual information will thus exist in
the internal and extern#l environments of the firm. 1In the
absence of perfect knowledge about the characteristics of a

system, the decision maker will assume a position on the un-

certainty spectrum between the two poles of uncertainty and

certainfy. Movement toward certainty and, perhaps,
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ultimate survival, can occur by the acquisition, use, re-

tention, and transmission of information.13

Information Characteristics

As a commodity, inrornafian possesses several char-
acteristics. These factors can be described and measured.
This sfatement is especially apﬁropriate if information is
considered the input commodity for a management information
system. The information system will exist for the purpose
of obtaining feedback about the state of an organization or
the financial status of expenditures under a development
contract. This feedback ideally will exhibit certain char-

acteristics.1k .

Objectivity.--The goal is to eliminate bias or to
recognize predispositions which might structure the informa-

tion in the direction of a preconceived result. Information,

as such, is usually neutral. If the data are objective, the

receiver of the input signal will provide any observed bias.

Validity.--An information system is designed to

acquire certain relevant data elements. Feedback information

must reflect this pattern.

4

13Norbert Wiener, Cybernetics (2nd ed.; Cambridge,
Massachusetts: The M.I.T. Press, 1961), p. 161.

1l+Robert W. Swanson, An Introduction to Business

Data ocessing and Computer Programming (Belmont, Cali-
s Publisbing Co Sipany, Tnc., 1967 , p. 190.
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Reliability.-~The information transmitted to the
decision maker must be free of error. Control mechanisms

will be necessary to maintain integrity in the system.

Relevance.--The quest is for.the infdrmation to re-
late to the crucial decision variables in the system. A
review of minutia or trivial information might be interest-

ing but serves no purpose and possesses no utility for de-

cision making.

Completeness.--The acquisition of relevant data will
permit the resolution of uncertainty in such a manner that

suboptimal decisions can be avoided.

L 4

Usefulness.--The economics of a process require that

the information be of a type which can be used for decision-

making purposes. Extraneous data has a definite opportunity
cost. In economic terms, -the marginal return from the in-
formation must exceed, or be equal, to the marginal cost of

obtairing the déta.

Organization.--Information in a specific system or
universe may exhibit varying degrees of organization. En-
tropy constitutes the amount of disorder in a system.15 In
general, the amount of entropy tends to increase over time.

The need is to reverse the flow. A source of negative

151ra G. Wilson and Marthann E. Wilson, Information,

%gﬂputesg, and §z§tem Design (New York: John Wiley & Sons,
c.,17’p027'
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entropy is necessary.' Information is obtained from this

negentropy.

Recencz --Closely related to the‘organization factor
is the nequizamenxﬂthaz-¢hezt:£uxmatinn.1n a system be up-
dated. The tendency of the entropy in the system to in-

crease causes a degradation of existing information.

Uhcertaintz-Tiﬁe Relationship
The degree of uncertainty present in a situation in-

creases in direct proportion to the number of unknowns in-
volved and the distance into the future of the contemplated
events. Thus, uncertainty is a direct function of time. The
more distant the event relative to the ﬁresent, the more un-
certain is its outcome. The basis for the unce:tainty is the
absence of information concerning changes which will occur.
Change is a constant in the énvironment. Change is
predicated oh the nature of time. Fluidity and movement

characterize time.16

Movement is a dynamic concept and is
meaningless without a frame of reference. Time is measured
by the rotation of the earth as related to the sun and its
solar system movements. Certain characteristics can be de-
limitedAfor time.17 These characteristics are duration,

tempo, sequence, chronicity, and familiarity. Duration

16Robert Sommer, "A Time for Every Purpose," Natural
History, August-September, 1971, p. 2%.

17Loc. cit.




describes a time segment as circumscribed by a specific ref-
erence point. A day has a duration of 24 héurs but is mean-
ingful only in relation to the earth's rotation. ?empo re-
lates to the rate of passage. Ibhpo will be consistent ror'
any given reference point but changes from point to point.
varicus courses of action with different sequences of events
are possible. The occurrence of certain events may require
the later occﬁrrence of other dependent events. Some se-
quences are cohprised of independent events. Chronicity de-
pends on the time pattern of sampling entries into a system.
Several brief entries will providé a different perspective
than one prolonged survey. Familiarity relates to the in-

formational cognition variable. The level of awareness varies

from no knowledge td perfect knowledge. From a biological
context, an organism has the opportunity to increase its
knowledge level dependent on innate ability to detect a pat-
 tern of change.

The goal is the reduction and resolution of uncer-
tainty over time. From the vantage point of the decision
maker at ty (see Figure 8), uncertainty increases at a con-
stant rate on line tyT. This relationship can be expressed
by the formula:

U= bt
where U represents uncertainty, b is the slope of line tqT
(b 1is assumed to be a constant), and t is the variable, re-

lating to the number of time periods, as movement on the

e
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time continmuum is contemplated. However, regarding the time

perspective of ty, the time frame is static. The passage of
time involves movement as information is gained frqm the en- -
vironmental sensors in the form of feedback. Uncertainty is
reduced by lowering line Rt,. ‘

Knowledge Level -

R

€ t t t t
0 1 ? 3 Time n

Fig. 8.—-Unceftainty-time relationship

Uncertainty Elimination
In Figure 8, uncertainty is completely resolved at

time t,. The future has become the present. The decision
made at time to can be evaluated as to its degree of error.
However, such an ex post analysis is good only from a his-
torical standpoint. The goal is dichotomous. First, for
the discussion applicable to time tos the decision maker ’
needs techniques to improve the quality of current decisions.
This fact relates to the static time frame. Secondly, in-

formational sampling on a discrete time-interval basis is




required to permit the decision maker to modify his past de-
cisions. These actions will assure that the outcome at t3
or t, is of the proper quality. Thé sequential acéuisition
of new 1nf9rmation permits evaluation and control.

_ Uncertainty can be eliminated elther by taking def-
inite action to reduce it or by transferring the risk to.

others.18

Thus, in the government-contracting relationship,
uncertainty can be transferred to the contractor or the risk
may be shared and action taken by both parties to reduce its

magni tude.

Individual action.--The methods for elimination or

reduction of risk on a generic level canm be summarized as
follows:

(1) Prevention of the harmful events. An extremely
risky part of the program is eliminated.

(2) Research to remove uncertainty. Additional data

is captured to permit better problem definition which in
turn leads to better solutions.

. (3) Offsetting of risks. A portfolio of investments
.is combiﬁed in such a manner that the less risky investments
tend to dampen the oscillations caused by the more riskier
projects. .
A () Accumulation of reserves. Contingency funds are
accumulated to meet unexpected needs. In contracting, sup-

plemental funds are added to a program. The goal is to

1833rdy, op. cit., p. 10.
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anticipate the occurrence of unexpected problems. If noth-
ing happens, the funds are recouped. However, an opportunity
cost is incurred. . .; ‘

(5) CombinafionAor aggregation of risks. The law of
large numbers applies.; The aggregation of individual ele-
ﬁents absorbs the fluctuations of the individual members. ;
While the behavior of one unif may be relatively uncertain, ;
the behavior of the whole may be predictable within certain
limits.1?

Risk transfer.--The transfer of risk is important,
as it relates to the probortion borne by the commercial con-
tractor. Various sharing ratios may be’rnegotiated, and with
this arrangement both parties will be interested in tech- i
niques to reduce the magnitude of the risk which they face.
If the government bears all of the risk, then the contractor
must be willing to accept a lower profit. Therefore, for d
theoretical purposes the assumption will be made that the i
two parties are going to share the risks. The exact prcpor- ‘
tion is indeterminate uﬁtil negotiations are completed. 3

Risk Measurement ,
As Professor Hunt asserts, risk is difficult to meas-

ure from a conceptual 3tandpoint.2° Uncertainty was defined

as the absence of information. In most cases decision makers

19Ibid., pp. 11-31.
2oHunt, op. cit., p. 1.




f ; have some information available. As postulated, information

1 : can be considered a commodity. It can be described and meas-
ured. In most decision situations, a range of eve@ts and
values is possible.2! From this startiﬁg.poipt two measures *
4 ' of.uncértainty*pan be tised. First, probability may be used '
| #s a measure of uncez_'tainty.22 Then, the probability dis-
tributién for a given.tandom variéb1e~can be used to derive
probabilities that a certain v;lue will occur.?3 The ex-
pected value aﬂd.the distribution of values around it may be
used to predict the probability of a given event. (See

Table 2.) 3
TABLE 2 . ..
4
COMPUTATION OF EXPECTED VALUE
Estimated Proba- Expected
Forecast Cost bility Value

- Best Estimate $+0,000 ol . $16,000
Next Best 60,000 R © 24,000 .
g
Least Best 85,000 2 17,000 .

1.0 $57,000

21sutherland, op. cit., p. 6.

22samuel A. Schmitt, Measuring Uncertainty (Reading,
Massachusetts: Addison-Wesley Publishing Company, 1969),

pPp. 2-&.

23van Horne, op. cit., p. 71.
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The standard deviation for the diétribution in Table 2 is
approximately $16,640. The value may be used to determine
the probability of a cost less than $50,000.2 This proba-
bility is calculated to be .34...

Thus, prob#bility’may be used as measure of uncer-
éainty. In the classical sense, probability may be applied
when an event gan occur in N ways agd it Nb of these outcomes

have an attribute p then the probability of Nb is equal to:

P(Np)= N -
The procedures that will be used in this study will be gov-
erned¢ by the axioms and theorems of Frisz for the probabil-
Sty oslouing.27 Por axssple, the wulm of the probebilitiss

for mutually exclusive and equally likely alternatives of a

contemplated event must equal one.

Several useful techniques employ the "subjective”

' concept of probability.25 The Bayesian approach is based

primarily on the principle of degree of belief and on the
concept of conditional probabilility. Bayes' formula will be

used to compute posterior probabilities when necessary.

2L’Hﬁe::bert: Arkin and Raymond R. Colton, Tables for
Statisticians (New York: Barnes & Noble, Inc., 1950, p. 119.

25Gerhard Tintner, Methodologz of Mathematical Eco-
ggg%gi and Econometrics (Chicago, Illinois: The University
) cago Press, 1968), p. 57.

261bid., pp. 58-59.
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Risk Preference Theory
Individuals exhibit varying attitudés toward risk.27

An individual has different preferences for a risky versus a
safe investment. Stock prices for a risky busines§ usually
.are lower than those for sound business ventures where the
Ei financial risk is lower. Exceptions exist, for some people
f prefer investments with a high degree of risk and will bid
%' prices up accordingly. Grayson postulates three classes of
| individuals relative to risk preference.28

Risk seekers.--These are individuals who like to
live daringly. They seek high-risk investments, such as
wildcat oil wells. The person is willing to incur losses in
the hope that a big strike will more than compensate for past ° : f

- losses.

Risk averters.--Persons who seek only low or medium

: risk situations generally attempt to avert high-risk environ-

ments. They will buy U.S. savings bonds in lieu of a highly

g it PhaE ahal

speculative mining stock: An assumption will relegate the

- majority of managers to this category.

i3 v
o

Risk ignorers.--These people ignore the existence of

e (2 5 E R e RN A
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risk, hoping that it will go away. For example, a member of

27Ralph 0. Swalm, "Utility Theory-Insights inte Risk
¢ Taki?g “1§arvard Busi Review, November-December, 1966,
b pp. 129-13L.

286rayson, op. cit., pp. 91-92.
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this elite group might be an individual in the days of the
wild west who was willing to face Billy-the-Kid in a high-

nooﬁ shootout. : .
Cardinal utility theory measures an individual's at-
titude toward risk. A group“bf‘iétferieé in sequence is
posed to derive the person's utility function.29 The unit
of measurement is the utile. A utility function for thmee
different individusls has been plotted in Figure 9. Utiles
are on the ordinate axis and dollars on the abscissa. In
terms of the classes listed, A would represent é risk ig-
norer, line B a risk'averter, and line C a risk seeker.
Curve B displays decreas;ng risk aversion.3© This fact means
that the decision maker becomes less con;ervative as his
asset position increases. According to Professor Hunt,
studies of government-contractor personnei reveal them to be
' risk,averters.31 They would, therefore, possess curves which
.résemble curve B. Thus, the utility function is subjective
and personal. No reason g;isfs for expecting one individual's
curve to conform to that of another. For the small bﬁsiness
where one man makes the main deci;ions, a utility function
may be derived. Decision rules can be formulated and author-

ity delegated to subordinates relative to the scope of

29van Horne, op. cit., p. 83.

~ 3070hn S. Hammond, III, "Better Decisions with Pref-
erence Theory," Harvard Business Review, November-December,
1967, p. 138.

31Hunt, op. cit., p. 1.

s

R

) el o b e el b s e e ol UL

Al r e ] PO ’ 4¢- - " -' o ‘ RTToRTTePT » J i "lt:; i

;
-
E




58
decisions which they can make based on the pﬁeferences of the.

respective executive.

Ufiles
1.00

.75

.50

25

0 5
100 200 300 400 R
ot - Dollars

Fig. 9.--Three types of preference curves
Source: John S. Hammond, III, "Better Decisions with Pref-

erence Theory," Harvard Business Review (November-

. December, 1967), p. 138.

Individual'utility theory has its bases in economic
theory and is finding limited acceptance. However, the con-
cepﬁ of a group utility function has not found as many advo-
cates.32 The addition of 1nd{vidual functions in order to
derive a group function does not appear feasible. No common

denominator has been posited. Two approaches have been sug-

gested.33 The usual approach to utility function derivation

32Bierman and Smidt, op. cit., p. 289.
331pid., p. 289.
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is followed. Instead of an individual giving the answers,

~an entire group responds to the lottery. Secondly, after a
series of decisions have been made, the profile of the de-
cision process is constructed and used to.prepare a group

utility function.

Cost Factors

The reduction and resolution of uncertainty over time
can be expénsive. The type of information system which will
provide the highest quality data is the automated system.
In practice, the semiautomated data system prevails. A cen-
tral computer will direct the program to obtain data at peri-
) qdic intervals. These data will reflect the status of a con-
tractual program. |

Two basic costs are apparent. The cost of acquiring

the data with updates'throughcut the life of the system, and

the initial cost of the hardware and its periodic maintenance.

The situation may be 1ik9ned to the model which displays the
econcanic-order-quantity relationship for inventories. (See
Figure 10). Curve A représents the increasing costs for
more elaborate systems to obtaih informational feedback.
Curve B is the cost of acquiring and updating information
for a range of systems. This cost decreases over size, since
the larger systems are more automated, and therefore, give a
lower unit cost based on higher efficiency. The totallcosts
are finally reflected by curve C. At point X the lowest
point on C and the intersection.of A and B the lowest cost

| 4
i 3
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system is determined. This point holds true only for the

specific combination of variables under consideration. In-
formation which cannot be used is not to be collec#ed. When -
timely decisions are crucial, toq mich ;nfonmation can be
detrimental. A saturation sitwmation occurs. Time does.not
perﬁit thorough analysis; consequently, hasty decisions are
made‘or decisioné are delayed. 1In a sense the decision- .
making process causes oscillations in the immediate activ-
ities of the organization. These oscillations are an organic
type of instability. According to D. K. Stanley-Jones, sta-
bility in the sense of biological organisms is that of an
oscillating, dynamic system.3u In effect, the manager

should receive only as much data as he can use.

Costs

Amount of Information

ey n o
ER MRS R e e

Fig. 10.--The optimal size information system

3""D. K. Stanley-Jones, The Kybernetics of Natural
Systems (New York: Pergamon Press, 1960), p. 130.
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The stabiiity of the total feedback system is de-
pendent on maintaining a balance between the.amount of in-
formation in the system and the cost of maintaining its in-
tegrity. Another way of expressing the cost is in'terms of
the last increment for a given time period. The additional
information possesses utility or it is not acquired. The
marginal value received from the increment must be greater
than, or equal to, the marginal cost of the data. For ex-
ample, in warehouse location theory studies have shown that
with 25 warehouses delivery service can be made to 90 per-
cent of the market in one day.35 Fifty warehouses give 96
percent coverage in one day and with 100 warehoﬁses, 99 per-
cent of the market can be covered in on; day. According to
distributibn cost analysis, the optimal number of warehouses
is 25. Seventy-five warehouses need to be added to obtain
an increase of only 9 percent fifét-day coverage. Thus, the
marginal value is less than the marginal cost. This type of
cost is of the fixed variety which will be continuous once
the capability is install;d.36 Thus, past some optimal point
increments of information possess diminishing marginal util-
ity. The uncertainty relative to a decision may be reduced
by using techniques to better delineate the project and to
provide information for a better decision. Control systems

must be developed to monitor progress and to report

35constantin, op. cit., pp. 401-405.

36Hardy, op. cit., pp. 8-18.




- e Shiate LAl o b b, U I 0 L NSRS i o5 e . S AR T A K =

62

‘deviations in a timely manner. The uncerta;nty cannot be

completely eliminated. However, it can be reduced. The
question is how much time and resources are the pe#tinent
parties willing.to,pay;fpr this.uncertaingy reduction.37 As
startling'as it may seem, a cost growth for a specific con-
tract may be less costly than the actions which would ha#e
to be taken to preclude its occurrence. This Chapter has
abstracted from the government contractual environment. The
treatment of risk in goverhment contracts in conjunction

with incentives will be the subject of the next Chapter.

37DiBona, op. alt.; p. 8.

.
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CHAPTER V1~
AN OVERVIEW OF CONTRACTUAL INCENTIVES

The military services have attempted to cope with

bl g s

uncertainty by the use of incentives and contractual ar-

rangements. Degree of risk bearing by contractors has been
a key determinant of the profit allowed on a ﬁarticulaf con-
tract. Theoraetically, the more uncertainty borne by the
contractor, the larger the profit permi;ted. A study by
Seagle, though not conclusive, casts some dqubt.as to whether
lérge prbfits do entice contractors to accept an extremely

high degree of uncertainty.!

Seagle's findings seem to in-
dicate that contractor negotiators are r;sk averters. They
are willing to accept a lower profit with a greater sharing
of the risk between the two parties. The sharing of risk be-
tween the government and the contracter is reflected by the

type of contract used to support developmental programs.

17ohn P. Seagle, A Method for the Study of Risk t
Aversion from Incentive Contract Negotiations EBuffalo, New
York: State University of New York, October, 1968), pp. 10-
17. . :
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Tzé es of Contracts
The negotiations between the parties will eventually

result in a contract to confirm the agreements which have
been reached. The contract types available for this purpose
range from the ﬁm-ﬁxed-price to the cost-plus-fixed-fee
contract.Z These two contract type‘..s represent the extremes
of the contractual spectrum. Between the two poles .a.'re a
variety of con.tract types that exhif:it features of both.
Each will be examined relative to four characteristics:

(1) degree of risk-sharing, (2) profit opportunity, (3) cost

estimate realism, and (4) control. This comparison is made
ih Table 3. The ':ments in the. Table are advantages and
disadvantagés from the perspective of tixe contractor.d The
contract-types are divided into two groups: (1) fixed price,
and (2) cost reimbursement.® Contractual instruments, such

~ as time and materials contracts, letter contracts, basic
agreements, -and call procurement ai'rangements, though some-
times used in research and developﬁent, fall outside the pur-
view of this study.s

2prt, op. cit., p. 91.

3prake, op. cit., pp. 132-13%.

l'St:elcler, op. cit., pp. 78-84.

7.8 s Department of the Air Force, Air University,

Extension Course Institute, Contract Congiderations, Vol. 3,
Course 6500, Procurement Officer (Amarillo Air Force Base,
Texas: Air Training Command, 1 April 1971), pp. 6-8.
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The descriptive terms in Table 3 use the FFP con-
tract as a frame of reference. The firm-fixed-price (FFP),
fixed-price-redeterminable (FPR), fixéd-price-incentive-fee
- (FPIF), cost reimbursement (CR); cost-plus-incentive-fee
(CPIF), and the cost-plus-fixed-fee (CPFF) contracts will be
considered i;'greater detail.

Firm-fixed-price contract.--The FFP contract is the
most primitive of the contract typqs.6 A specific good or

service is purchased for a fixed price. The negotiated price
is a ceiling. Price is not to be adjusted. The price ceiling
precludes this measure. This type of contract is suited for
those cases where exact and firm'specifications exist. Often
in development the item purchased is a goal and not an ob-
ject.7 The resqarch and development program profile contains
both exogenous and endogenous unqertainties. The FFP con-

" tract makes little provision for the possible uncertainties .
from the standpoint of the contractor. The contractor risk
is at a maximum. Accordingly, the potential for profit i.
high; The contractor, therefore, has a stimulus to exerc.se
cost control. 1In generél, regulations requirelfhat the F7P

contract will be used unless another contract type is more

: 6Department of Defense, Proceedings of the 1%62 DD~
%;gg_zzggggggggﬁ Pricing Cog£e§e§ce Hershey, Pennsylvani: :
overnment Print

ting Office, 1967), p. 98.
7M' sy P- 98.
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é.ppropriate.8 - In the past, public policy has preferred this
cpntraet.9 Specifically, the FFP contract is mainly appro-
priate where performance has been demonstrated and cost un-
certainties are deemed to be almost nonexistegt.1o‘ (See
Figure 11.) The sharing arrangement governs the method
ﬁhereby the government and contractors agree to share costs.
For example, under the FFP contract the ratio is 0/100 which
means that the'contractor bears 100 percent of the difference
between actual and estimated cost; the government defrays
none. The inverse relationship'between profit and cost is
shown in Figure 11. In the case of zero profit, a cost of
$220 is experienced. If a price of $220 was initially ne-
gotiated for the contract, this amount would include costs

of $210 énd profit of $10. However, a cost growth of $10 has

occurred under the contract. The cost growth has essentially

consumed the contractor's profit of'$16. Under the FFP con-

tract the'goverﬁment does not share the cost growth.

Fixed-price-redeterminsble contract.--The FPR con-
trﬁct is seldom utilized by the government. Some individuals

8Stekler, op. ¢cit., p. 78.

Logistics Management Institute, Briefings on De-
ense Procurement Policy and Weapon Systems Acgquisition
ggggingto&, D.C.: Logistics Management Institute, December,
1 s P *. " ‘

10pepartment of Defense/National Aeronautics and
Space Administration, Incentive Contracting Guide (Washing-
ton, D,C.: . Government Printing Office, October, 1969), p. 5.

e
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Fig. 11.--Sharing arrangement for FFP contract
Source: Department of Defense/National Aeronautics and Space
Administration, Incentive Contracting Guide
(Washington, D.C.: Government Printing Office,
October, 1969), p. 23.
have charged that it represents a form of the cost-plus-a-
percentage-of-cost contract which is illegal under the terms
of the Armed Services Procurement Regulations (ASPR).11  The
claim is that since the contract is subject to redetermina-

tion at periodic intervals the contractor is encouraged to

incur unnecessary costs. The validity of such a charge for

11Stekler, op. cit., p. 80.
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- a given contract would seemingly depend on the adequacy of

cost visibility and control. Under this arrangement the
contractor and the government share the program uncertain-

ties. This contract type is not used often. |

Fixed-price-incentive-fee contract.--The FPIF con-
tract with firm target is comprised of the target cost,

target profit, target price; share arrangement, and price
ceiling. Assuming that the terms listed in Table 4 are ne-
gotiated, a hypothetical situation may be examined.

TABLE 4
TERMS FOR A FPIF CONTRACT
'S Negotiated

Contract Components Terms
Target Cost . . . . . . . . $100,000
Target Profit . . . ¢ « « & 10,000
Target Price. . . . . . . « 110,000
Price Ceiling . . . . . . . 120,000
Share Arrangement . . . . . 50/50

In the event of a cost growth, the contract price will not

exceed $120,000. Assuming a cost growth of $40,000, the
government will share 50 percent of the‘cost increase. The
target cost of $100,000 plus the government's share of the

cost growth will bring the total program cost to $120,000

which represents the price ceiling on the contract. The

purpose of this contract is to provide the contractor with
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an incentive for reduciﬁg costs. The cost reductions are
shared and the contractor's share is added tb his profit.
The contractor’s risk under this contract is less #han under
the FFP and FPR types. The FPIF contract is profiled in

Figure 12.

Profit
Dollars
 ;1* Share Line
&———Target
' 4——'—-0/100 Share Line
0
‘Price Ceilj_ng-/ \\\
Loss ' | Cost Dollars

Fig. 12.--Sharing arrangement FPIF contract

Source: Department of Defense’/National Aeronautics and Space

Administration, Incentive Contracting Guide
(Washington, D.C.: Government Printing Office,
(October, 1969), p. 2.

Cost reimbursement.--This contract type is suitable
for those instances where the work is not sufficiently de-
fined. Research conducted by educational and other non-
profit institutions is usually supported by means of the

cost contract. An estimated cost is negotiated. The cost

is tentative as a consequence of the vague work statement.




The final cos% may be higher or lower than the negotiated
cost. - The contractor is required by contractual provision
to give the government advance notice should a cost growth
be anticipated. The terms of the contract are verfr similar
to the terms of the CPFF contract except that all references

to a fee are inapplicable.12

Cost-plus-incentive-fee contract.--This type of con-
tract is very similar to the CR type except that a fee is
permitted. Comsequently, CPIF contracts are used to support
programs with commercial firms. The main features are a
target cost, target fee, maximum fee, minimum fee, and the
share ratioc. -The cost uncertainties are such that a FFP con-
tract is not appropriate, but are not so great as to justify
the use of a CPFF contract.!'3 Three features distinguish

™ First, the CPIF

the CPIF contract from the FPIF contract.
contract has no price ceiling. Allowable costs for a pro-
gram are govermed by the ASPR, Section XV. Finally, under
the CPIF contract the maximum fee permitted is fixed by the
ASPR. The situation for the CPIF contract is illustrated by
Figure 13. Profit in Figure 13 is at a maximum value to

point A. If costs increase beyond this position, then profit

120’.8-, Department of the Air Force, Air Force Sys-

tems Cammand, Air Force Research and Development Contractin
Officer's Hand‘book AFSCP 70-2 (Washington, D.C.: Andrews
Air Force Base, 30 ’ June 1967), p. 4-k.

"31ncentive Contractin Guide, op. cit., p. 33.

5 Mrped., p. 33.
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decreases until point B, where it levels out. Therefore,

incfeased costs penalize profit potential.

Profit
Dollars
A
«<@—Target :
100/0 B
Share Linee——p
0

Loss Cost Dollars

Fig. 13.--Sharing arrangement for CPIF contract
SOurce. Department of Defense/National Aeronautics and Space

Administration, Incentive Contracting Guide

(Washington, D.C.: Government Printing Office,
October, 19&9), p. 34%.

Cost-plus-a-fixed-fee contract.--The CPFF contract
is designed for use in research, exploratory development,
and advanced development. In these areas of the spectrum,
the level of contract effort is often unknown. A fee is al-
lowed to compensate the contractor for the risks borne.

However, fee is generally lower than the one permitted under

the other types of contracts. This situation accrues from
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the fact that the share ratio for the CPFF contract is
100/0. (See Figure 14.)

Profit
Dollars , : o s
100/0 Share Line.‘
@
E;timated Cost—-—t
0
Loss : ; Cost Dollars

Fig. 14.--Sharing arrangement for CPFF contract

- Source: Department of Defense/National Aeronautics and Space

Administration, Incentive Contracting Guide
(Washingtoné D.C.: Government Printing Office,
9

October, 1969), p. 38..

Fixed cost contract (FCC).--The FCC contract has
béen used on a limited basis. The contractual format is a
mixture of the FFP and CR contracts.15 The idea is to con-
tract on a fixed-price basis for those cost elements which

are relatively certain and to use cost reimbursement

"Thalas E. Bahan, "Fixed Cost Contracts," NCMA News
: Vol. No. 1, 1968-1969-1970 (Inglewood,
4 a: cnal Contract Management Association, June,
.. 9. 0,




provisions for the uncertain elements. An estimated cost
is negotiated. After the period of performance is completed,

the cost reimbursement provisions are audited and a final

~price is determined.

Cost-plus-award-fee contract (CPAF).--The contract
fits into the contractual spectrum. between the CPFF and CPIF

contract. DOD and NASA have used this type'since 1962.16
The kéy requirement is to determine the fee which will be
paid at specific intervals. The fee awarded is based on the
quality of the contractor's work. The determination is sub-
jective and can be appealed by the contractor. The CPAF
contract components are a base fée, a maximum fee, provision
for a variable award fee, estimated cost, and a fee payment

plan.

Profit Considerations

In a free-enterprise economy, profit maximization is
considered to be the goal of the individual firm. Profit is
a payment to a factor of production and represents a reward
for risk taking. This facet of profit is germane to govern-
ment contracting. Above average risk taking must be rewarded
by above average profits. The relationship is a direct one.
The profit motive is then the primary incentive for stimu-
lating contractors to exercise cost control.

For a FFP contract, profit is computed as follows:

161ncentive Contracting Guide, op. cit., p. 245.
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MarP=cy
whereTTA stands for actual profits, P for contract price,
and C, for actual contract costs. The relationship between
costs and profit is an inverse one. If CA.ié reduced to a
lower level, then profits will increase. If costs go out of .
control, profit may be eliminated. A loss will be experi-
enced if Cp is greater than P.

The situation for incentive contracts is more com-
plex. The objective is to motivate the contractor to reduce

costs by allowing him to share the actual savings. The con-

tractor's share of the savings is added to profit. An in-

centive contract model illustrates thede relationships:

i o o=
Ny =Ny + b (Cp - Cp)
- : = i
where |), stands for actual profits, Vo for target profits,
CT for target costs, Cp for actual costs, and b is the con-
tractor's share of the savings.17 If no savings are experi- :

enced, the last expression becomes zero, and actual profit

1s equal to target profit. Should actual costs exceed target

costs then the formula indicates a reduction of profit. Let
E=2Cp -Cy

then, when Cp) Cp, E is positive and if Cy»Cr then E is
negative. For the situation where Cy ) Cr:

Frederick T. Moore, "Incentive Contracts," in De-
fense Management, ed. by Stephen Enke (Englewood Cliffs, New
Jersey: Prentice-Hall, Inc., 1967), p. 216.




Ny=MNr-E
From this formulation, it would seem that profits can only
;. be increased by minimizing contract cost.
E  gt s One factpr-;nfluencing the size of realized profit,
if costs are controlled, is b, the sharing ratio.!® In his

study, Fisher assumes that the éharing ratio provides a meas-
| ure of financial risk. As pointed out in Table 3, incentive

i

contracts require the contractor to bear a larger degree of

S risk than would be necessary ﬁnder a CPFF contract. How-

ever, with a high profit reward for cost control, the ex-
pectation is that incentive contracts might give a high per-

centage of underruns. Fisher's étudy revealed that CPFF con-

tracts had-an average contract cost growth rate of 17.8 per-
cent, while all but one group of incentive contracts re-

flected underruns. An average underrun of 3.6 percent was

" computed for contracts with sharing rates between 0.15 and
0.25. He questions the validity of the data since sole-
source contractors can inflate target costs, creating a bias

toward underruns. This bias results from the absence of

competition. Essentially, no way exists to distinguish be-
tween the "bias effect” and the "incentive effect."'?

18Irving N. Fisher, Cost Incentives and Contract
Qutcomes: An Empirical Analysis (Santa Monica, California:
The RAND Corporation, September, 1966), p. 29.

191pid., p. 35.
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g Profit Methodology
For a FFP contract, profit has been defined as the

difference between price and actual costs. Thus, Qfofit is

a residual, and from an accounting reference point, this
;tatement is adequate. However, for efficient’resoﬁrce uti-
lization alternate uses must be at least acknowledged. The
firm must prodﬁcé those goods which maximize profits.
Highly-dispersed profit distributions in an industry reflect
the high level of risk present.20 In a study by Cootner and
Holland, the hypothesis of a positive association between
business risk and rate of return was tested.?! A linear
model was déveloped, using data from 39 industries for the
entire postwar period through 1960. Th;y found that a one
percent increase in dispersion was coupled with an approxi-
mately one percent increase in average industry rate of re-
turn. Also, 30 percent of the variability of the industry
rate of return was explained by the variation of individual
firm rates of feturn” This variability of returns emphasizes
the probability that loss;s, as well as profits, can occur.
Should firms consistently take high risks and not be rewarded,
then they will either exit the industry or go out of business.

20Gordon R. Conrad and Irving H. Plotkin, "Risk/
Return: U.S. Industry Pattern," Harvard Business Review,
March-April, 1968, p. 91.

21paul H. Cootner and Daniel M. Holland, "Rate of
Return and Business Risk," The Bell Journal of Economics and

Management Science (Fall, 1970), pp. 214-217.
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Numerous departures could result in a detrimental loss of
productive capacity in individual technical.areas.

. The sole-source procurement abstracts fromtthe com-
petitive environment. Price for a contract is a negqtiated
variable which, when permissible, will ‘include a profit.

The ASPR for years required profit to be a subjective aggre-'
gation based 6n a cursory eva%uation of the effect of coﬁ-
petition, the degree of contractor risk, thé complexity of

the work contemplated, the extent of government cost as-

~sistance, the contractor's past performance record, and the

soundness of the individuai cost estimates thét were pro-
posed.22 A disparity developed between the theory and the
working-level application of the instru;tions. As a result,
profit is often historical in nature computed as a pércente

age of estimated contract costs.

Profit objecti&es.~-For Fhe government the profit
policy objective is to provide the contractor with an opbor-
tunity to eafn a fair and reasonable profit.23 Fair and
reasonable has meaning only within the framework of the en-
vironmental factors which exist for a given procurement. In
the bilateral monopoly market arrangément, the exact price

resulting from negotiations cannot be determined in advance.24

22pir Force Research and Development Contracting Of-

ficgrg' Handbook, op. cit., pp. 4-26. : :
23Incentive Contractin Guide, op. cit., p. 59.
24gibdon, op. cit., pp. 267-269.
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The price will be predicated on the skill and power of the

participants and is indeterminant within certain limits.
Profit for a develoPmental contract cannot reasonably be ex-
pected to conform to an average figure. The final figure
must be based on an analysis of the unique combination of
factors for the program being negotiated.

Weighted guidelines.29--To enhance the attainment of
the fair and reasonable goal a weighted-guidelines method
for determining profit is used. The procedure is a fairly
mechanical algorithm which is used to establish a profit
goal. The application of some judgment is required. Fac-
tors, such as contractor's input to total performance, as-
sumption of uncertainty, and previous performance are in-
cluded.26 The final negotiated amount may differ consider-
ably from the goal, as agreement on the underlying analytical
details of applying the weighted guidelines is not manda-
tory.?7 '

Profit Patterns
Assuming risk aversion on the part of the defense
firm, the number willing to enter into a highly risky

25 esearch d Development Contract of -
S ' o] ] QE. gito, ppo -27o
26

Stuart J. Evans, Harold J. Margulisé and Harry B.
r

Yoshpe, Procurement (Washington, D.C.: Industrial College
of the Armed Forces, 1968), p. 118.

; 27A;r Force Research and Development Contracting Of-
;ige;g' Hg}dbOOk, OQ. Cito’ ppo "27‘

SRR
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industry would be sma11.28 Those that reqund would do so
in anticipation of being rewarded with a high rate of return.
Controversy has existed over the actual level and

~ trend of profits for defense contractors. The Logistics
Management Institute (LMI) in a study released in 1970 re-
ported that the contractors' average pre-tax profits were
12.8 percent for defense work, 19.5 percent for nondefense
durable-goods manufacturers, and 16.3 percent for commercial
work by defense contractors.2? The base for these percent-
ages was total sales. The report by LMI stated that over a
ten-year period defense profits had consistently ranged below
those of commercial durable-goods conpaeioc. Critics of this
.study insisted the results were unaudited and biased by the
industry sample. A study by the General Accounting O0ffice
(GAO) indicated profit averaged 6.5 percent measured as a
percentage of sales, 28.3 percent as a return on total cap-
" ital investment, and 56.1 percent as a return on equity cap-
1ta1.39 Tme period covered by the GAO study was 1966 through
1969. A broader sampling by GAO cited the percentages as
ranging from 3.9 to 5.4 percent on sales, 10.2 to 14.7 on
total capital invested, and 19.8 to 28.4 percent on equity
capital investment. On the basis of profits as a porcinta‘o

aaﬂlrdy, op. cit., p. 40.

29"Fuel for the Fires on Defense Profits," Business
Week, April 11, 1970, p. 30. ;

30nThe Profit Puzzle in Procurement," Business Week,
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of sales, adjusted for methodology, the GAO.results do not
appear to differ significantly from the LMI findings.31 Re-
duced profits by defense firms have led to a flight of capi-
tal from the industry.32 The significant factor is con-
gidorod to be a government policy of shifting risk from the :
government to the industry without commensurate increases
in negotiated profits. Accorging to press releases during
June, 1971, the profit rate on defense contracts is expected
to increase.3>

Erofit Repsgotiation™
The purpose of this process is to eliminate "ex-
cessive profits." The Renegotiation Act is administered
based on the contractor's profits for an entire fiscal year
and not on an individual contract basis. The Act is en-
forced by the Renegotiation Board. The reviews are appli-
cable, if a contractor signs a contract subject to renego-

tiation, and his total business activity is in excess of one

311pid., pp. W45,
32p, trowbridge Vom Baur, "Shifting the Risk to Gov-
ernment Contractors and the Flight of Capital," E?HL.N%!&
Vol. No. 1, 1968-1969-1970 iIng ewoo
ornia: Na 1onal Contract Management Association, 5uno,
1970), p. 23.

33mpetense Profits to Rise," The Norman (Okla.)
Iranseript, June 1, 1971, p. 3. :

3“U.S., Department of the Air Force, Headquarters,
U.S8. Air Force, ement Law, AFM 110-9 (Washington

D.C.: Special Activities Group, Office of the Judge A&vocate
General, USAF, 31 December 19703 8

s Pp. 8-17 to 8-18.
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million dollars. The process is subjective and the decision
of the Renegotiation Board is based on an evaluation of the

facts surrounding each case.
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CHAPTER VII

THE COST GROWTH PROBLEM

The current term for ; cost overrun is the one which
has been used in this study, namely, cost growth. The dif-
ference in terms is related to tihing and control.! A cost
overrun implies that contract funds have been éxpended, and
‘therefore, the program did go out of control. From a tech-
nical frame of reference, cost growth cévers this case, as
well as thé situation where unanticipated costs are en-
visioned for the future. In the latter case; however, the
costs can be controlled through actions, such as program
modification or curtailment. The term will be used to refer
to those situations where a cost overage has been or will be
experienced. '

Costs for a FFP contract are equal to price minus
profit. The relationshiphbetween program costs and profits
is an inverse one, as pfogram costs increase the profit de-
creases. Technically, a cost growth occurs whén actual cost

is greater than the initial estimate for a program. From

1npefense Digest," Armed Forces Management, January,

8kt
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the government's standpoint a cost growth cannot occur on a
FFP conrract, as the government has agreed to pay a firm-
fixed amount. Thus, the expression has meaning only in the
context of/cost coni'.racts.2 In actual practice, cost growths
occur under various types of contracts, whether or not the
contractor is reimbursed for additional costs.

Another misunderstanding that occurs relative to cost
growths concerns the pertinenﬁ perspective.3 Does a cost
growth relate to one contract or a total weapon system? In-
dividual contracts support the preacquisition phases of re-
search, exploratory development advanced development, and
engineering development. A cost growth in one area may be
balanced against a lower cost in another, so that the total
is less than estimated. Thus, a cost growth may be accept-
able, the touchstone being the total-system'standpoint.

The very nature of scientific exploration tends
toward cost'prediction.errors. The initial eétimetes which
are based on projections into the unknown future are subject

to considerable error.‘)+ This condition accrues as relaced to

°W. E. Zisch, "Overruns Versus Increases in Systems
Scope," Management Conference Seminar 5, Air Force Systems
Command (Monterey California. U.S. Naval Postgraduate
School, 2-5 May 1§62), p. 5-15-1.

3Harvard W. Powell, "Overruns-Cause Effect, and
Cure," M%gagement Conference Seminar 95, Ai ﬁorce Systems
Command Monterey, California: U.S. Naval Postgraduate
School, 2-5 May 1962), p. 5-1k-1.

L"Bur'con H. Klein, "Policy Issues in Military De-

velopment Programs," in Defense, Science, and Public Policy,
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performance, reliability, and cost of a systgm. Also the use

of cost-type contracts contributes to the condition. The

R e

economic penalty for understating costs is nominal; there-
fore, contractors are motivated in this direction to obtain

contracts.’? Once the contract is in existence, then addi-

tional funds are requested.

Cost growths are not the exclusive domain of the DOD.

An early example occurred during the Roman era. In the con-
struction by Rome of an aqueduct for the town of Troas in i
Asia, the historian, Gibbon, observed that the final cost
was more than double the original estimate.6 In the commer-
cial aircraft industry in 1944, the cost of an airplane
scheduled for delivery in 1946 was estimated to be $550,000.
When the aircraft was delivered in 1946, the cost had in- -
creased to $8OO,OOO.7 A cost overrun was incurred in the

~ construction of the Rayburn Annex td the House Office Build-

B T e g T DTS P Y ) T SO, L = Wy ¢ TIRE g ray

ing.8 Not much of the'developméhtal work in the private

ed. by Edwin Mansfield (New York: W. W. Norton and Company,
Inc., 1968), p. 105.

5A. W. Marshall and W. H. Meckling, Predictabilit
of the Costs, Time, and Success of Development (Santa Monica,
California: The RAND Corporation, October 1%, 1959), p. 3.
6pavid Novick, Are Cost Overruns a Military-Industry-
Complex Specialty? (Santa Monica, California: The RAND Cor-

poration, March, 1970), p. 2.

O T
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; 7Charles L. Dearing and Wilfred Owen, National
2 ortation Policy (Washington, D.C.: The Brookings In-
stitution, 1949), p. 204.

8Nbvick, op. cit., p. 3. 3 a
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sector is placed on a cost-plus basis. This fact may ac-
count for the nominal commercial concern with cost growths.9
Also commercial developments‘seldom venture out of the domain
of proven technology. Most programs relate to minor modifi-

cations to existing products.1°

Cost Groﬁth Causation :

The causes of cost growths are best considered in a
dual framework. = (See Figure 8, page 51.) Prenegotiation
planning prior to time ty can structure the over-all con-
tract period, so that a cost grow£h will occur. The second
category of causes is linked to the actions taken during the
production period. The causes cén logitally be divided into
thosg of‘a preactivation and activation nature. Preactiva-
tion refers to the time period between technical and cost
proposal preparation and the time.that the contfact is signed
by botk parties. Activation refers to contract administra-
tion and closure. In Table 5, the causes of cost growths are

listed under these two generi: headings.

IMarshall and Meckling, op. cit., p. 3.
01pid., p. 2.
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TABLE 5 ,
CAUSES OF CONTRACT COST GROWTHS
PREACTIVATION
1. Cost Estimation

2.

a. Cursory cost analysis

b. Lack of competition

¢. Projection and estimating process
d. Contractor underpricing

e. Variabilities in past cost data
Research and Development Specifications

a. Concurrency of research and development

with production
b. Extraneous design requirements
c¢. Faulty technical planning
d. Inadequate task definition
e. Reliability problems
External Environmental Factors
a. Budgetary constraints :
b. Corporate experience threshold
¢. Uncertainty estimation :

Internal Environmental Factors

a. Communication problems
b. Contract type selection
¢c. Risk analysis

~d. The negotiation process
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ACTIVATION
1. Economic Factors

a. Inflation
b. Lack of economic penalty

¢c. Order reductions

- Detailed Manigement Practices

a. Lack of cost control

b. Inadequate control of subcontracts

¢c. Changed reporting requirements

The factors cited in Table 5 will be considered in

sequence.

df Excessive reporting requirements

General Management Practices

a. Changes in defense procure?ent poiicy

b. Lack of contractor corporate organization

c. Late delivery of government-furnished
property ; :

d. Inadequate management controls
e; Program stretch-outs
Technological Considerations

a. Technologicdl obsolescence

b. Engineering changes

¢. Program reduction

Samioy MalpEReiws: 2ot it

s
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Cursory .cost analysis.!!--The volume of work often
precludes an adequate evaluation of a cost proposal. Pricing

personnel with limited experience contribute to this situa-
tion. When the price or cost analysis isAperformed by one
activity for another, copies of negotiation summaries are
often not sent to the pricing organization. Lack of feed~
back prevents a realistic appraisal of pricing practices. '

Lack of competition.!'2--The sole-source nature for
the majority'of research and development procurements re-
moves competition as a cost regulator. .Secretary of Defense
McNamara estimated that sole-source procurements cost at

least twenty-five percent more than competitive ones.13

Projection and estimating grocess.1“--Cost estimation

may be based on actuals from past programs of a similar na-
ture. A percentage of the actual as a base is added to the
old figure.. The new total is the estimate. A better pro-
cedure is to use single or multiple regression analysis to
develop a profile of past.cost data. The regression equation

serves as an aid for the prediction of future costs. The

Mg, s., Department of the Air Force, Air Force Sys-
tems Command, ary of Lessons Learned from Air Force
Management §ggg ys, AFSCP 375-2 ZWashington, D.C.: Andrews
Air Force Basey 1 June 1963), p. 61.

. i
12y1114am W. Kaufmann, The McNamara Strategy (New
York: Harper and Row, Publishers, 1964%), p. 198.

13’.I!he Southwestern Legal Foundation, op. cit., p. 207.
sutherland, op. cit., pp. 13-15.
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assumption is that the future will have the variables inter-

acting in th.e same relationship.

Contractor underpricing.--According to one' estimate,

fifty percent of all cost growths are the result of faulty
original cost estimates.'’ The inaccurate estimates may be
caused by defective engineering design, unexpected technical
changes, incomplete cost data, and by purposely bidding
low.'® The 1latter process is referred to as a "buy in."
Another form of "buy in," also referred to as "cost opti-
mism," is where a contractor bids low in an effort to con-
vince the contracting agency that a program's costs are low
enough to be funded.17 At a later date the firm reveals
that the available funds will be inadequate.

Variabilities in past cost data.18--Past cost data
may show variations in the prices paid for identical items.

This dispersion may result from factors such as inflation,
different lot sizes, and diverse cost bases for separate lo-
calities. Unless these variations are acknowledged, a cost:

growth may be built into the price negotiated for a system

component.

15vDefense Digest," Armed Forces Management,
Jamuary, 1970, p. 17.

16z1sch, op. cit., pp. _5-1 5-1 to 5-15-2.
7stekler, op. cit., p. 165.
18Sutl:v.erland, op. c; ey Do 15.




Concurrency of researcn and develogment with pro-
duction.19--The decision is made to produce a system or com-

ponent before sufficient testing has been undertaken. The
feasibility of production has not been ascertained. The un-
known endogenous variables may cause difficult technical

problems. These problems can increase program costs.

Extraneous design regﬁireménts.--The issue revolves

around a functional design as opposed to an elaborate one.20

A classic example of "gold-plating" involves a comparison of
" two turbine wheels from a nuclear weapon system. Part A was
machined from stainless‘steel at a cost of $175. Part B was
made of plastic at a cost of $2. Each part could do the
necessary job. From the advanced development perspective,
should a prototype incorporate modification to an existing
system, or involve a more comglex system which wiil perform
sdmewhat better? In the latter case the uncertainties are

more pronounced than in the former.

Faulty technical planning.--In evaluating the factors
in the environment which relate to the requirement for more
advanced weapons, a significant variable is overlooked. 1In
other words, the wrong problem is solved. The research, ex-

pleratory deﬁelopment, advanced development, and engineering -

19c1aude Witze, "Challenge to Industry," Air Force
and Space Digest, Jamuary, 1970, p. k.

2°Kgufmann, op. cit., pp. 197-198.

1
1




N
development phases are programuied. . Before the weapon can
be produced in quantity the specific applicaﬁion is obsolete.

Plans must be revamped, and funds reprogrammed.

Inadequate task definition.--This facet refers to
the detailed aspects of the planning for a specific con-

tract'.a1 The work statement is written in vague and general
terms. The contractor interprets the.language and pursues a
certain path of ihquiry. A later analysis may disclose a
divergence. The need is for definitive work statements and
specifications, whenever possible. Confusion may exist in
terms of unrealistic delivery schedules; .The schedules can
be met only by an increase in contract costs. Thus, a

tradeoff is effected between time and cost.

Reliabilitz problems.zz--Reliable péfformance is.thé
goal of most production hardware; At some point a model is
fabricated. Operational conditions are simulated. Latent
problems mayvappearlin testing and are difficult té predict ;
in advance. The process of reliability validation is an em-
pirical one. Experimental equipment components are developed
and operationally tested until a breakdown occurs. The de-
fective part is examined and corrections made. The process

continues until the results are acceptable. If acceptable

21Zisch, op. cit., p. 5-15-1.
22g1ein, op. cit., pp. 9-10.
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performance is not attained, design modifications may have

to be accomplished.

Budgetary constraints.--The planning-programming-
budgeting process allocates funds to the various research
and development organizations. Each one usually receives
less than requested. Wanting to obtain as much coverage as
possible, the activity may furd a program in a limited
manner.23 The contractor performs in anticipa@ion of an
expanded fundiﬁg level. The extra fundé péssibly will not
materialize. Thus a cost growth is incurred.

Corporate experience threshold.--A company with
little or no experience in the defense ;ndustry has a tend- ,
ency -to underestimate the uncertainty in goyernment con-
tracting.zu This fact is reflected in cost estimates and
delivery scﬂ;dules which are overly optimistic. With no
room for slippage, even minor problems can contribuﬁe to a -

~

cost overage.

Uncertainty estimation.--Exogenous uncertainties may
be difficult to anticipate. Similar problems accrue to en-
dogenous ones. During procurement planning, each participant
needs to perform a risk analysis. The'objective is to

23procurement and Finance Council, Risk E;ements in
%overggent Contracting (Washington, D.C.: Aerospace Indus-
2§ies Association of America, Inc., October, 1970), pp. 22-

ZkZisch, op. cit., p. 5-15-3.
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identify external and internal uncertainties. Sometimes firms
intrcduce new products based on experience with a similar
established one. The similarities and differénceé,are
studied. The knowledge is used in introducing the new prod-
gct. An analagous process might be used in development.

., Communication problems.--The lack of adequate feed-
back has hindered decision making on development programs.25
Some program manégers have not delqgated sufficient authority
to subordinates. This combination is mutually perpetuating
and time consuming. .Délays in obtaining information plus
the time required to make a decision contribute to cost in-

creases. 6

Selection of contract txge.--Schere: cites a study
of 171 CPFF contracts that showed an ;verage cost growth of
18 percent.;6 Another- study revealed that two out of three
CPFF contracts ended in a cost growth. CPFF and CR contracts
usually contain a best-efforts clause which permits experi-

mentation as related to program direction and methodology.

‘Also the fixed fee may be a weak incentive for cost control.

The negotiation process.--A practice in the defense
industry has been the inflation of cost estimates. Two det-

rimental effects ensue: (1) No standard amount is added.‘

251bid., p. 5-15-3. 4
268cherer, op. cit., pp. 154-1595.
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Negotiations sometimes reduce proposed program costs too

much. In the bilateral monopoly felationship the contractor

"may be forced to accept unrealistic cost estimates.‘ The im-

pact is to distort the final negotiated cost. . (2) Not all
firms add the cushion to their.estimates. Consequently, an
inexperienced company  could agree to an underestimated con-
tract price. The basic concept behind this inflation of
costs is that large initial demands improve the probability

‘'of negotiation success.27

Inflation.--Increased costs for system components
translate into higher costs for systems. Defense planners
cite inflation as the paramount reason for the increasing
costs o} weapon systems.28 For example, in World War II, an
average fighter plane cost $50,000., as compared with $11.5
million in 1971. (See ?able 6 for other comparisons.) For
a research and development contract negotiated with no pro-~
vision for inflation, actual costs may show a significant

increase. On one Congressional list of 35 major-weapon sys-

. tems with cost growths which totalled $19.9 billion, infla-

tion accounted for $3.1 billion or 15.4% percent of the
total.2?

: : 27Chester L. Karrass, The ?pgotiatigg Game (New York:
The World Publishing Company, 1970), p. 18.

28"The Real Problem--How to Cut Defense Billions,"
U.S. News & World Report, June 21, 1971, p. 32.

29"Defense Digest," d Forces Mana ement,
January, 1970, p. 17.
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TABLE 6

COMPARATIVE COSTS OF WEAPONS SYSTEMS
(Millions of Dollars) F

i
{
§
3
!

Item World War II s 1971
. |
Aircraft Carrier 55.00 750.0 5;
: Bomber 0.50 25.0 |
Destroyer - 6.50 90.0 é
Submarine 5.00 170.0 i
o liie Tank 0.07 : 0.6 .
Source: "The Real Problem-How to Cut Defense Billions," !
U.S. News & World Report (June 21, 1971), p. 32. : !

Lack of an economic genaltx.--é%ekler indicates that

under cost-type contracts, contractors expend, not their own,

but public funds.3° A fixed fee will be paid plus costs.
Should the contractor for research and development control
costs when the firm has idle capacity or should this ca-
pacity be used on the contract? If the facilities'and

personnel are used, then at least some of the charges will g

be reimbursed. Thus, an inducement to incur a cost growth. : !

Further, a cost growth on one or several contracts does not

seem to deter future awards to the delinquent contractor.

Order reductions.--Contractor prices for units often
relate to the quantity produced for one single contract and

30stekler, op. cit., pp. 165-166.




not for the complete inhouse contract load.31 Consequently,
when the procuring agency cancels a portion bf an order, the
unit costs for the remaining items may increase. ;n research
and development contract funding, limitations may cause the
curtailment of a program. If special tooling has been
ordered which can only be used on a particular contract, a

cost overage may develop.

Lack of cost control.--Some manufacturing firms do
not know their transportation costs, yet'beiieve they have
these costs under control.32 This same condition prevails
for some research and development»programs. Costs are not
kept individually for each contract. Cpsts are allocated to
programs rather than being charged, based on recorded
actuals. Essentially, no uniform cost accounting staﬁdards
exist for the defense industry.33 Each firm prepares and

maintains its own system.

Inadequate control of subcontracts.--Excess costs

incurred on subcontracts are passed on to the prime con-

tractor and eventually the government. The prime contractor

has the responsibility of monitoring subcontractor

31"Taking the Defensive on High Arms Costs," Business

Week, December 6, 1969, p. 70.
32constantin, op. cit., pp. W45,

- 33Kenneth M. Jackson, "The Feasibility Study of Uni-
form Cost Accounting Standards," NCMA News Letter Anthology,
Vol. No. 1, 1968-1969-1970 (Inglewood, California: National
Contract Management Association, June, 1970), pp. 61<63.
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berformance. Some of the same problems are germane for sub-
contract cost growths, such as inadequate cost control,
cursory pricé-analysis, 1nexperienced'subcontractoés, and

cost c:pi::Lmism.-‘i‘+

Changed reporting requirements.--Frequent changes in 5
reporting requirements may be disruptive. In some instances, |

contractors delay in making the changes. Significant infor-
mation concerning cost, technical problems, and delivery
schedule deviations, is not received on a timely basis.

Thus, decisions are not made.

Excessive'?eporting reguirements.--Unléss reporting
requirements for a specific contract are coordinated, the

contractér may be faced with duplicate demands. Management
may not be aware of the existence or extent of the duplica-
tion ﬁor its cost.35 Too much information can hinder the

: decision prdcess. This condition results from the inability
of management to identify significant details or trends from
the mass of available data. :

Lack of timely information.--Reporting requirements
may be optimal relative to changes and their magnitude. How-

ever, lacking timeliness, information may be of questionable

value. Many management information systems provide a

34 ary of Lessons Learned from Air Force Man-
agement Surveys, Op. cit., p. 65-

351pid., p. 29.
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complete report every thirty days. By the time these data are
evaluated, five or six weeks will have elapsed. Variations

from cost have occurred which can be hard to control.

Changes in defense procﬁrement policy.--Reporting re-
quirement changes have been mentioned. The key is the re-

‘actién of subordinate activitieé to éuidance from higher

levels of command. For example, the use of CPFF contracts is

classic. In 1959, approximately 40 percent of all procure-
ment dollars were obligated under cost-reimbursement con- |

tracts. By 1969, this percentage had fallen to 22 percent.36 *

This trend created concern in the defense industry. This
reaction seemed to refute two principles gleaned from twenty-
four years of contracting: (1) different programs require

the selection of different contract types, and (2) higher

program risks require the application of a flexible step-by-
step contracting approach.37

Lack of contractor corporate structure.--Some firms
do not have an organizational structure which will permit

timely decisions.38 No one has tﬁe'authority to make de-

cisions without the activation of higher approval echelons.

36L0gistics Management Institute, Briefings on De-
fense Procuremernt Policy and Weapon Systems Acquisition
zWashington, D.C.: Logistics Management Institute, December,
1969), pp. 16-28.

37Edgar E. Ulsamer, "Mastering Technology," Air
Force and Space Digest, September, 1970, p. 81.

38 ary of Lessons Learned from Air Force Man-
agement Surveys, op. cit., p. 75.
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The situation contributes to cost and delive:y deviations.
When problems occur, no one has the authority to take cor-

rective action.

Late delivery of govermment-furnished property.--
Some research and development contracts are predicated on the

use of‘government épecial-test equipment. The provision
allows the placement of the contract at a lower initial cost.
Should the equipment not be available on schedule, this sit-
uation creates costly and time-consuming delays.

Inadequate management controls.--Management control
depends on access by managerial personnel to adequate and
timely feedback information. Insufficient data are as det-

rimental as excessive information. The manager must seek
the balance between;the cost of acquiring and maintaining
informational efficacy, which is optimal.

Program stretch-outs.--Scherer cites five instances
for which shortages of funds led to schedule slippages.>’
When no additional funds were'available, a decision was made
to stretch-out the program, to permit funds to be added at a
later time. Thus, a tradeoff was effected between time and
cost. The passage of time often attenuated the initial

shortage of funds.

ec ogical obsolescence.--This variaplé relates

to exogenous uncertainty. Technological factors lead to

39scherer, op. cit., pp. 59-60.
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éhanges in a weapon's sbphistication level. Such factors
can make a developmental effort obsolete.’+0 .Cancellation of
the program will be more expensive, since sunk cosﬁé are
lost. Program redirection will salvage some past costs.
However, total cosfs will probably increase.

Engineering changes.--These changes relate to endog-
enous uncertainties. Problems develop as a program is being

conducted. Testing can reveal defects, necessitating cor-

rections. A change in design may result from an initial

41

design error. In any event, a change order is processed

which may or may not increase the contract cost.

L 4

Program redirection.-~Once a development program is

in progress, difficulties occur in trying to shift emphasis

or to abandon the basic concept underlying the endeavor.uz

~ Changes generally are evolutionary or explosive in nature.

For research and development programs this latter type is
costly. Progress needs to be gradual and cumulative.
Drastic changes in basic concepts may require redirection or

abandonment.

l"OU.S., Department of the Air Force, Air Force Sys-

tems Command, Management Conference Seminar 1 (Monterey
California: U.S. Naval Postgraduate School, 2-5 May 1962),

p. 1-11-’l+o

l+1Miendel Rivers, "Who is to‘Blame for Cost Over-
runs?" Government Executive, June, 1970, p. 192.

thcherer, op. cit., pp. 25-26.
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CHAPTER VIII
EFFORTS TO CONTROL CCST GROWTHS

Historically, the FFP contract has been deemed most
desirable to procure supplies and services for the govern-
ment. Related to this preference was the emphasis placed on
formal advertising.1 The basis for this public preference is
competition and the moral obligation of'the contractor teo
deliver the goods and services even when costs exceed the
price ceiling. Advertised procurements supported by firm-
fixed price contracts were the rule except during the period

 of a national emergency or exigency.

The post-World-War-II era brought an unbrecedented |
expansion of research and development. The advertised pro-
curement and fixed-price-contract combination did not serve
well as supporting mechanisms for scientific programs. Edu-
cational and nonprofit institutions, as well as some commer-
cial firms, were ill equipped to absorb losses from cost
growths under FFP contracts. The increased emphasis on re-

search and development, the increasing complexity of weapon

1Logistics Management Institute, op. cit., p. 8.
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systems, and the tendency for weapon specialization had a

catalytic impact on the magnitude of the problem. ‘A repre-
sentative sampling of the attempts to cope with this problem
will be examined briefly. Also the effectiveness of the
measures will be aésesséd. The measures to control cost
growths will be considered under three headings: preacti-

vation, activation, and environmental patterns.

Preactivation
The decision to include a measure under a particular
heading is somewhat arbitrary. The classes are interlinked
and overlap. Each one was developed tb stimulate activity
for the minimization of cost groﬁths. The primary device to
control costs has been contract type. Prior to 1950, the
FFP contract was the dominant one used. Emphasis then

shifted to the use of cost-reimbursement contracts. On a

i procurement-dollar basis, 13 percent of the contracts were

cost reimbursement in fiscal year 1951. This percentage had
increased to 43 by fiscal year 1960. Reaction against coét
gfawths under cost-reimbursement contracts caused the pro-
portion to decline to 21 percent by fiscal year 1966. A
policy was initiated in 1961 to encourage the use of incen-
tive contracts. On the basis of contract awards, incentive
contracts were 18.5 percent of the total in 1959, but had
increased to 27.8 percent by fiscal year 1965.2 The

2Fisher, op. cit., p. 3.
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fixed-price-incentive contract became the vehicle for pro-
curing highly advanced systems.3
The "Should Cost" concept was édopted by the U.S.

RN

Navy. The goal is the evaluation of a contractor's total
production 6peration.k
to sole-source contractors. The condition for application
of "Should Cost" is when a contractor has ceased to be an
efficient producer. The program contemplates a thorough
investigation of a contractor's operation to identify inef-
ficiencies and then appropriate corrective action. The
process reveals what costs ought to be, if the firm was an
efficient producer. In one study the U.S. Army reduced a
sole-source brocurement with Raytheon by seventeen million
dollars.’ The technique is relatively new and has not been
used extensively. ~

In terms of design policy, fhe functional approach
is now being emphasized. Weapon systems will be designed

for minimum necessary performance.6

This change is directed
toward "gold-plated" contracts.
Contractual provisions have been used for control

purposes. Cost-reimbursement contracts have been

3Drake, op. cit., p. 121.

l"'lnsn :
ould-Cost' Is the New Weapons Test," Business
Week, May 30, 1970, p. 48. :

S1bid.

"Should Cost"™ is particularly suited

e bacdt
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incorporating a "Limitation of Cost" clausef The clause re-
quires the comntractor to notify the contracting officer when
actual cost expenditures and commitments reach eighty-five
percent of the estimated cost under the ccntnact.7 The con-
tractor incurs costs beyond the original estimate at his own
risk and expense. ' '

An efforf to stimulate competition in defense con-
tracting was initiated by Secretary of Defense,ARobert
McNamara. -Increased competition was wanted to reduce costs
and to keep them at a low level. In fiscal year 1961, 32.9
percent of procurement dollars were placed competitively.8
In fiscal year 1969, the figure was 40 ?ercent.9

Multi-year prqcurements were conceived with the goal.
~ of stimulating competition. A contract for one year often
required contractors to purchase special-test equipment. A
one-year'amortization base precluded many contractors from
taking part in the weapons acquisition process.. This factor
contributed to the prepo@derance of sole-source procurements.
The multi-year procurement mechanism incorporated require-
ments into a program which spanned several years. Contrac-

tors could amortize initial costs over a longer period of

7The Southwestern Legal Foundation, Government Con-
igggtg S&d Prgcgﬁemegt (New York: Ccmmerce Clearing House,
c.’ 1 3 ’ p. 00 3

81bid., pp. 206-207.

29 9Logist1cs Management Institute, op. cit., pp. 26-
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time. One-year contracts encountered uncertainty as related
to extension of the program. Budgetary uncertainty was re-
duced by the multi-year procedure. The uncertainties which
adhere to the‘cost estimation process, however, are increased
with a longer projection period.1° Also the possibility of
program cancellapion.is enhanced. |
Another effort to :educe sole-source procurements
was the establishment of formal source-selection pro- j
1

cedures. A point system was structured to remove subjec-

tivity from the source-selection process. The effort was

directed mainly at major full-scale development and large
production endeavors. However, when more than one source is

available, the methodology can be used in all four of the

Component breakout relates to efforts to increase
commercial participation in weapons deveIOpment and produc-
tion. Instead of‘contracting for a major sysfem or sﬁbéystem
as an entity, the progra@ is partitioned. Competition is
stimulated and the defense-industry base is broadened. Firms
are stimulated to specialize and practice market segmenta-
tion. However, this process increases production dependency

and its innate uncertainties.

10procurement and Finance Council, Risk Elements in
%g*g:gngnt Contracting (Washington, D.C.: Aerospace lndus-
ries Association of America, Inc., October, 1970), p. 8.

11Lo¢istics Management Institute, op. cit., p. 21.
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Two-step formal advertising ﬁas an attempt to.inject
negotiation characteristics into the advertising method. 1Its

purpose was to promote the competitive element in contract

- awards.’? 1n effect, the procedures combine the steps of

both negotiation and formal advertising. The first sequen-
tial step involves technical competition in response to a

request-for-proposal. The second step promotes price compe-

tition through the invitation-to-bid process. A study con-
ducted by the Air Force Eastern Test Range revealed that 2.7
bidders participated in the award of 31 contracts.13 Thus,
competition was enhénced. Unfortunately, effectiveness of

cost control under the arrangement was not investigated.

Activation
In the activation .category the administration of the
contract is effected. Emphasis is placed on techniques to

‘facilitate the management process. Production at the lowest

possible cost commensurate with reliable quality must be the
stated goal of the defense industry. In attaining these ob-
Jectives the emphasis is on the activities of both govern-
mental and industrial managers to exercise effective sur-

veillance and control..

'27ames Strieringer, "An Introduction to Two-Step

Formal Advertising," NCMA News Letter Anthology, Vol. No. 1,
1968-1969-1970 (Inglewood, California: National Contract
Management Association, June, 1970), p. 47.

131bid., p. 48.
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being requi‘red.16

 are made without considering the impact on cost.17 Efforts

" placed on the program. This limit may require a technical '

In the past, a program manager has been assigned to
major weapon systems. This position has included the respon-
sibility to manage all aspects of the system being ﬁeveloped,'
but not the authority to accomplish the contemplated_goals.1h

A program manager needs experience, good judgment, stamina,

and leadership capabilities.15' Lack of authority to demon-

strate these quaiities has led to an absence of effective
program control. An awareness of the situation has stimu-
lated the top defense planners to delegate more authority to
program managers. For example, on the B-1 bomber program, a
recent decision was made to reduce program costs by elim-
inating some experimental testing. The decision was made by

the program manager without a series of subsequent reviews

Design changes have contributed to cost growths on

development programs. Many changes to a system or‘subsystem

to curb this activity require technical changes to be priced
and written into the contract. Also a fixed-cost ceiling is

NG T Al i s s e s S A b5

1"""Pro';lect Bosses Get More Power," Business Week,
March 20, 1971, p. 96.

15I.a.'v.u'ence A. Skantze, "The Art of the Program Man-
ager," Alr Force and Space Digest, November, 1969, p. 81.

16"Pro.‘ject Bosses Get More Power," Business Week,
March 20, 1971, p. 101.
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change to be effected by means of a tradeoff. For example,
fewer units can be purchased or increased costs can take
place only if costs are curtailed in another area. : . . ?
An approach with a_definite goal of caost re@uction : ?
through design.éhanges.was.the Value Engineering Program. 1 é
The goal is to motivate the contractor to propose cost- ' :
reducing design changes. The efficacy of the program has | ;
been diminished by sporadic and resistant administration. :;

The people who evaluate the proposed changes are the origihal
designers. To change seems to be an admission that the de-

. signer was wrong in the first instance. The full potential é
of the program has not been realized.Ta. In response to the :
éost-growth problém, mapnagement information systems have pro- ' E
liferated.'? The objective was to obtain improved cost visi-
'bility and control. However, the requirements imposed on
contractors are;costly'and complex. For example, the Cost/
Schedule Contrél Systems Criteria (C/SCSC) has created greater
risks and costs. These burdens include excessive paper docu-
mentation in response to a request-for-proposal, varying in-

terpretations of system requirements, and voluminous data

demands. Instead of improved communication, the system has
created confusion. Additionally, an effective coordination

system does not exist. Contractors face an array of

1'8R:l§1c Elements in Government Contracting, op. cit.,

191pi4., pp. W-46.
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information system demands imposed by numerous governmental
: agencies .20 ’ T
Goverﬁmental action was ﬁaken to improve thé finan-
cial status of contractors during the.productioh period. The
goal was to augment working capital. Financial assistance
took the form of larger progress payments, expedited payménts,
and government loan assistancq,21 ' '
Finally, efforts have been expended to rate con-
tractor pepformance. A'rating system has been used for re-
search and development contractors.?2 In general, these at-
tempts have placgd emphasis on technical performance. Little
or no concern has been directed to the‘gost-growth problem.

- The occurrence of a cost-growth did not appear to be a de-

terminant as related to subsequent awards.

Environmental Patterns
Both preactivafion and activation variables dealt
with the cosﬁ-growth problem on a functional or procedural
basis. The endeavors in this section relate mainly to con-

tractual philosophy.

20G, N. Virgil, "Is There a Proper Way to Control
Government Reports?" NCMA News Letter Anthology, Vol. No. 1,
1968-1969-1970 (Inglewood, California: National Contract
Management Association, June, 1970), p. 78.

21Losistics Management Institute, op. cit., p. 23.
220.8., Department of the Air Force, Air Force Sys-
tems Command, Air Force %apg;atogz Procurement Management,
AFSCP 70-3 (Washington, D.C.: Andrews Air Force Base,
30 June 1967), pp. 5-18 to 5-19. , v
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.making'to the weapons acquisition process.23 The military | 3

~ cate weapon systéms.zu The phrase, "commonality," meant | |

of the program manager's role. -

" The goal was to remove as much uncertainty as possible from

112 i
The early 1960's brought centraliza;ion of degision i .

services were separately organized but administered by the
Secretary of Defense. The objective was to eliminate dupli- ]

that one system would be developed for all military depart-

ments. : . ‘ '
By 1969, decentralization was being effected.2?

Most -of the management decisions -were to be made by the top

management officials of the military services. This pattern

established the atmosphere for the F;15 fighter program.

The impact of decentralization has beeg‘discussed in tef@s

The program definition phase was an attempt to en-
hance design definition.26 The study procedure was to be \
regulated by competition. Two or more contractors would bid

for the contracts. At least two contracts‘wculd be placed.

the developmental endeavor. The emphasis would be on plan-

ning. Subsequently, a contract would be placed for the

actual development of the weapon system. This phase has been

.

23Log_istics Management Institute, op. cit., pp. 59-60.

2)+Anderson, op. _cit., p. 166.

25nne Dogfight Over the F-15," Business Week,
December 20, 1969, p. 97. '
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characterized by excessive documentation. The paperwork re-

24 quired to define the program often ranged between 20,000 to
' 50,000 pagesm27 s l‘

An effort to obtain the benefits of price competition
was the total package procurement (TPP). The'concept}en-
visioned the negotiation of a contract for the engineering
development, production, and support phases of the'weapons
acquisition spectrum.28 The concept was applied to the F-111

_ fighter and the C-5A transport aircraft programs.29 Both of
these programs experienced significant cost growths. Most
of the total package procurements were placed on a firm-fixed-
price basis. The arrangement placed thg burden for bearing
. the significant portion of the unanticipated exogenous and

endogenous uncertainty on the contractor.3O

An Analysis of Effectiveness

One measure of cost performance effectiveness for

contractors is to compare the actual program costs with

those estimated for the prograa initially.31 This procedure
will reveal how effective past efforts have been in alleviat-

ing the cost-growth problem. If the occurrence of a cost

27 Anderson, op. git., p. 166.
28Logistics Management Institute, op. cit., p. 24.

3%Risk Elements in Government Contracting, op. cit.,

\

29Anderson, op. cit., p. 166. : , - j

1

p. 8. }
|

31Stekler, gbs SiE.y pv 164,
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growth is assumed to constitute evidence that cost control is
lacking, then cost control can be‘established as the touch-
stone. The minimal occurrence of -cost growths would imply
effective controls, while a pattern of cost-growth prevalence
would imply the oppbsite. Three sample time periods will be
sufficient to ascertain the existence of any pattern.

Peck and Scherer report that_in a sample of 12 pro-
grams, developﬁental program cost estimates on the average
resulted in actﬁals exceeding estimated costs by 220 per-
cent.32 Variances on initial contracts were much larger
than on later ones. The sample programs included the B-58
strategic bomber, F-105 tactical.fighte{fbomber, Polaris In-
termediate Range Ballistic Missile (IRBM), the Nike Ajax
surface-to-air guided missile. The study was published in

1962 and covered approximately the decade of the 1950's. In

_the sample the cost-growth variance fanged from two to seven

times original cost estimates.33

In 1969, a Congressional list of 35 major weapons
system procurements revealed that 27 of the programs showed
cost growths in the amount of 19.9 billion dollars.3* Indi-
vidual cost growt@s ranged from 8 million dollars for the

Walleye II TV-guided glide bomb to 4,011 million dollars for

32peck and Scherer, op. cit., p. W12.
33peck and Scherer, op. cit., p. 429.
Mwitze, op. cit., p. 1%.
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the F-111 fighter. The greatest percentage increase was
395 percent for the Navy's Mark 48 torpedo. , .
A news release in March, 1971, quoted a Geﬁeral Ac-
counting Office report which cited cost growths totaling

- 33.% billion dollars.3? The Mark 48 torpedo program re-

flected a cost growth of 3 billion dollars for the largest
increase. The Minuteman III at 2.9 billion was next. Data
limitations do.got permit the identification of the pro-
grams which were on both the 1970 and 1971 lists. However,
the programs must have been approximately the same ones.
The increase in one year was from 19.9 to 33.% billion dol-
lars. Over the twenty-year period measures to reduce cost

growths have apparently not been too effective.

. Summary

The situation can be succinctly described as the ap-
plication of measures to treat the symptoms of the disease on
an individual basis. Yet, no measure has been fruitful in
terms of coping with cost growths by identifying and'working
with the basic cause of the disease.

The Aerospace Industries Association in a series of
reports has directed its attention to the uncertainty pa-
rameter. Their reports examine this difficult wvariable and
its treatment by the government. The Logistics Management

Institute reports numerous studies which may impact on the

35"Wea : n
pons Cost Overruns Revealed," The Daily
oman, March 19, 1971, p. 3. 4
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DOD-Contractor relationship{36 The studies‘may be summarized
as follows: _ :
(1) Efforts to validate and expand the daﬁé base for
cost estimates, A
. (2) Improved mathematical and statistical estimating
techniques, and

: (3) Endeavors to increase the visibility of con-
tractor operations.

‘ In October, 1970, the Deputy Secretary of Defense
issued a memorandum to the military departments. This docu-
ment emphasized the role of judgment invthe weapons acqui-
sition process.37 The information disseminated to Air Force
Commands.emphasized the approach to be'taken toward the

treatment of technical risk by the government.38

3610gistics Management Institute, DOD-Contractor
Relationghig--zgellgigggz Review (Washington, D.C.:
Logistics Management titute, March 19, 1970), p. 10.
37David- Packard, Memorandum for Subordinate Echelons:
eduction of Pro e ective ashington, D.C.: The

eputy Secretary of Defense, October 3, 1970), pp. 1-2.
38pavia Packard, Memorandum for Subordinate Echelons:

(o) u e eapo tem Acguisitio
EWashington, D.C.: The Deputy Secretary of Defense, May 28,

1970), pp. 1-6.
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CHAPTER IX
A CONCEPTUAL COST MODEL

Four parameters and their interactions emerge as the
key conceptual issues. The parameters are time, uncertainty,
information, and cost. An inverse relationship exists be-
tween information and uncertainty. The significant char-
acteristic of the information variable is content and not

necessarily its magnitude. The more information a given data

element can supply, the more efficacious a certain management

information system. As the informational efficacy decreases,
the uncertainty in é specific situation increases. Increased
information reduces uncertainty. For é definite time-frame
additional information can be obtained at an incremental

cost. Also as time passes, information in the environment of

. the decision maker increases. Its amount and content can be

magnified by the expenditure of funds. Prcgram costs will
increase directly with increases in uncertainty. The more
uncertain the future, the less information available for
decision-making purpbses. The more uncertain the future

events, the more costs can be expected to vary relative to

1y
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initial estimates. If the immediate environment of the de-.

cision maker is represented by a closed system, then it can

be treated as a component in a communication channel.

Communication Factors

In ematical Theory of Communication, Shannon
1

posits a model of a general communication system. (See

Figure 15.) The input source prepares a message for

Message Signal

Input Source Transmitter Receiver |-3{Destination
Noise
Source

Fig. 15.--General communication system
Source: Claude E. Shannon and Warren Weaver, The Mathematical
gory of Communication (Urbana, Illinois: The
niversity of Illinois Press, 1949), p. 5.
transmission. The message is encoded and transmitted, as an

electrical signal. During transmission the message can be

!Claude E. Shannon and Warren Weaver, The Mathe-

%%tica; Theory of Communication (Urbana, Illinois: The
versity of Illinois Press, 1949), p. 5. ;
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distorted by noise. The noise consists of static or any

other unwanted addition which tends to modify the signal. The
receiver translates the eignal into a message for eﬁaluation
by the destination. Although thls model was developed by
Shannon primarily for telegraph and.telephone systems theory,
it can be adapted to represent a management information
system. An examination of Fignre 16 reveals the necessary
changes. The perspective is different. The decision maker

is the receiver, and the emphasis is on the message which ie

being received, rather than on transmission.

Decision
and
Action
Decision
Mer ﬂ Act iVi ty
Feedback s’;‘gg: ¢
Computer }% . Engi;:g?:ntal

Fig. 16.--Contract administration system

The decision maker represents the initial stages of
the contract-life cycle, ranging from submission of the con-
tractor's proposal to contract finalization. The activity

node consists of contract administration and closure.
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Environmental sensors obtain feedback relatiye to the ;tatus

of contract cost and other germane variables. The data re-
turning to the computer can be distortéd or inadequate. Its
informational value is affected by the noise in the system.
The decision.mﬁker.and his immediate environment are a closed
system and a subsystem of the over-all system. Four im-

portant characteristics of the process require elaboration.

Information.--As stated, information is difficult to
define. In communications theory, the problem is compounded.
‘This fact results from Shannon's definition of information.
In communication theory, information relates to the number of
choices available to the decision maker, or to the number of
possible'events which could occur.z. More specifically, the
amount of information is measured by the logarithm of the
nnmbef of available choices. However, as Wegver asserts,
'information in communication theory does not encompass mean-
1ng.3 The conclusion results from Shannon's emphasis on the
technical aspects of sending the message in signal form. 1In
ﬁhis'study, informational content is critical. The validity
of decisions made will stem directly from the efficacy of
the data content. Therefore, a distinction must be made be-
ﬁween information and its content or meaning. The term, in-

formational efficacy, will be adopted to refer to content or

2Shannon and Weaver, op. cit., pp. 100-101.

3ngd., p. 99.
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meaning, whereas, information will be a measure of the amount

of data. In essence, Shannon's definition will be observed.

]n;:gﬁz,--The expression has been defined as a meas-
ure of disorder in a closed system. This derinition needs
to be refined. Entropy is a measure of the amount of in-
formation in a system; in particular, it encompasses the
number of choices available to the decision maker.k Entropy
relates to the degree of randomness of the information, not
to informational efficacy. As entropy increases, informa-
tion increases, uncertainty increases, freedom of choice in-
creases, but the informational efficacy decreases as related
to a specific data source. In accordance with ‘the second
law of thermodynamics, the tendency is for the entropy in a
system to always,increase.5 Order in the system equates to

inforﬁational efficacy. Disorder is measured by entropy.

: Increased entropy degrades informational efficacy. Let H

represent entropy and IE represent informational efficacy,
then: .

H+IE=1 and

e -
From the definition of information and its relationship to
entropy:6

*Ibid., p. 103.

JShannon and Weaver, op. cit., p. 103.

6Shanm)n and Weaver, op. cit., p. 105.
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H= - [py log py + pp log py + ... + pp log pp]
m .
B - p(x) log p(x) d&x . P
-Q0 '
n

‘; p; log p;
=0

whefe P1y P2y +«ey Pn stahd for the individual probabilities
of choice. In a closed system the tendency is for entropy
to increase. A source of negative entropy is necessary to
counter this tendency.’ In other words, the informational
efficacy of the data in the system needs to be augmented.

As negentropy ihcreases, the entropy in the system decreases.
Thus, the feedback system has as its purpose to provide a

source of negentropy.

The measurement of entropy.--Probability refers to

. the possibilityfthat a_specific or unique data element will

appear. The occurrence of a given data element is con-
sidered an event, for example, a certain cost. The relation-
ship between total uncertainty and entropy is a direct one.

The reference is to both anticipated exogenous and endogenous

‘uncertainty and to unanticipated exogenous and endogenous un-

certainty. As the entropy or number of choices increases,
the total uncertainty in the situation increases. A: men-
tioned, the amount of uncertainty for any individual event

7Wilson and Wilson, op. cit., p. 257.

il S (TR o

R




RSl

-highest when efents are most nearly equally probable. _When

~ value of one for entropy and the prbbability is equai to
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can be measured by its probability of occurrence. This
factor permits the entropy for a probabilit& distribution to -
be measured. - The probability distribution is deriyed sub-
jectively, based on intuition and judgment. Consider the
§ituatian of Table'7. The enfropy for the probability dis-
tribution can be calculated.8 (See Table 8.) The.entropy
for the distribution is equal éo .4582. The probability dis-
tribution in fable 8 is platykurtic. The entropy will be

an event becomes much more probable than the others in the
distribution, the entropy decréases. (See Table 9.) Thus,
with the sqcogd probability distribution the entropy de-
creases from the .4582 value of Table 8'to a value of .1087.
Possible entropy values will range from zero where no en-

tropy is present apd probability of occurrence is unity to a 1

zero. Thus, information is measured by entropy which is a
measure of disorder. Informational efficacy is order and is

measured by‘hegentrOpy.

Economic cost.--In a perfectly competitive market,
a necessary condition is that each buyer and seller must have
complete information or certain;y about prices and the avail-
ability of alternative goods.9 In recognition of the

8Scrmitt, op. cit., p. 168.
9Hibdon, op. cit., p. 173.
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TABLE 7
PROBABILITY DISTRIBUTION

i Cost Estimate Probability Expected Value ! vf
i e ¥ T $160 ﬁ
| ' 600 L Yo :,;
850 - 2 170 £
1.0 ' ‘ $570 -;f
€ : TABLE 8 ]

ENTROPY COMPUTATION NUMBER 1 ,

Probability -p log p10

Ko oL stk

0 B T e .1592
.20 oL e e . .1398

1.00 H = .4582
. _ TABLE 9
{ ENTROPY COMPUTATION NUMBER 2
£ Probability - -p log p
.l' .95 e o o o o o o 00212

g

L R e .0595
g e R T

1.00 H= .1087

a

10gchmitt, op. cit., p. 369.

T R VAW T | e A T A S




125 &
semantic problem in communication theory, information about

the market is synonomous with informational efficacy. Thus,
with complete informational efficacy, no cost estimate will

ever deviate from the original value. In this context, eco-
nomic cost includes profit as a payment.for a factor of pro-
duction. . This payment is to the owners who are residual

claimants of the revenue of a company.11

Model Formulation
The foundations have been established for a macro-

scopic model which depicts contract cost theory. The as-
sumpticns of the model can be summarized as follows:

(1) The theory is normative rather than descriptive.

(2) The effective cost for a program can be repre-
~ sented by the ratio of target costs to the informational ef-
ficacy of the data in a closed decision-making system.

.(3) Perfectly competitive markets exist. Contracts
are let on a competitively negotiated basis. This assumption
will be relaxed subsequently.

(+) Entropy is a measure of the information or dis-
6rder in a system; whereas, negentropy is a measure of the
‘order in a system and can be equated with informational ef-
ficacy. :

(5) The informational efficacy varies inversely

with the number of choices or bossible events which can occui

"Hibdon, op. cit., p. 355.
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as related to the decision-making system. If one course of
action seems almost certain, then the inforﬁational efficacy
is increased and vice versa. . ;

(6) Since contract price usually includes an amount
for profit, this fact must be conéidéred._-Economic cost in-
éludes the profit factor and can, therefore, fepresent con-
tract price.

(7) Mo limitations on funding exist. Programs can
be fully funded in anticipation of a possible cost growth.

The model stresses the relationship between contract
cost and the informational efficacy of the system. Let this
relationship be expressed by the expression:

g ;

CE = —=—
= IE

~ where Cg stands for the expected economic cost of the pro-

gram, Cr for the initial expected economic cost, and IE
represents informational efficacy.

Informational efficacy is equal to unity minus en-
tropy, thus the formula may be restated.

C1
1-H

CE=

Under the assumption of perfect competition where certainty
prevails, H is equal to zero and thus, C; divided by unity
gives Cr and Cg is equal to Cy. This outcome for the con-
ceptual model verifies the assertion that under conditions

of certainty no cost estimate will be in error.




G sl A A S R . - v - g et e s

127
However, in Chapter IV the relationship between the

government and the contractor was described és that of bi-
lateral monopoly. In Chapter II the statement was made that
{‘ : in fiscal year 1969, 73 percent of the total procurement

: actions were placed on a sole-source basis. This occurrence
seemed to validate the monopoly relationship. The impact on
the model is the introduction of uncertainty which derives
from the conditioﬁ of imﬁerféét-iﬁformational efficacy. The
change of assumption from a perfect to an imperfect-market
structure allows IE to be not just one, but a range of

valuss for each specific cost estimate. In Table 10 IE is

assigned a range of values for an expected cost of $570.
This figure is taken from Table 7. These values are plotted
in Figure 17. The curve R illustrates the postulated rela-

tionships. As the informational efficacy increases, program

costs decrease. The curve shows that the relevant range of

IE values for decision-making purposes is from app:oximatelf

T

B A T,

T . M A M

zero to approximately unity. The curve R is asymptotic to
both the ordinate and abscissa axes. However, outside of the

relevant range from zero to unity, changes in inférmational

Ly

- ¥
SNSRI

effigacy have very little impact on cost.

Increases in entropy reduce the IE value. These

changes in entropy technically result for a program from :

j noise. In the systems context, noise results from factors
such as cursory cost analysis, contractor underpricing, ex-

traneous design requirements, technical changes, and
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TABLE 10
EXPECTED COST FOR IMPERFECT MARKETS

IE Cg 1E Cg IE Cg 1E Cg
6 oo T 81k 10 g2 S0 10D
2 2850 0 633 57 10 900 .63
.5 1140 1.0 570 100 5.76 1000 .57
Cost
$
R *
o5 g T R oA, RO S T - O ——
:
0 {

01 02 03 .‘+ 05 06 07 -8 09 100
Informational Efficacy

Fig. 17 .--Cost-informational efficacy pattern

inadequate task definition. Assuming the existence of the
probability distribution in Table 8, the expected cost can

be calculated.

Ce = —7F
b 0

]
o

$1,052.

o
3
3
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If in fact the program was negotiated at a cost of

$570, a cost growth of $482 could occur. The change would
reflect an 85 percent increase in estimated cost. The prob-

" ability distribution in Table 9 is more leptokurtic in

shape. The .95 value reflects a high degree of belief in
the one estimate. On this basis, Cg would be $639. The

value would reflect an increase in costs of 12 percent.

Technical changes were considered to be the prime
cause of cost growths.12 The model deals with this causative

variable in terms of the uncertainty factor in the denomi-

nator. The next factor contributing to cost growths ﬁas
inflation. This economic variable can.be incorporated into
the model in the numerator.'S Assume that inflation is
represented by the symbol rho, p, then ‘

C‘Ip
. 1-H

. Cg =

If inflation of'5 percent'per year is anticipated,~
then the expected cost value can be calculated. A two-year

program is assumed. The entropy value is .1087. A compound

interest factor can be substituted for the inflation

Gk L%, 28

S A DRI YR SO ST R s T S Gt
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12npefense Digest," Armed Forces Management,
January, 1970, p. 17.

13sames C. Van Horne, "A Note on Biases in Capital
Budgeting Introduced by Inflation," Journal of Financial and

Quantitative Analysis, VI (January, 1971), p.




variable. This factor, 1.159, can be obtained from a Com-

pound Interest Table.1u

= _660
.8913

= $740. :
Thus, under the postulated conditions, the program cost
~would be increased to $740 for *+he total two-year period.
The amount would absorb the ¢ of inflation and technical
changes. Possible constraints by both parties to prevent a

cost growth based on technical changes are ignored.

The Cost of Informational Efficacy

The relationship of informational efficacy and pro-
- gram cost ié illustrated in Figure f?, page 128. As the
levei of informational efficacy increases, the costs for the
developmental program decrease. Ostensibly, the logical
approach is to continuously expand informational efficacy.
In this manner, program costs can be reduced to a nominal
amount. Costs will not fall to zero, since the curve is
asympfotic to the abscissa. This course of action would be

optimal if informational efficacy was a free good. Howéver,

147, Fred Weston and Eugene F. Brigham, Managerial
Finance (3rd ed.; New York: Holt, Rinehard, and Winston,

1969), p. 816.
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the upgrading and maintenance of informational content have a
definite cost. The management information system has fixed
‘costs which accrue from the system's existence. The com-
puter must be energized, air conditioned,-énd_maintained.
Personnel salaries are relative1§ fixed, regardless of the
state of the information in the system. The'variable costs
for fhe system héve two primary components. Up to some
point, additional amounts of information are needed; and
secondly, the ihformational efficacy of the information units
needs to be increased and maintained. Un the basis of his-
torical cost felationships, the assumption can be made that
the total cost of acquiring, haintaining, and transmitting
the information can be expressed by the equation:

Cp = aebt

where C, stands for the total cost of informational efficacy;
a for the fixed costs of the system, e for the expression

(1 + n)1/B, b for the growth rate, and t for the time vari-
able. The symbol e is the base of the natural logarithms.15
The formula is an exponential function which exhibits growth
over time.'® The assumption can be made that a multiple re-

gression analysis has been performed, using historical cost

157ean E. Draper and Jane S. Klingman, Mathematical
Analysis (New York: Harper & Row, Publishers,.19375, p. 105.

16Sherma.n K. Stein, Calculus for the Natural and

Social Sciences (New York: McGraw-Hill Book Company, 1968),
pp. 109-112.
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data for the informational system under con;iderat;on.17'
The result is a $542 value for a, .5 for b, 2.718 for e, and
t can assume theoretically a range of values from éero to
infinity. For these values, the cost of informational ef-
ficacy ean be computed for a given system configuration.

(See Table 11.)

TABLE 11
COST OF INFORMATIONAL EFFICACY

t CA t CA
o $542 2 : $1 ’)'*73
1 894 L : l+,005

The data in Table 11 have been plotted in Figure 18.
An examination of the curve in Figure 18 reveals that the
cost for informational efficacy increases at an increasing
rate. This cost is essentially the price of program admin-

istration.

Total Economic Cost
Ideally, the total cost for the government is minimal
for a specific program. Conceptually, the total cost is the
cost of the developmental program plus the cost of program

administration. The cost trends for the two components are

17Frederick E. Croxton and Dudley J. Cowden, Applied
General Statistics (Englewood Cliffs, New Jersey: Prentice-
Hall, Inc., 1955), pp. 53%-551.
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Fig. 18.--The cost of informational efficacy

divergent. For program administration, the cost relationship

~ can be expressed by the formula:

CA = aebt

The formula is the exponential growth function. The pat-
tern is for costs to increase at an increasing rate.
As derived for economic program cost, the relation-
ship is expressed by the formula:
a5

BT n
When informational efficacy increases, prograﬁ costs decrease.
A decrease in informational efficacy is attended by an in-

crease in program costs. The relationship between informa-

tional efficacy and time is a direct one. Uncertainty is




the connecting link. The resolution of uncertainty over time
is accompanied by an increase in 1nformationél efficacy. The
required conditions of the relationship can be appéoximated
by the exponential decay function:

éE = de'gt

where Cg stands for the economic program cost, d for the max-

imum expected economic program cost, e for the base of the
natural logarithms, g for the decay rate, and t for the time
variable.
Therefore, total economic cost can be expressed by
the formula:
ot Sy riy -
where Cpc stands for total economic cost. Substitution in
the formula for Cp and Cg transforms the equation:
; 6TC = aebt + ge-gt
Differentiation of this function with respect to time will
give the first derivative of the total economic cost:
%’fzq— = abePt . gge-8t
Setting the function equal to zero will give the minimal
point for total economic cost:
abePt - gde-8t = o :
The solution under the conditions as posited is 2. The value
can be ?hecked by substituting the assumed numbers in the

equation:.
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(2) (.5) (2.718) -9 (@) _ (4,000) (.5) (2.718)=(+5) (2) =

N\

(271)(2.718)1 - (2,000) (2.718)~1 =
(271)(2.718) - (2,000) (.368) =.
736 - 736 =0

The numerical values for e! and e-1 are from a Table of con-

stants.18

The second partial derivative with respect to t can

be computed:

2 st
%_(Z:_T.C_ = abzebt & d323-gt |
t i ¥

If the total economic cost curve is at ; minimum when t

equals 2, then the second partial derivative wi;l have a
positive value. The result of this computaéion is a positive
~value. The seiected economic program costs for several
values of .t have been listed in Table 12. The figures in
Table 12 have been plotted in Figure 19 to give thé economic-
program-cost curve. Also the data in Table 11 for the
informational-efficacy-cost curve have been plotted. Curve

C represents the cost curve for the total program cost. At

t equals 2 the total cost curve is at a minimum. The mini-
mum point on curve C occurs at Y. Point X on the axis is

the optimal cost. The minimal point also occurs at the

point where the economic-program-cost curve, B, and the

18Kaj L. Nielsen, College Mathematics (New York:
Barnes & Noble, Inc., 1958), p. 279.
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informational-efficacy-cost curve, A, intersect, point D.
Thus, for an anticipated level of negentropy the optimal
over-all cost has been determined. :

TABLE 12 -
ECONOMIC PROGRAM COST

t Ca - Ca
0 . $4,000 2 $1,480
. i R 540
Cost
X - i
]
|
]
|
!
]
|
0 '
i 1 2 3 4 5 6
: Time

Fig. 19.--Total economic program cost

The Management Information System

The conceptual cost model -emphasizes the importance
of the management information system to contract administra-

tion. Suboptimal decisions can occur, if the economic
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program cost is considered in isolation. Rather, the total-

cost approach is the touchstone. Only in this manner can
optimal decisions be assured. The total-system approach
dictates that total economic cost will be minimized. In
#his context, a coét growth may be warranted, if the over-all
cost will be at a minimum. However, an impending cost
growth must be detected before such a decision can be made.
The key role of the management information system is
to provide proﬁef cost visibility. The decision maker may
have to alter his decision after the receipt of new informa-
tion, possessing a high degree of informational efficacy.
Changes in the conditions surrounding t?e developmental pro-
gram wil; supply evidence of possible deviations. The in-
formation system must be designed and constructed to detect

and report possible incipient disruptive factors. These in-

~ cipient variables must be defined, categorized, and their

poséiblé_impact ascertained.19 The identification of trends
and patterns needs to be accentuated. For example, in Table
5, page 88, engineering changes are listed as a cause of
contractual cost growths. A pattern of increasing and dif-
fuse engineering changes should alert the program manager.
He must completely analyze the total program as related to

the totality of the changes being made, and not just examine

"9p. pisalvo, G. R. Hall, A. J. Harman, G. S.

Levenson, R. L. Perry, G. K. Smith, and J. P. Stucker, S%stem :

uisition Exverience (Santa Monica, California: The
orporation, November, 1969), p. 39.

oy
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each one in a vacuum. A knowledge of the factors which have
contributed to cost growths in the past will enable the de-
cision maker to recognize and detect program-changé trends.
Another need for the information system is the rapid de-
livery of high-fidelity information to the decision maker.2C
As mentioned previously, some organizations require a de-
talled management information report every thirty days. The
delays involved can contribute to the magnification of prob-
lems. An undetected problem which has been expanding for
five or six weeks may be difficult to control. Significant
information must be timely and accurate. If performance
ratings for personnel are predicated on.certain workload
indicators, this condition can lead to falsification of sta-
tistics to meet some arbitrarily established standard.21
The reporting system must enhance cost visibility.22 The

. visibility depends on an effective ﬁanagement information
system abetted by frequent independent reviews and anaiyses.
Visibility can be enhanced by engagement with the contrac-

tor, especially for large-dollar programs. The monitoring

of programs may utilize management sciénce techniques. For

20F, s. Timson, Technical Uncertainty, Expected Con-
tract Payoff, and En%ineering Decisionmaking in a System
evelopment Project (Santa Monica, California: The RAND
Corporation, August, 1970), p. 83.

21pavid Halberstam, "The Programming of Robert
McNamara,”" Harper's Magazine, February, 1971, p. 60.

2ZEdgar Ulsamer, "The Accent is on Flying," Air
Force Magazine, June, 1971, pp. 26-27.
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example, the milestone approach might be adopted. The f
program would be divided into small manageable steps. Tech- i
nical progress and cost control would be examined ét peri- :
odic intervals. : : g
; These need§ emphasize the imperative nature of an .
effective management information system. Wiener,23

2 and Wendler,25 discuss the requirements for an ef-

Wofsey,
ficacious system. However, Schumacher does so in a more ;
succinct and coneise manner.2® His enumeration will be con-

sidered.

Anthrogocentricism.--?he system must be oriented to
the user and the input agent, anﬁ_not to a hardware compo-
nent, such as a central or peripheral computer. The inter-
face points between the computer and decision maker and the
input agent and computer sensors should be the design focus.
The facilitation of these interactions is the primary ob-

jective.

23Wigner, op. cit., pp. 11-1k.
2L*M‘a.:cv:l.n M. Wofsey, Management of Automatic Data

grocesginﬁ Systems (Washington, D.C.: Thompson Book Com-
pany, 1963), p. 76.

25C1ifford Wendler, "What Are the Earmarks of Ef-
fective Total Systems?" Systems and Procedures Journal, 17

263. G. Schumacher, Computer Dynamics in Public Ad-
ministration (Washington, D.C.: Spartan Books, 1967), -
pp. 57-59.

pp. 57-59.
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f Flexibility.--Environmental change is a constant

occurrence. The system design must enhance detection and

adaptability to chgnge. If the systém is automateq, the com-
puter may be programmed to exhibit flexibility by the use of
-beuristics.. Early detection of abnormal deviations is es- 4
sential. : 5 s |

Generality.--The system must be total in scope. The |
factor encompassés the requirement for integration and organi-
. - zation. Increasing coﬁplexity and disorder tend to degrade
the system. Complexity can be a derivation of size. The
larger the organization, and the more dispersed its parts,
the greater is the diffusion of information in the environ- ?
ment. Bonner posits a direct relationship between size and

 complexity factors.27 Complexity involves a magnification

of detail and a diffuée pattern of activity. For detail,
the lowest common denominator must be identified. This ac-
tion will permit functional modularity in design. Func-

7:{ tional. modularity allows ‘the changing of the basic system
% components to meet specific needs as stimulated by change.
4

;} ' Simplicity.--Ideally, the system is tailored to its
k' ' organizational environment. The total man-machine configu-

ration and the size of the user group are factors to consider.

277ohn T. Bonner, "The Size of Life," Natural His-
tory, January, 1969, pp. 40-45.
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Simplicity of design is necessary to avoid hysteresis ioss of

valid data. SRR

N\

amic Model Aspects

The assumption that organizational homeostasis is
synonomous with the maintenance of the optimal total economic
cost can be made. Then, the objective of a funds expendi-
ture for contracts and program administration is to keep the
organization at the lowest point on an aggregative total
economic cost curve. : _ |

As indicated, the purpose of the conceptual cost
model is to obtain a better understanding of the nature of
the cost-growth process. The key concepts are those of en-

tropy and its relationship to uncertainty. The program-cost

- outcome depends on the subjective evaluation of the past and

current environments and their projection into the future.
The derivation of a probability distribution will be af-
fected by the individualfs preference‘function as related to
risk. The individual expresses his degree of confidence as
to the future occurrence of some particular event or se-
quence of events.28 The result at to, for a given program,
is an array of possible probability distributions. (See Fig-
ure 8, page 51.) As Schumpeer asserts, analysis which deals

with the relationships between variables for a given point in

28y, 7. Ayer, "Chance," Scientific American, October,
1965, p. 4.
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time is static.?? The model can assume dynamic overtones,
if past and future values of variables, lags; sequences,
rates of change; cumulative magnitudes, and expectétions are
incorporated. _ : ;
: A computer program may be developed to simulate the
contract administration process, as reflected by the con-
ceptual cost model. Tﬁe parameters of time, cost, unéer-
tainty, entropy, and informational efficacy may be manipu-
lated to simulate various world states. An iterative routine
would test each alternative economic cost for several proba-
bility distribqtion§.30- Basically, simulatioﬁ permits the
identification of successive States of the situation by the
repetitive application of the rules thak govern a system.31
A knowledge of possible outcomes and tﬁe nepwork structure

of the variableé which contribute to the outcomes will en-

hance the probability of problem detection and identification.

Dynamic programming can be effective in maintaining

the homeostasis of the organization.32 The programming of

29Joseph A. Schumpeter, History of Economic Analysis
(New York: Oxford University Press, 1954), pp. 963-96%.

30David B. Hertz, "Risk Analysis in Capital Invest-
ment," Harvard Business ﬁeview, January-February, 1964, .

pp. §9-1O .

31c11fford Springer, Robert E. Herlihy, and Robert I.
Beggs, Advanced Methods and Models (Homewood, Illinois:
Richard D. Irwin, Inc., 1935), Pe 173s

32garold Sackman, Computers, System Science, and
Evolving Society (New York: John Wiley & Sons, Inc., 1967),

po 07-

-

-

S R o R I NS W e PSS

G b

A MM g S 5 B e

o




113

] the central computer which controls the management informa-

gl tion system is structured-tovpermit the computer to react
automatically to the occurrence of seemingly randoé cost
deviations. Corrections are made, when possible, and the
decision maker notified. Thé method is based on Bellman's
F. - Principle of Optimality.33 The process is sequential and
its objective is to maintain the integrity of the predefined
objective function of the system. In contract administra-

tion the goal is the minimization of the total economic
cost for a developmental program. The totally automated in-

formation system does not yet exist. However, the incorpora-

tion of a dynamic algorithm in the information system to
cybernetically adjust to all threatening environmental
changes is utopian in concept, but is a worthwhile goal.

s Nk e b

The Significance of the Model
A mathematical function, such as y = x2, is determi-

B . o e 8

B L A S ; A
-y s gl N k]

nant and certain. For a given value of x only one value of
y can occur. For example, if x is equal to 2, then y is ;
equal to 4. The conceptual cost model is not of this nature.

The relevant variables are large in number, and the nexus is

i

=
X e N W i~

RN

complex. Essentially, no magic number can be derived for

the future cost of a program. The best estimate will still

PN RSN N I M‘MW»—” o

intrinsically incorporate an indeterminate measure of

-

. 33U.S. Department of the Army, U.S. Army Management
School, 0O eratlons Research/Systems Analysis Executive Course,
GEN-1.§ Fort Belvoir, Virginia: U.S. Army Management School,

May, 1968), p. 9.
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ﬁncertainty. The value of the model relates to its explana-
tory capabilities. It illustrates the relationship between
program cost and the disorder in a contract adminis#ration
system.34 The purpose of the management information system
is to essentially hélp alleviate this disorder condition.
Increasing disorder will give increasing program costs. The
disorder or noise is created by warp factoré‘in the current
and future environments. The objective is to better under-
stand cost growths and their causes. From a total system
frame of reference, not all cost growths are detrimental.

In some cases, over-all welfare can be enhanced, if total
economic cost is reduced. Informational efficacy is neces-
sary for optimal and effective decision;. However, addi-
tional increments of information are warranted, provided the

marginal return is equal to, or exceeds, the marginal cost

. of increased informational efficacy.‘ The inverse of a cost

grbwth can occur. A cost underrun normally developé when
costs are lowered by some technological breakthrough, so that
production costs are reduced, or by the program not being
conducted at the planned level. :

In developing the model, simplicity was the guiding
principle. Based on his experience, Einstein believed thét

nature was the realization of the simplest conceivable

3uMyron Tribus and Edward C. McIrvine, "Energy and

Information," Scientific American, September, 1971, p. 179.
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mathematical ideas;35 Complexity can obscure details and the
true nature of a system. However, the simplest idea is
basically a first approximation. A conceptual pafédigm must
be validated or refuted by empirical research.36 In the
garly‘decades of this century.attempts were made by Hilbert,
Russell, and other mathematicians, to create a system within
which the whole of ﬁathematical theéry could be developed.37

Four characteristics were stipulated: (1) no contradictions

could occur, (2) the system would be logically éomplete,
(3) its princi}les would be conceptually universal, and (4)

the system would be formal. However, in 1931, Kurt Godel
demonstrated that such a system was unattainable. This theory £

stipulates that every system must fail in at least one of
three ways which can be summarized as follows: (1) The sys-

tem will contain a basic contradiction, (2) Questions exist

- which the system can ask, but cannot answer, (3) The struc-

ture of the system will be too weak to comprehend the most
elementary details. Thus, increasing complexity can cause
degradation by factors, such as the 1ncorporatioh of anom-

alies in the basic structure of the system, excessive

35Martin Gardner, "Mathematical Games," Scientific
American (August, 1969), pp. 118-119.

367, Fred Weston, The Scope and Methodology of
E;g%§gg (Enﬁlewood Cliffs, New Jersey: Prentice-Hall, Inc.,

19 s PP. 42-43.

374. 8. Davis, Godel's Theorem (Norman, Oklahoma:
Department of Mathematics, The University of Oklahoma,
196)'.'), ppo 1"8. .
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information in the data banks, the storage of incomplete in-
formation, and the creation of decision situations which

have no basis in reality.

Testing the Assumptions of the Model

The logical consistency of the assumptions which
have been posited for the conceptual cost model can be
checked by means of symbolic 10gic.38 The assumption is
that entropy implies uncertainty, that information implies
entropy, and these two statements imply information which
implies uncertainty. Information is defined as the number
of choices available to the decision maker, or the number of
events which could occur. If entropy is increased under
these assumptions, then information should iﬁcréase, as well
as uncertainty. Let c be entropy, a be uncertainty, and o
be infotmation, then is the statement,
[(c>a)=s(o—»c)]—=(0-pa) true? The stateﬁént is examined in
Table 13, where T equals true and F equals false. An exam-
ination of the final column in the Table reveals that the
statement is true. Thus, the assumptions as outlined and

related are logically consistent.

387ohn G. Kemeny, et al., Finite Mathematics
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1962),

pp. 1-18.
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CHAPTER X
COST UNCERTAINTY ANALYSIS METHODOLOGY

- In Chapter IX, the emphasis was primarily on' the
over-all contract administration segment of the procurement
life cycle. The following conceptual cost model was de-
veloped: '

- Cp

e e
E™ 18

A value for Cr, the initial expected economic cost, was as-
sumed. This Chapter is concerned with the methodology for
evaluation of Cy estimates for developmental programs. At
present, the process is referred to generally as cost anal-
ysis. It has been defined as a detailed analysis of the
elements which are contained in a prospective contractor's
cost proposal. In response to the need for a methodology to
identify and control the risks associated with major de-
velopmental programs, risk analysis has evolved.! Risk anal-

ysis can be defined as a scientific approach for the

1James L. Arnett, A Program of Instruction for Risk
(Fort Lee, Virginia: School of Logistics Science,

S y Logistics Management Center, undated), p. 1.
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evaluation of the uncertainty associated with a developmental
program or system. The uncertainty may be.rélated to cost,
time, or performance goals. The cost analysis may ﬁe associ-
ated with systems or the individual programs which comprise
s_ystems.2 The emphasis is on cost analysis for individual
contracts. In general, the priﬁciples espoused for one are
applicable to thé other. The preparation and evaluation of
cost estimates to a degree is an art, rather than a science.3
However, management and financial science techniques may aid
the decision maker in the process of orderly and logical
thinking. Pardee asserts that the uncertainties which relate
to cost, time, and performance cannot be accommodated by
using traditional statistical and probagility techniques.h
Insofar as the reference is to objectivistic or classical
probability theory, the statement is valid. In classical
probability theory, the concept_éf equally likely is
stressed.5 For example, the probability of obtaining a tail
on oné flip of a fair coig.would be equal to .5. This value

is computed as a ratio.of favorable cases to the total

2J’ames D. McCullough, "Estimating Systems Costs," in

Cost-Effectiveness Analysis, ed. by Thomas A. Goldman (New
York: Frederick A. Praeger, Publishers, 1967), pp. 69-89.

3lhlg'7 p. 70.
L

F. S. Pardee, Guidelines in Accumulating Financial
%asa on Future Weapons (Santa Monica, California: The RAND
o

rporation, May 27, 1960), p. 13.

SHoward Raiffa, Eeg%gion é%alzsis (Reading,
Massachusetts: Addison-Wesley, 1 s PP. 273-275.
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~used in this chapter. The theorems of the probability cal-

" technical program outline and a cost budget for activatioﬁ of
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ﬁumber of equally likely cases. In the example, one divided
by two equals .5. Glennan insists that no~émount of analysis
can eliminate program uncertainties.® Again to a goint the
statement is substantive. The objective is to reduce uncer-
tainty, rather thaﬁ its complete elimination. Instead of’
classical probability theory, Bayesian statistics will be

culus will hold. The difference is subjective as opposed to
objective probéﬁilities. - Consequently, actual results, after
validation by time, will not always be in agreement with a
priori probabilities. The focus in subséquent sections will
be on the evaluation of Cy, the initial estimated economic

cost.

Cost Element Estimation

Proposals submitted by contractors usually include a ﬂ

the effort. If the program is to be placed by multiple-
source solicitation, the military agency can evaluate the q

technical proposal and its budget. In this way an independent

cost estimate will be derived. The estimate may be used as
the touchstone to measure the validity of the cost estimates
submitted in response to the request-for-proposal. Should
the program be sole source, the approach can still be used.

6Thomas K. Glennan, Jr., An Economist Looks at R&D
Management (Santa Monica, California: The RAND Corporation,

ovember, 1963), p. 4.
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The individual agency may evaluate the technical proposal

without reference to the contractor's budget, and then de-
velop their independent estimate of what the program ought
to cost. At this juncture, an assessment of the individual

risks and uncertainties can be accomplished.7 ‘The possible

extra costs which stem from the anticipated exogenous and
endogenous, and the unanticipated exogenous and endogerous
uncertainties would be incorporated into the'estimating proc-
ess. Three primary technidues are used to develop cost
estimates.8

Industrial engineering.--In this approach, the indi-

vidual elements are evaluated at a low level of detail. The
elements are then aggregated to derive a total. Engineering
standards for various operations are necessary. For ex-
amp;e, the item being costed might be the job of shaping
basic metal stock, using a lathe, into a component part for
an aircraft engine. The standard times are aggregated, and
the total is costed to arrive at a cost estimate. - The data
necessary for this approach are usually not avallable to

government personne1.9 Additionally, the process is

7Richard M. Anderson, "Handling Risk in Defense Con-
tragting," Harvard Business Review, July-August, 1969,
p. 92. :

8C. A. Batchelder, et al., An Introduction to Equip-

- ment Cost Estimating (Santa Monica, California: The RAND

Corporation, December, 1969), pp. v-vi and 1-10.
9Ip;d., p. 7..




extremely time consuming, and the estimates have been found

to be less accurate than those formulated stétistically.

Statistical approach.--The cost estimates dre com-
puted, using estimating relationships for.variables, such as
weight, speed, and range. A decreased level of detail is
involved. Instead of working with individual jobs to develop
costs, the over-all category is used. For example, in the
engineering approach, the various types of labor hours would
be evaluated, then summed. For the statistical approach, the
generic category labor hours is used. As in the previous
approach, historical data serves as the basis for cost esti-
"mates. In the statistical approach, regression coefficients

are calculated and used to predict future estimates.

: Analogy.--Estimating by analogy is a rather crude
process. If system A originaily cost $1,000, and system B
is identical, except for contemplated cost increases of 10
percent, then system B w%;l cost $1,100. The analogy pro-
bedure requires the exercise of more judgment than the other
techniques. The key is to-determine how much the program
under consideration resembles past programs.

For most situations, statistical piocedures are pre-
ferred.'9 This preference accrues primarily from the flexi-
bility and genéral applicability of.the approach. Regression
analysis, both single and multiple, is the main tool used.

01pid., p. 7.
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In terms of cost, historical data are examined to identify

variables related to cost. The relationship may be tested
for significance. For example, if cost is the dependent
variable in a regression analysis for an aircraft, the rela-
tionship of weight and speed to cost might be examined. If
speed is increased, what impact'does this change have on ;
costé If a definite relationship is established, changes in
the two independent variables will be associated with changes
in the dependent variable. However, the fact that the vari-
ables are related does not imply causality.11
A phenomenon which may be important in cost analysis
is the 80-20 Rule.'? The principle derives from the fact
that a small percent of one variable accounts for a large

percent of another one. Constantin reports studies where a

small percentage of products account for a large percentage

. of company profits.13 For example, 20 percent of the prod-

ucts in the product line éould account for 80 percent of the
profits for a firm. Should the company want to lower costs,
it might be justified in eliminating one or more of the
products that account for only 20 percent of profits. For
government organizations, salaries and wages may be one of

four or five budget categories. This 20-25 percent may

11;91 ey Peo 56.

12c1ifford H. Springer, Robert E. Herlihy, and
Robert I. Beggs, Basic Mathematics (Homewood, Illinois:
Richard D. Irwin, Inc., 19355, . 45.

13constantin, op. cit., p. 36.

P
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accournt for over 90 percent of the total organizational ad-

ministrative cost. The principle has a wide range of appli-
cations.  Patterns which fit the rule must be identified.

. Such actions may aid in cost analysis.

: In aggregating individual cost components, the law
of large numbers is often applicable. This law implies that
the deviations from the mean of component costs will average
out. The single event defies prediction, whereas, the mass
remains essentially the same or can be predicted within.
limits."™ The individual cost estimate is considered to be

a sample from a larger poﬁulation. Assuming normality and

i
'L

randomness, the inference is that the values will cluster

around the universe mean in accordance with Chebycheff's

: Laﬁ.Ts The_primary;objective is to determine the total pro-
gram cost. Individual coﬁponents may vary from estimates,
but the total will not fluctuate drastically.

4 - Commoner asserts that the‘properties which a complex

5§' whole displays cannot be solely explained by the properties

observed in isolated parts.16 This paradoxical conclusion

-~ is referred to as the fallacy of composition. What is char-

acteristic of an individual cost element will not necessarily

143ardy, op. cit., pp. 19-20.
15Ayer, op. cit., pp. 46-48.

16Barry Commoner, Science and Survival (New York:
The Viking Press, 1967), p. &3.
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be true for the whole.!7 The principle may be misleading in
cost analysis. For example, a factor which degrades the ac-

curacy of the industfial engineering approach to cost esti-

mation, is that individual estimates are aggregated to deduce

the whole. 18

Cost Uncertainty Analysis
: Cost analysis and risk analysis have already been

defined. Arnett considers risk analysis to be essentially
systems analysis with the added feature of uncertainty.19
However, in the cost area, Sutherland addresses the subject
directly for a given proéram.20 His approach envisicns un-
certainty being evaluated at the aggregate level. However,
for a large system the cost analysis might be conducted at
the next lower generic cost level, such as recuiring and non-
recu:ring costs. Also, subdivisions, such as labor hours,
materials and supplies; and equipment might be germane. He
concludes that each aggregate cost estimate should include a
section which evaluates cost uncertainties. Sutherland's ap-
proach will be adopted. The assumption is made that the cost
estimates used in subsequent paragraphs are based on regres-

sion studies. Each estimate so derived will have been

17paul A. Samuelson, Economics (6th ed.; New York:
McGraw-Hill Book Company, 1§6¢5, p. 11, 3

18Batchelder, op. ¢lt.y P. 5.
19Arnett, (<1 0L -+ ) O DRy 8
20gutherland, op. cit., pp. 7-8.
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adjusted in an experiential manner based on an evaluation of
21

qualitative factors associated with the regfe5fion study.
The selection of the economic program cost most li#ely to
occur for a developmental program requires decisions to be
made. Decision frees ;fe éféﬁhic magzgement-science tools
which may aid contracting personnel in the decision-making

process.

Decision trees.--Pending negotiations require the

government manager to take action. He must decide whether or

~not to select a specific estimated economic program cost as

his goal. Overt action-is required. An act may be defined
as a decision by the individual to takera definite course of
action.?2 If the assumption is made that A = (ai} set of
actions, then a decision is defined as the selection by the
decisioh maker of one element from set A.23 In cost analysis
A represents the possible cost estimates which might be se-
-lected for a given contract. An évent may be defined a; a

24

subset of a sample space. Acts are under the control of

21Norman V. Breckner and Joseéph W. Noah, "Costing of
Systems," in Defense Management, ed. by Stephen Enke
(Eng%ewood Cliffs, New Jersey: Prentice-Hall, Inc., 1967),
p. .

22pobert Schlaifer, Probability and Statistics for
Business Decisions (New York: McGraw-Hill Book Company,
Inc.’ 19;95’ ppo 3-21'*'.

23Hwang, g, cikes p. 18.

24p. R. Dyckman, S. Smidt, and'A. K. McAdams, Man-
agement Decision Making Under Uncertainty (London: The
MacMillan Company, 1969), p. 3.
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the individual; the possible outcomes or e?ents are uncertain
and beyond the decision maker's control. A ﬁroces; of
change, where the decision maker is faced with more than one
outcome, is uncertain and is called a stochastic or random
pfoéess.zs, The acts available to the manager can be illus-
trated by a decision tree.2® This device is a graphical-~
sequential technique for portraying the act-event sequence;27
A decision tree is diagrammed in Figure 20. An act would be
to select either Program A or B. The event success would be
applicable if the cost estimate was accurate or an underrun
occurred, and no success would imply that a cost growth was

the outcome.

Probability assignments.--The assumption can be made
that historical cost data hés been analyzed. This review

shows that Program A has been selected with a frequency such

j t@at a .5 probability is assigned. ,(éee Chapter V, pages 53

through 56.) The same probability is assigned to Program B.
The probability of success when A was chosen has been .7 and
for B the figure is .5. In Figure 21, these probabilities
have been added to the decision tree. The question arises,

what is the unconditional probability of success for expected

25Hwang, op. cit., p. 18.

261, s. Hill, Management Planning and Control of Re-
search and Technology Projects (Santa Monica, California:
The RAND Corporation, June, 1966), p. 49.

275ohn F. Magee, "Decision Trees for Decision
Making," Harvard Business Review, July-August, 196%4.
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ACT EVENT EVENT

Accurate Estimate

Program A Cost Growth

Cost Underrun
Start

Accurate Estimate
Program B Cost Growth

Cost Underrun

Fig. 20.--Decision tree for two prograﬁs

cost A? The question relates to the occurrence of joint
events. For example, A occurs and so does success. The
joint probability is (.5)(.3) = .15, plus (.5)(.%) = .20 for
a total of .35. Joinf probabilities have been added to the
decision tree in figure 21. The unconditional probability
of success is .25 + .35 = .60. The conditional decision
tree with assigned probabilities is a very useful decision
tool and will be used again in a latter section.28

Utility theory.--The concept envisions that a quan-
titative scale can be derived which describes an individual's

preference for various degrae. of risk.29 (See Chapter V,

28c11£ford H. Springer, et al., Probabilistic Models
éggmewood, Illinois: Richard D. Irwin, Pﬁm, 1968), pp. 225-

29Grayson, op. cit., pp. 114+-118.




Accurate Estimate .15

Cost Growth .15

Cost Underrun .20

Accurate Estimate .10

Cost Growth 2y

Cost Underrun .15

Fig. 21.--Decision tree with assigned probabilities

pages 56 through 61.) Depending on the over-all shape of his

_utility function, an individual can be classified as a risk

averter, risk seeker, or a risk ignorer. The utility func-
tion may aid in decision making.3® From'the above illustra-
tion, the expected economic cost for Program A is $57,000.
(See Table 2, page 54%.) For Program B, the expected eco-
nomic cost is $60,500., as computed in Table 14. Then
Tables 2 and 14 show the situation prior to the application
of utilities. Program A is superior to B, having an ex-
pected economic cost of $57,000. The utility function for

the agency (derived from an entire group of managers who

307, R. Miller, III, A Systematic Procedure for
- Assessing the Worth of Comolex Alternatives ZBedford
A,Massachusetts. The Mitre Corporation, November, 1967),

‘)po 8-29

2
4

X




B S S S B ST A Qs ke e

160

have responded to a posited lottery) is' assumed. The utility

values are weighed by the probabilities as in Tablg 19. The
expected utility value of 5.0 for- Program B is higher than
b the 4.0 value for A. Thus, the choice is'B, rather than A,

when risk preference is considered.

TABLE 14
EXPECTED COST FOR PROGRAM B

. p Expected : Expected

: " Cost Probability Value
$50,000 | RN $20,000

f 65,000 - 3 19,500

‘? 70,000 i3 : 21,000

{ 1.0 _ $60, 500

TABLE 15

EXPECTED UTILITY VALUE (EUV)

} Program A F Program B g
i Utiles Probability EUV Utiles Probability EUV
£ 8 A 3.2 20 A 8.0
- | 6 RN 2.4 2 3 .6
:Li; - = i - =3 \ —_s
2 1.0 4.0 ) 1.0 .0

Application of Bayes' Theorem.--New information
which reduces the degree of uncertainty will often lead to
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the revision of probabilities and perm;t the individual to
modify his previous decision.31 In the situation diagrammed
in Figure 21, the unconditional probability of success was
computed as .60. Suppose information is received which dis-
closes that Program A.wili be selected, what is the proba-
bility of success, given this additional information? The
probability can be computed using the’following formula:

Po(hy) P(X| &)
-ZJ P, (&) P(X[4)

where the Ai's are a set of mutually exclusive and exhaustive

P(Ai I X) =

- events, P,(A;) is the prior probability of A;, X is the ob-
served event, and P(XI A{) is the probability of the observed

event given that Ay is true.32 The formula is referred to as

Bayes' Theorem. In reality, the formula is nothing more than
the mathematical definition ef conditional probability.
Initially, prior probabilities that a given event will occur
are stated, such as a striped ball being drawn from an urn
with a probability of .5.33 If a striped ball is drawn, the
probability of red is .2. Thus, the joint probability of
striped and red is .1; i.e., P(S,R) = (.5)(.2) = .1. The

other balls in the urn are green-dotted, green-striped, and

31John F. Magee, "How to Use Decision Trees in
Capital Investment," Harvard Business Review, September-
October, 1964, pp. 93-96.

32

SkN el &

Schmitt, op. eit., p. 65.

e B S S
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- ‘-‘,,,4 :"'.: e ‘

335chlaifer, op. cit., pp. 160-169.

ron
- %




e

i - - T 2 e SR
T e o

ettt

s o R B 0t

162 *
red-dotted. Thus, if a ball is drawn, and it is red, this
event provides new information. This occurrénce may be used
to revise the prior probabilities by the application of the
conditional probability and Bayes' Formula:
P(S| R) = —B(SsR) = P(S) PRI §)
P(R) P(s) PRI S) + P(D) P(R| D)

Bayes' Formula is applied to the urn example in Table 16.

The probtability of a striped ball, given red is drawn, is
sought. The new information that the ball which was drawn
was red has permitted the probability of a striped ball to be
revised from .6 (prior probability) to .33 (posterior proba-
bility). For the two-program example f;om Figure 21, the
methodology is applied in Table 17. The unconditional prob-
ability of a cost growth is .40. The new information that A
has been selected changes'the probability of a cost growth
from .40 to .375. Thus, the independent derivation of eco-
nomic program cost estimates may be used to compute the like;
lihood of a cost growth. Continuous screening of environ-
mental information is important. An evaluation of feedback
data may reveal facts which permit the revision of initial
probabilities. Efforts, such as those considered in this

Chapter, may contribute to the reduction and resolution of

cost uncertainties in government contracting.
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TABLE 16

REVISION OF PROBABILITIES
%

Event P(E)  P(R|E) P(E,R) P(E|R)
' Striped Ball .6 g2 .12 “12/.35 = .33
Dotted Ball RN .6 24 24/.36 = .67
- 1.0 .36 1.00
TABLE 17

REVISED PROBABILITY OF A COST GROWTH
%—_—__—_-_——_

Proba- , Event Joint ° Posterior
Event bility P(Cost Growth) Prob. Prob.
A . 5 -3 Lol 1 5 : '375
B o 5 - 5 O25 - 675

1.0 0 1.000
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CHAPTER XI

- CONCLUSIONS

In recent years much attention has been piaced on
the subject of cost growths. Uncertainties exist relative
to program costs, delivery dates, and product reliability.
Delivery schedules and reliability are directly related to
costs. If a contractor is willing to expend unlimited funds,
then the delivery schedule can be accomplished with the re-
quired degree of product quality. Howevgr; unlimited funds

are not generally available. Thus, the need is for a con-

. ceptual cost model to assist the government and its con-

tractors in coping with uncertainty parameters which could

affect the costs of a sole-source, negotiated, developmental

‘contract. The type of contract used to support a given pro-

gram is at present the primary technique used to cope with
cost uncertainty.

Environmental changes require weapon systems be modi-
fied to conform fo the current technological st#te-of-the-

art. The process leading from an idea to a system component

or system may be thought of as a constantly evolving

164




spectrum. The continuum originates with the research stage
and progresses through exploratory and advanced development
to engineering development. The nature of the speotrum is
dynamic. New ideas have their genesis at each stage of the
spectrum, so the continuum is constantly being expanded.

The research and .development spectrum exists in an environ-
ment characterized by'technological,'cost, and other related
uncertainties. The unknowns are greatest in the research
stage, and decrease as a program passes across the specfrum.
A monopolistic market felationship results from the high in-
cidence of sole-source procurements. Thus, competition is
not a stimulus which will regulate the formation of cost
estimates. Instead, negotiations must ;ttain the goal.
Government procurements may be placed by either advertising
or negotiation; Research and development programs seldom .
conform to the criteria for formal advertising. Thus, they
are piaced by moans of'negotiation.

The research and development continuum encompasses
research, exploratory development, advanced development, and
engineering development. With the addition of productioﬁ and
operational deployment, the total weapons acquisition process
emerges. From a contractual standpoint, the weapon acquisi-
tion process can be segmented into four phases. These
phases are concept formulation, contract definition, engi-
neering development, and production gnd operation. From a

historical perspective, the weapons acquisition process
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evolved from a simplistic process efﬂected in é simple en-

vironment to a complex procedure that has td be conducted in
a highly-structured milieu. The military products‘gvolved
from general ones used by the majority to complex ones used
qﬁly by a minority; The products are used in small quanti-
ties and must be manufactured by specialized firms. This

factor gives rise to the need for the contractual relation-

- ship. At each interface between a procurement phase, a con-

tract or contracts will be negotiated. Each contract will
have a life cycle. The cycle is comprised of the steps,
contractor proposal, requirement validation, procurement
planning, contract negotiations,. contract finalization, con-
tract administration, and contract élos;re. Concerning cost
uncertainties, two aspects of the procurement cycle are of
signal importance. Cost growths occur over time during con-

tract administration. However, factors considered when the

~contract was negotiated may cause cost variances. For pro-

curement planning, a distinction must be made between cost
andlprice analysis. Cost analysis envisions a detailed anal-
ysis of the elements contained in a prospective contractor's
cost proposal. Evidence supports the contention that an un-
warranted degree of confidence is placed in cost estimates.
However, considering technical unknowns, and the possibility
of environmental change, future cost variability is almost
inevitable. The decision maker needs to insure that every
effort will be made to reduce the cost uncertainties inher-

ent in a given research and development program.

s
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The structure of the defense industry has evolved

based on implosive inputs of a political, social, and eco-
nomic nature. The defense industry is composed of those
firms which sell products and services either. directly or
indirectly to the Department of Defense. Many political,
soéial, and economic facto:s have had a deterministic impact
on the structure of the industry and accrue from the rela-
tionship between the Department of Defense and its contrac-
tors. The large number of sole-source, negotiated procure-
ments would seem to validate a bilateral monopoly relation-
ship. Economic forces interact to create a rélationship
that sets the defense industry apart from the éeneral busi-
ness community. Six basic interrelated factors comprise the

. economic forces: (1) absence of competition, (2) demand un-

certainty, (3) geographical concentration, (4) production
dependence, (5) industrial specialization, and (6) external
and internal uncertainty. The political and social elements
relate to the legal resttictions placed on the industry by
the legislative and the judicial branches of the government.
In the final analysis, the industry characteristics result
from the nature of uncertainties or~from the efforts that
are taken to cope with them.

From a simplistic frame of.reference, uncertainty is
the absence of 1ﬁformation. The uncertainty spectrum rangeS
from certainty with complete knowledge through risk with in-

complete knowledge to uncertainty with the absence of
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knowledge. Uncertainty and risk can be treated as syncnomous

terms. Various terms have been.used to catégorize and de-

scribe the type of uncertainties which have been igentified

and observed. The terms may be classified into four tax-

onomic classest environmental, functional, informational, and

technical. From these classes, a taxonomic definitional tree

may be derived. 'In terms of the degree of knowledge present

for a varigble, uncertainties may be categorized as either

anticipated or unanticipated. Each of these can be labelled

relative to its origin. The terms, exogenous and endogenous

were used. For example, unanticipated exogenous variables

would be those external to the organization and unknown to

the decision maker. In relation to thé.phases of the weapons |
~ acquisition process, uncertainty is resolved over time. As a

scientific concept traverses the spectrum, information is

gleaned from each stage which permits successful solution of

tﬁe emergent problems. Information may be thought of as a

commodity. In this sense, information may be described and

measured. Information i; the input commodity for a manage-

ment information system. It should possess the character-

istics of objectivity, wvalidity, reliability, relevance,

completeness, usefulness, organization, and recency. The

degree of uncertainty present in a situation increases in
direct'proportion to the number of unknowns involved and the
distance into the future of the contemplated events. Thus,

uncertainty is a direct function of time. Change is a
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constant in the environment. Change is predicated on time.

Fluidity and movement characterize time. The goal is the

o

reduction and resolution of uncertainty over time. Uncer-

.

_tainty can be eliminated either by taking definite action to

reduce it or by tfénéferringAthé‘risk:to%bthers. Thus, in
fhe government-contracting relationship, uncertainty can be
transferred to the contractor or the risk may be shared, and
action taken by both parties %o reduce its magnitude. Two
measures of uncertainty can be used. First, probability can
be used as a measure of uncertainty. Then, the probability
distribution for a given random variable as related to the
dispersion of values around the expected may be used to de-
rive probabilities that a certain valué of the variable will
occur. Studies have shown that individuals exhibit varying
attitudeé toward risk. Cardinal utility théory may be used
to measure an individual's attitude toward risk- Thrge cate-
gories of individuals relétive to risk preference have been
identified and labelled as risk averters, risk seekers, and
risk ignorers. Individual utility theory has its bases in
economic theory and is finding limited acceptance. However,
the concept of a group utility function has not found as
many advocates; The reduction and resolution of uncertainty
can be expensive. The question is how much time and re-
sources are thé pertinent parties #illing to pay for the re-
duction of uncertainty. As a rule, new information should

be sought, so long as the marginal return exceeds, or is

VRPN
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equal to, the marginal cost of the effort. As startling as
it may seem, a cost growth for a specific contract may be
less costly than the actions which would have to bé taken to
preclude its occurrence. o

. ' 'The military services have attempted toc cope with
uncertainty by the use of incentives and contractual arrange-
ments. Degree of risk beéring by contractors has been a key
determinant of the profit allowed on an individual contract.
Theoretically,'the more‘uncertainty borne by the contractor,
the larger the profit permitted. Tentative findings seem to
indicate that contractor negotiators are risk‘averters.

They are willing to accept a lower profit with a greater
sharing of the risk between the two pér;ies. The sharing of
risk between the government and the contrac;or is reflected
by the type of contract used to support developmental pro-
grams. The contract types available for thié purpose range
from the firm-fixed-price contract to the cost-plus-fixed-
fee one. The firm-fixed-price, fixed-price-redeterminable,
fixed-price-incentive-fee,»cost-reimbursemeﬁt, cost-plus-
incentive-fee, and the cost-plus-fixed-fee contract types
were considered in some detail. The contractor bears the
highest degree of risk under the fixed-price contract, and
the lowest under the cost-plus-fixed-fee type. The fixed-
price-redeterminable contract type is seldom used by the .
government. The claim is that sin-ce the contract is subject

redatare nation at periodic intervals the contractor is
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énccuréged to operate ih an inefficient manner and to incur
unnecessary costs. The validity of such a charge for a given
contract would depend on the adequacy of cost visiﬁility and
control. If proper control can be maintained, this type of
qqntract may be'thé answer for the support of high-dollar-
developmental procurements. ' In a free-enterprise economy,
profit maximization is considered to be the goai of the in-
dividual firm.- Profits need to be related in direct propor-
tion to the magnitude of the risk borne. The profit incen- -
tive as related to incentive contracts was examined. Data
indicated that incentive contracts have not been overly ef-
fective in coping with the cost-growth problem. Highly-
disperseq profit distributions in an inéustgy reflect the
high'deg:ee of risk. Shoﬁld firms consistently take high

risks and not be rewarded, then they will either exit the

 industry or go out of business. Numerous departures could

result in'a detrimental loss of productive capacity in indi-
vidual technical areas. For the government, the profit
policy objective is to provide the contractor with an oppor-
tunity to earn a fair and reasonable profit. Fair and rea-
sonable has meaning within the framework of the environ-
mental factors for a given procurement. No reason exists to
expect the profit for an advanced development contract to
conform to an average figure. The final figure must be based

on an analysis of the unique combination of factors for the

specific program being negotiated. Controversy has existed
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over the actual level and trend of profits for defense con-
tractors. In general, profit levels have fallen. This fact

has led to a flight of capital from the defense industry.

These conditions have been acknowledged, and it is anticipated j
that the profit rates on defense contracts will increase in

the future.

Technically, a cost growth occurs when actual cost is
greater than the initial estimate for a program. The very
nature of'sciehtific exploration as encompassed by the re-
search and development spectrum tends toward cost-prediction

errors. The initial estimates for a contract which are ‘ 1

based on projection of costs into an ugknown future are sub-
ject to a large degree of error. Cost growths are not the
exclusive domain of the Department of Defense. From agtiq-
uity, a Roman example was considered, as well as some modern
ones where commercial ventures have experienced cost growths.
The causes of éost growths were classified'as either preac-
tivatiqn or activation. Preactivation refers to the time
period between technical and cost proposal preparation and
the»time the contract is signed by both parties. Activation .
refers to the part of the procurement cycle which includes
contract administration and closure. The cauSes'of cost
growths as reported in the literature were listed ip Table
5, beginning on page 88. Each factor was then discussed.
Historically, the FFP contract has been the type of

support document deemed most desirable to procure supplies
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and services for the government. Related to this preferenée

was the emphasis placed on formal advertising as the preferred

process for placing contracts. The combination did not serve

well as supporting mechanisms for scientific programs. _The
multiple uncertainties inherent in research and development
programs contributed to cost growths. A representative
sampling of the efforts to cope with cost growths was ex-
amined. The attempts were classified under the headings of
preactivation, activation, and environmental patterns. Pre-
activation measures considered techniques, such as type of
contract, the "Should Cost" concept, design policy, con-

tractual provisions, stimulation of competition, and multi-

year procurements. Activation techniques included delegation

of additional authority to program managers, control of de-
sign changes, use of mathematical science techniques -in the
management process, the Value Engineering Program, growth of
management systems, imﬁroved financial status of contractors,
and efforts to rate cont@actor performance. Under the en-
vironmental patterns heading, factors were considered, sucp
as centralization and decentralization of decision making,
the implementation of the program definition phase, the total
package procurement plan, and commonality. One measure of
cost performance effectiveness for contractors is to compare
the actual program costs with those estimated for the pro-
gram initially. Three sample time periods were examined to
determine if a trend could be detected. The trend disclosed

o
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was-dne of increased cost growths. Thﬁs, over the twenty-
year period examined, ﬁeasures to reduce cost growths have
‘apparently not been too effective. ;

Four parameters and their interactions emerged as ’ ; E
the key conceptual issues.‘ The parameters were time, uncer-
tainty, information, and cost. In communication theory, in- |
formation relateé to the number of choices available to the i
decision maker, or to the number of possible events that

could occur. Thus, this term does not encompass meaning.

S

The exXpression, informational efficacy, was adopted to convey
meaning or value. Entropy is a measure of the amount of in-
formation in a system; in particular, iP encompasses the
number of choices available to the decision maker. Entropy

. relates to the degree of randomness of the information, not : i
to informational efficacy. As entropy increases, information
increases, uncertainty increases, freedom_of choice increases, ;

but the informational efficacy decreéses as-related to a

specific data source. Iq a closed system the tendency is

for entropy to increase. What is needed is a source of nega-
tive entropy to counter this propensity. In other words, the
informational efficacy of the data in the system needs to be
augmented. As the entropy or number of choices increases,
the total uncertainty in the situaticn increases. The amount
of uncertainty as to the occurrence of any individual event
can be measured by probability. The factor permits the en-
tropy for a probability distribution to be measured. These
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concepts in conjunction with the concept of economic cost
permitted a conceptual cost model to be devéloped, A key as-
sumption of the model was that the effective cost for a de-
velopmental pfogram may be represented by the ratio of target
costs to the informational efficacy of the data in a closed
system. Manipulation of the conceptual cost model demon- :
strated several principles. As the level of informational
efficacy increases, the costs for a developmental program de-
crease. Over time, the cost for informational efficacy in-
creases at an increasing rate. This cost is essentially the
price of program administration. These cost relationships
imply that a total economic cost approach is imperative.

Suboptimal decisions can occur, if the economic program cost

_1s considered in isolation. Rather, the total-cost approach

is the touchstone. The total-system approach dictates that
tota; economic cost will be minimized. 1In this context, a
cost growth may be warranted if the over-all tost will be at
a minimum. The role of tpe management information system is
to provide proper cost visibility. The characteristics of an
effective management 1nforhation’system were consideged. .A
computer program may be developed to simulate the contract
administration process as reflected by the conceptual cost
model. The paramete:s of time, cost, uncertainty, entropy,
and informational efficacy may be manipulated to simulate
various worid'states. Basically, simulation permits the

identification of successive states of the situation by the
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-

repetitive application of the rules that govern a system.

Using the model, no magic number can be derived for the future
cost of a program. The best estimate will still i#trinsically
incorporate an indeterminate measure of uncertainty. The
value of the model relates to its explanatory capabilities.
The model illustrates the relationship between program cost
:;; and the disorder‘in a contract administration system. This
disorder is created by warp factors in the current and fu-
ture environments. The objective is to better understand
cost growtﬁs and their causes. The logical consistency of
the assumptions of the model were checked by symbolic logic.
They were found to be logically consistent.

A.methodology.for the evaluatioA of cost estimates
for developmental programs was examined. The preparation and

evaluation of cost estimates to a degree is an art, not a

e

science. However, management and financial sciénce tech- .
niques can aid the decision maker in the process of orderly
.1. and logical thinking. Thp objective of such techniques is to
gj reduce uncertainty, rather than its complete elimination.
' { Three techniques used for the estimation of costs were
K| ;

examined briefly. The three approaches are the industrial

i R

engineering, statistical, and analogy. For most situations
statistical procedures are preferred. This preference ac-

crues primarily from the flexibility and generality of the

i
E |
||

i ‘ approach. Some aids to cost analysis were considered, such

£
f
£
i
i
||

as the 80-20 Rule, the law of large numbers, and the fallacy
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of composition. The conclusion emerged that cost and risk

analysis should be combined into cost uncerfginty analysis,
and each aggregate cost estimate should include a #ection
which evaluates cost uncertainties. The decision tree, a
graphical-sequential technique, was adopted as a decision
tool. The application of probabilities to the decision-tree
choices permitted the calculation of the probability that a
given event will occur. New information which reduces the
degree of uncertainty will often lead to the revision of
probabilities and permit the individual to modify his previous
decision. Bayes' Theorem was applied to illustrate the ap-
proach. The value of new information gathered for the re-
duction and resolution of program uncer;ainty was demon-
strated. Also the use of an 1hdividua1's utility function

as an aid to decision making was considered. In conclusion,
the impossibility of eliminating uncertainty in the decision-
making environment is acknowledged. However, the efficacious

manager will take action to reduce it to a minimal level.
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| e e GLOSSARY -

g thm: A sequential procedure for performing a mathe-
: | matical routine in a given number of steps.

b m&w&u: The principle requires
k| that decisions in a sequence must maintain the
: integrity of the initial decision. A necessary as-
. . , sumption is that the initial deé¢ision established

b | an optimal policy.

Biag Effec : The contractor inflates the target cost for an
incentive contract. A contract underrun is caused
by this inflation of cost estimates, rather than by

cost reduction efforts. .
Buy American: A congressional Acf'that requires items ‘

purchased for public consumption to be mined or pro-
duced in'the United States. ;

Certainty: Each decision leads to a predictable outcome. No
doubt as to the final outcome is possible.

Cost Optimism: A contractor bids low in an effort to con- :
‘vince the contracting agency that a program's costs
are low enough to be funded.

Cost Visibility: Management efforts are expended to insure
that program costs are known and under control.

25113_55%93: An Act governing the payment of wages under
ov

ernment construction contracts. Substandard
wages are prohibited.

angg;g_ggggggfging: An orderly approach for searching out
a specific sequence of decisions which optimizes some
~pre§erined objective function.
Engagement: Continuous communications are maintaine& with a
:on{ractor in order to effect adequate program con-
rol. :
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Entropy: The term encompasses the number of choices avail-
able to a given decision maker. :

Heuristic: The term involves the systematic use of trial and
error methods for obtaining solutions to problems.

Incentive Effect: Cost reduction and control are the goals

o) centive contracting. The incentive for the
contractor is increased profits. The incentive
effect is operative when increased profits result

_from contractor efforts to control and reduce costs.

Information: The term relates to the number of choices
available to the decision maker. The amount of
information is measured by the logarithm of the
number of available choices.

Informational Efficacy: This expression refers to the con-
tent or meaning of a unit of information. It is
synonomous with order in a closed system.

Negentropy: A measure of the amount of informational ef-
ficacy present in a closed system.

Risk: The totality of outcomes for a given variable can be -
described by a probability distribution.

Stochastic Process: A random process which leads to more ¢ bl
than one possible outcome. The possible occurrence . 1
of any given outcome is uncertain.

Uncertainty: The known is.completely dominated by the un-
known. The probability distributions for future
- events are not known. A

‘Walsh gea1e¥: An Act passed by Congress in 1936 that p-o-

hibits the payment of substandard wages to workers

under the provisions of Government supply contracts.

It provides the same coverage for the supply area

that the Davis-Bacon Act guarantees to construction

workers. : N

Warp Factors: The term includes environmental factors, such
as excessive wage settlements, unexpected technical
problems and communication problems, which are at
best only partially under the control of the program
manager for a given contract. i o




