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{/ Preface
/ Al

This study 1s the result of my attempt to prepare
a historical analysis of the three major Department of |

Defense efforts developed to control costs in the |

acquisition process., Some might argue that other
concepts, such as Value Engineering, PIECOST, ¢r Should
Cost, should be lncluaed. howeverfﬁfsgileve&that the
ones presented here represent the approaches most
relevant to individuals involved in program control.
The concepts analyzed include Total Package Procurement,
Life Cycle Costing, and Deslign to Cost.

The study 1s directed toward the individual with
little knowledge of the concepts. It is designed to
prcvide the reader with a general knowledge of what each
concept 1s, when it 1s used, what some major ground-
rules governing the concept's use are, and what some
of the significant strengths and weaknesses of the
concept are,, Consequently, not all of the specifics
concerning ea concept are included. Additionally,
the bibliography 1s, while not all inclusive, of
sufficient breadth to enable the reader to find the
specific detaills \he may desire concerning any of the
concepts.,

I assume full responsibility for any errors that

may be present in this study.

Joseph R. Busek, Jr,
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Abstract

The objective of this study was to accomplish
a comprehensive historical analysls of Total Package
Procurement, Life Cycle Costing, and Design to Cost.
These concepts were developed in the Department of
Defense as attempts to control the increasing costs
assoclated with the acquisition and ownership of
weapon systems. The analysis includes a tracing of
the evolution and definition of each of the concepts,
identification of major criteria for use of each of
the concepts, consideration of the application of each
of the concepts during the acquisition life cycls of
a system, ldentification of the major strengths and
weaknesses of each of the concepts, and a comparative
analysis of the concepts.

In 1964 Total Package Procurement was the first
concept introduced specifically to attempt to control
acquisitions costs, Its main objective was to eliminate
cost overruns in the acquisition process, (t proposed
to accomplish this by competing the development,
production, and support of a system in a single contract,
which was to be firm fixed price. However, the concept
was eliminated as an acquisition approach in 1970 due
primarily to problems encountered during its use on

the C-5A transport program.

vl



.

o A YD SR i AT B A OS5 N - we g s B tns.

GSM/SM/765-3

The next concept analyzed was Life Cycle Costing.,
The idea of considering life cycle costs in acquisition
was seen in Government Accounting Office decislons as
early as 1929, but the concept did not receilve emphasis
until the 1960's, Its objective is to attempt to
determine .the total costs of acquisition and ownership
of a system and then use this information as an aid
in decislions concerning acquisition. It is an integral
part of Total Package Procurement and Design to Cost.
It is limited by its dependence on accurate data for
its cost estimates.

The concept developed to replace Total Package
Procurement was Design to Cost. It was formally
introduced in 1971 in Department of LCefense Directive
5000.1 and is now required for use on all major and
less than major programs, unless a walver is granted
for specific reasons. Its main objective is to obtain
a system with acceptable performance at affordable
costs., It accomplishes this by requiring that cost
goals be established for the production, operation and
support of the system.

These concepts have been effective in the restraint
of cost growth in the acquisition process. Tctal
Package Procurement reduced cost overruns significantly.
The few examples cited for Life Cycle Costing in this
study alone show savings 1in excess of 4100 million.

Design to Cost has demonstrated that systems meeting

vii
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performance requirements can be designed to meet cost
goals., Refinements in Life Cycle Costing and Design

to Cost, as more is learned about each concept, should
continue to increase the effectiveness of these concepts
in achieving their goal of controlling the total costs

of a weapon system.
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I. Introduction

Three key Department of Defense cost control concepts
have been developed in the past 15 years. These concepts
are Total Package Procurement, Life Cycle Costing, and
Design to Cost. Each concept was developed in the
Department of Defense specifically to attempt to control 1
the increasing costs associated with the acquisition and ]
ownership of weapon systems. This thesis will be directed

towvard an analysis of these concepts,

ObJjective
The obJjective in this thesis will be to accorplish

a comprehensive historical analyslis of Total Package
Procurement, Life Cycle Costing, and Design to Cost.

The speciflic subobjectives to be used to accomylish

the goal of the overall obJjective are as follows:

a. Trace the development and evolution of each
concept in terms of historical background up to current
status and definition.

b, Identify the criteria for use of each concept.

e oy

c. Identify when the concept 1s intended to be
applied during the acquisition life cycle of a system.

d. Identify the major strengths and weaknesses
agssociated with the utilization of each concept.

e. Perform a comparative analysis of the concepts.

|
|
]
é
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Methodology

The methodology used to accomplish the thesis
was a comprehensive research of pertinent llteraturé
concerning each concept. Sources of information included
Journal articles; Department of Defense Directives;
Department of Defense guides and handbooks; Government . i
Accounting Office reports; special reports; Air Force

regulations; Alr Force Systems Command and Loglstics

Command pamphlets, reports and briefings; theses; and
other professional studies.

These sources were then used to accomplish an
analysls of each of the concepts ildentified in the
obJjective, The research approach consisted of an
overview analysls of the material followed by
ldentification of key points in each document, The
key points in each document were then evaluated to
determine 1f they should be used in the study based
on the writer's assessment of how the item aided in
achleving the writer's objective,

An example of how the analysis was accomplished
is provided for Design to Cost,

a., The background of thls concept will be
traced from development to present form. The many
interpretations of the definition of the concept
wlll be presented including how this a’fected use
of the concept.

b. The next step will be to develop a set

of criterla for the concept. These will be
synthesized from the researched literature,
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c. Next, the point in the acquisition life
cycle where the concept must be specified will be
examined.

d. The strengths and we:inesses of the concept
will be presented., Specific examples will be cited.

e. Finally in a separate chapter the concept
will be compared with Total Package Procurement
and Life Cycle Costing.
Results

This thesis will provide a current analysis of
three key Department of Defense cost control comn.epts,
which have been or are being used in the acquisition
of new weapon systems, This thesis will provide a
comprehensive development of each concept which will
enable the reader to obtain a working knowledge of
each concept, This thesis will provide the reader
with a general outline of what the use of each concept

involves for him,

Assumptlions

The following assumptions were used in this thesis:

a. Total Package Procurement, Life Cycle Costing,
and Design to Cost have been the principal approaches
developed to establish control cver increasing costs,

b, Cost control will continue to be of major
importance during the foreseeable future. Consequently
the effective manager needs to xnow what approach he is
using and why he is using it, so that he can make

intelligent decisions.
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Definitions

Certain terms used in this thesis have been defined
in different ways by different writers. In order to
avold misinterpretation those terms are now defined

as they wlll be used in this thesls.

Acquisition Life Cycle - It consists of five
phases (Conceptual, Validation, Full-Scale Development,
Production and Deployment) with three key decision
points (Program, Ratification and Production Decision)
between each of the first four phases (2:i4).

Conceptual Phase - Initial period when the
technical, military, and economic bases for
acquisition programs are established through
comprehensive studies and experimental hardware
development and evaluation (2:4).

Validation Phase - Period when major program
characteristics are refined through extensive
study and analyses, hardware development, test
and evaluations. The objective is to validate
the cholce of alternatives and to provide the
basls for determining whether or not to proceed
into Full-Scale Development (2:4),

Full-Scale Development Phase - Period when
the system/equipment and the principal items
necessary for its support are designed, fabricated,
tested, and evaluated. The intended output is,
as a minimum, a pre-production system which closely
approximates the final product, the documentation
necessary to enter the production phase, and the
test results which demonstrate that the production
product will meet stated requirements (2:14),

Average Unit Flyaway Cost - The cost per unit
which includes, as appropriate, those costs
experienced in the procurement of the basic unit
to be fabricated (airframe, hull, chassis),
propulsion equipment, electronics, alrborne weapons,
armament - fire and bombing systems, other government-
furnished property, engineering changes and first
destination transportation. Excluded from this
cost are all initial spares and spare parts and
training requirements (1:39).

L N ey 3 S s T e S e B e b
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Several definitions were analyzed for each cost
control concept, The following definitions were selected

as the ones best revealing the essence of each concept.

Total Package Procurement - Concept concelived
by the Alr Force that envisions that all anticipated
development, production, and as much support as is
feasible of a system throughout its anticipated
1ife is to be procured as one total package and
incorporated into one contract containing price
and performance commitments at the outset of the
acquisition phase of a system procurement (84:3).

Life Cycle Costing - The consideration of
life cycle costs, or segments thereof, in varlous
decislons assocliated with acquiring an item of
equipment or defense system (4:i11),

Life Cycle Cost - An acquisition or procurement
technique which considers operating, maintenance,
and other costs of ownershlp as well as acquisition
price, in the award of contracts for hardware
and related support. The objective of this
technique is to insure that the hardware procured
will result in the lowest overall ownership cost
to the Government during the life of the
hardware (46:1-1),

Design to Cost - As a philosophy Design to
Cost means the control of system acquisition,
operating and support costs; example - managing
the 1life cycle cost, As a quantltative contractual
goal, Deslgn to Cost in general practice 1is
defined as the average unit flyaway cost with
visibllity maintained in parallel with the total
life cycle cost (11;:1),

MG o TS > i e =0 Lo R

Caatner  didhme-fume-



|
%
]
i
!

II. Background

Apprecliation of why cost control has become -~
significant factor in acquisition strategy requires
an understanding of past acquisition processes.
Consequently this chapter will trace acquisition in the
Alr Force from its earliest days to the present where
cost control has become a prime objective in the Department

of Defense.

Development of Acquisition Philosophies

The Early Days. The genesis of what has subsequently
become known as "weapon system", “program", or "system
acquisition” management began in the mid-1920°'s at
Dayton, Ohio., At that time a Materiel Division to the
Army Air Corps was created which included the functional
management of experimentJI engineering, procurement,
production engineering, and supply and maintenance (63:12).

Thlis functional management approach meant that
individual groups were f{ormed with responsibility for the
individual parts of the system. This meant that there
were separate groups concerned with armament, power
plant, production engineering and electronics (55:193).
This type of acquisition strategy resulted in several
problems, The first was a lack of weapon system

appreciation. Each group was concerned with its own

specific part, so that as the system passed through the




acquisition 1life cycle performance suffered, costs

increased and delays occurred. A second problem was

inadequate reliabllity. Finally there was a lack of

thorough and timely development of logistic support

systems (87:161), The B-47 airplane, in one writer's |
view, highlighted the deficlencies of an acquisition _ é
process with little or no centralized control over the :
total system. In reviewing the history of acquisition ;
management at that time he commented: “The difficulty

in obtaining B-47 aircraft in which all component parts

functioned in unison for an acceptable length of time
was a case in point." (63:16).

The Systems Approach. Partly as a result of the j
lessons learned from the B-47 problems the Ailr Force
initiated the concept of the complete weapon system.

A complete system was considered to be one in which

the alrcraft or missile, its components, supporting
equipment, and USAF activities to implement its use

would be planned, scheduled, and controlled, from

design through test, as an operating entity. The
§ obJjective of this approach was to ensure, as far as
possible, that a balanced and complete combat-ready
weapon system would be produced and ready for use when

" needed by the Air Force (63:16).

P e g p31 N et

Concurrency. The next significant develiopment

in acquisition strategy was the use of the "Concurrency"

approach to system development. This approach was
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developed in the late 1950's in response to the
perceived threat of Soviet advances in missile
development. Concurrency was a strategy which required
the overlap of the development, testing, production,
and operational cycles. The objective was to shorten
development lead time and increase the operational
life of a weapon system (68:1237-250). What it also
meant, without saying it, was that the prime objective
was to get a system operational in the shortest
possible time without regard for the costs involved.
This caused substantial cost overruns in systems
developed using the Concurrency strategy. It also
tended to eliminate the use of prototypes, which had

been used since the 1930°'s.

he McNamara Influence - Cost Control

In 1961 Robert McNamara became Secretary of Defense.
Almost immediately there was a shift from the rapid
development of systems to a least cost approach, This
writer has identified two reasons for this shift, First,
the threat that caused the rapid development of new
systems 1n the late 1950's was determined to have been
less than previously thought. Second, McNamara‘'s
business background empnasized the development of a
product for the minimum possible cost. He apparently
believed that the Department of Defense could be managed

the same way (86:2), Paper assessments were used as the
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primary method to determine whetner or not to develop

a particular system. These paper analyses were substituted

for the production prototype development processes, -

which were used earlier (87:161),

Total Package Frocurement. Concurrency had resulted

in cost overruns of up to 700 per cent (61:16). Mr,
McNamara intended to eliminate this problem. This
commitment in turn led to the development by Mr. Robert
Charles, then Assistant Secretary of the Air Force
(Installations and Logistics), of the Total Package
Procurement concept., He first identified this concept
in mid 1964. One of the basic objectives of the concept
was to reduce costs over the development, production,
and support cycles of a system's lifespan.

Life Cycle Costing. Up to 1964 the idea of considering
the total costs assoclated with a project had received
attention, but little action, The development of Total
Package Procurement changed this view. One of the
prerequisites to successful implementation of Total
Package Procurement was development of an estimate of
total 1ife cycle costs. Consequently substantial efforts
were initiated within the Department of Defense to
develop accurate assessments and estimates of what the
total costs would be for a system while it was still
in the conceptual or validation phases of acquisition.

The first major system to be acquired using Total

Package Procurement was the C-5A transport. At the
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time Total Package Procurement was applled to the C-5A :
it seemed that the aircraft represented precisely the ,

type of program to which the concept should be

applied (61:x11). However this was not the case. One
of the results of the C-5A problems was to discredit
the Total Package Procurement concept as a means to
acquire new systems,

Design to Cost, Although Total Package Procurement
was discredited, cost control still remained a major
objective within the Department of Defense., As a result

two actions occurred., First, the use of prototypes and

contractor fly offs regained acceptance as one means

to ensure a system would satisfy requirements before
production funds were expended. Second, a new concept
to control costs was developed. This‘Was‘Desisn to Cﬁst.
Development of Design to Cost completes the evolutlon
of cost control concepts to the present. Design to
Cost represents a stated requirement to place cost on
an equal basis with performance and schedules as a
parameter in system acquisition. The concept also
emphasizes a need to consider total life cycle costs
in the eérly stages of the acquisition 1life cycle.
This brief history has shown that cost as a major
consideration in systeﬁ acquisition had not entered
the picture until the 1960's. It has also shown that
three principal concepts have been developed to attempt

to restrain cost growth in system acquisition and

10




ownership. These concepts are Total Package Procurement,
Life Cycle Costing, and Design to Cost.

In subsequent chapters each of these concepts will
be analyzed in detall. First they will be studied
individually and then they will be compared against
eacp'other to see how they differ and also how they

are similar,
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III., Total Package Procurement

The Total Package Procurement concept represented
the first major effort by the Department of Defense to

impose cost control in the acquisition of new defense

-systems., In the time prior to Total Packaze Frocurement,

contractors had competed only for the development portion
of major acquisition programs. By the early 1960°'s
this competition was mostly limited to a design or
technical competition with little or no hardware belng
built (84:10).

Once a contractor won the development contract
the expertise he galned resulted in additional development
or production contracts generally being negotiated in a
sole source environment. The resultant lack of competition
caused l1little incentive to control costs, as the
additional development and production contracts were
negotiated., One restlt was cost overruns, where costs
exceeded estimates. In one case costs exceeded
estimates by approximately 700 per cent (61:16). It
should be emphasized that the overruns did not result
solely from the lack of competition. There were other
factors, such as changes in performance requirements
during development and production that contributed to
the overruns, but the sole source environment was a
contributing factor. The intent of Total Package

Procurement was to extend contractor competition to

12
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the production and support areas as well as development.

It was bellieved that this would reduce part of the
previous cost overruns.

This chapter will review the Total Package Procurement
concept for two reasons., First, the concept represented
the first major effort to initiate cost control in
systems acquisition. The second 1s that the later
concepts of Life Cycle Costing and Design to Cost
follow many of the criteris established in the Total
Package Procurement concept and have some of the same

strengths and weaknesses, as well.

Historical Evolution

In the late 1950's Soviet advances, such as
Sputnik, caused concern in the United States. The
result was a rapid and substantial development of
military capability in the United States (63:11).

The acquisition strategy developed to accomplish this
rapid development of new systems was "Concurrency.”

Under Concurrency acquisition of a system was accomplished
in a parallel fashion where development, testing,
production, and deployment might be occurring at the

same time (68:240), This strategy resulted in cost
overruns from original estimates. However an additional
reason could be advanced for part of the overrun problem,
This reason was a lack of competition., Competition was
generally limited to the contract definition phase of

acquisition.

13
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In the 1960's, when Total Package Procurement was
developed, the phases of acquisition were different
than they are today. The first phase was a concept
formulation phase where extensive parametric studies
were accomplished to define performance requirements
for a system. The next phase was termed contract
definition. During this phase contractors qualified
to submit bids were determined by the government.
Qualified contractors were then invited to participate
in the program. If a contractor decided to participate,
he was given funds by the government to develop a design
and bid. The contractors®' designs and bids were then
evaluated by the government., A winning contractor was
selected and the final phase of acquisition entered.
This phase included development and production.

Figure 1 shows this acquisition flow (61:31).

In 1964 a new program to reduce cost overruns was
developed. The new program was called Total Package
Procurement. Mr. Robert Charles, then an Assistant
Secretary of the Alr Force, introduced the program.

In speeches concerning the new Department of Defense
approach to acquisition, Mr. Charles euphasized the
following basic points,
*,...under appropriate circumstances, we chould
move much more in the directlion of competing entire

programs -~ development, production, and the support
that goes with a system - at the beginning" (22:46),

14
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He also indicated that use of a Total Package approach
would (1) reduce "buy-in" bidding and (2) provide a
needed spur to emphasize simplicity and economy cf
design during the development stage (22:46). The temm

*buy-in" meant that a contractor would bid a price

substantially less than anticipated costs or at a
very low profit level on development contracts., After
he won the 1nitial contract the contractor would recover
his losses during negotiations for the contracts for
continued development and production of the system (84:10).
Finallv Mr. Charles concluded that under a Total Package
Procurement concept:

*...the contract target cost for the entire

program, having been established competitively,

would remain firm throughout the contract, except
for changes in the work itself® (22:46),

Basically Total Package Procurement was designed
to (1) extend competition beyond the design stage of
a system's development, (2) establish firm performance
requirements, schedules and production quantities for
a system at the beginning of the contract definition

phase, and (3) levy a firm fixed price on the contractor

who received the contract.

In approximately this same time frame the Air
Force was actively considering development of a new
heavy transport aircraft. As studies for the alrcraft

continued, it was determined that the transport might

16
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be a candidate for use of the new concept. Former

Alr Force Secretary Zuckert concurred and recommended
use of the concept on the program to the Secretary of
Defense. In February 1965 the heavy transport aircraft
(the C-5A) was formally designated as the first user
¢f the Total Package Procurement concept (61:125).,

In September 1965 Lockheed was awarded the contract
for the development and production of the C-5A. The
contract included special provislons directed toward
implementing a total package procurement. These
provisions or clauses were designed to malntain three
kinds of contractor commitments--clauses to maintain
price commitments, clauses to maintain performance
commitments, and clauses to maintain schedule
commitments (84:11), The contract was also firm fixed
price plus incentive fee, '

Other programs, besides the C-5A, used the concept,
These included the Short Range Attack Missile (SRAM),
Fast Deployment Logistic (FDL) Ship, and Light Observation
Helicopter Avionics Package (LOHAP). The A-7A Navy
aircraft program was initiated prior to the formal
announcement of the Tctal Package Procurement concept,
but it also utilized the total package approach (84:95).
The C-5A program was the most visible user of the concept
due to the size of the program. The initial program
price was set at approximately §1.8 billion. The next

most expensive was the FDL ship with an initlal estimate

17
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of $500 million (84:21),
This writer will not develop a thorough history
of how the concept was applied to the C-5A program
nor address the difficulties encountered in the program.
A comprehensive historical review of the program is

provided in an Alr Force Institute of Technology thesis:

i

History and Analysis of the C-5A Program: An Application
of the Total Package Procurement Concept (61),

As a result of the problems encountered during
the C-5A program, Total Package Procurement was discredited.
In May 1970, former Deputy Secretary of Defense Packard ]
issued a memorandum that stated that fixed price contracts |
would not normally be used until development of the

system had reached a point where the production design

was well specified. He also indicated in the same

memorandum that cost plus incentive fee contracts were

preferred for both advanced development and full-scale

development (56:158). This memorandum effectively ended

the Total Package Procurement approach to acquisition,

The concept was definitively eliminated as an

acqulisition approach in Department of Defense Directive

5000,1 in July 1971, In paragraph III C.7., the directive

stated:

*It 18 not possible to determine the precise
production cost of a new complex defense system
before 1t 1s developed; therefore such systems
will not be procured using the total package
procurement concept or production options that
are contractually priced in the development
contract" (57:15).

18
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In this section the reasons why the Total Package
Procurement con:ept was introduced were highlighted.
Likewise the initial specification of the concept was

identified, as was the demise of the concept.

Definition

In this section the Total Package Procurement

concept is defined.
"Total Package Procurement as concelved by

the Air Force envisions that all anticipated

development, production, and as much support as is

feasible of a system throughout its anticipated

life 1s to be procured as one total package and

incorporated into one contract containing price

and performance commitments at the outset of the

acquisition phase of a system procurement” (84:13),

As can be seen in this definition, the concept
was an attempt to eliminate the practice of incrementally
procuring development production, and logistic support
for major systems programs. The ultimate goal of the
concept was to incorporate the complete development,
production and support of a program in a single contract.
The initial programs undertaken using this concept
included only part of the support area. Requirements,
such as gpares and depot Aerospace Ground Equipment,

were not included in the contracts (84:16),

Criteria for Use of Total Packagze Procurement

In this sectlion wajor criteria for use of the

Total Package Procurement concept will be presented.

19
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The intent is to identify the major points which were

supposed to determine use of the concept.

1., The system to be developed should represent
low technological risk (47:152), Since a firm
price would be established before the system went
from design to hardware, Total Package Procurement
should be used where a well established technological
base existed. It was considered essential for
effective use of the concept. Initially the C=5A
program appeared to fit this criterion (61:xi1).

2. Use of Total Package Procurement required
a precise definltion of mission, performance,
prodnction rates, and schedule by the user. In
order to bid intelligently the competing contractors
needed to know precisely about all aspects of
the system. Additionally the user had to be certain
that the system would have few changes in 1t as
it was developed (61:23-25).,

3. Cost effectiveness was a criterion in
application of the concept. This meant that the
lowest life cycle costs at a specific level of
effectiveness or the highest level of effectiveness
for a given cost would be determined (84:170).

This information would be one basis for determining
contract award.

4, The concept required adequate time in
the contract definition phase for competing
contractors to develop designs. This would enable
the contractors to design for more efficient and
economical production, reliabllity and field
malntainability.

In this section a few of the significant criteria

which were supposed to be used in the implementation

of Total Package Procurement were reviewed. These
items highlight the major factors which were to be
used in determining whether or not to use the concept
for a specific program. Next strengths and weaknesses

of Total Package Procurement will be examined.
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Strengths
In this section the major strengths of Total

Package Procurement will be presented. The items
identified represent a synthesis of findings in research
of the concept. There has been no attempt to rank order
the items, because they are closely related with respect
to individual importance. Additionally a brief review
of how the C=-5A program followed each identified
strength will be presented.

The first major strength of Total Package Procurement
was the inhibiting of “buy-~in" bidding. The competing
contractors strived more vigorously to establish realistic
prices for the total package programs, even committing
company funds beyond those provided by the Air Force
to prepare designs and bids. On the C-5A program it
was estimated that $71.0 million were used by the
competing contractors in bid preparation. Only $25.0
million of this amount was provided by the Air Force (84:21),

However, cost estimates for the C-5A went from
approximately $1.9 billion in 1965 to over $3.0 billion
in 1969, Was this overrun a result of “buy-in" bidding?

A special C-5A review council in its findings specifically
noted that Lockheed's low estimate showed no evidence

of "buy-in" bidding. Reasons identified for Lockheed's
low bid included (1) overoptimism in engineering and
fabrication, (2) sharp escalation of inflation over

projections, (3) increased costs caused by the need
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to use special materials, and (4) increased costs 4
caused by an active alrcraft industry versus the
stagnant industry projected by the company(85153=-54),

All of these factors combined to cause a part of the 4

overrun,

Another view of the Lockheed bid was provided in
the Poncar/Johnston thesis., In that thesis the writers
presented the opinion that Lockheed underbid because
(1) 1t believed that the contract permitted an adequate
profit even with overruns, (2) it believed getting the
contract would give the firm an advantage in the commercial
market, and (3) it believed the Air Force would make
program changes, which would permit contract renego-~
tiation (61:158). This writer believes this could be
considered a form of "buy-in" bidding.

However, the Total Package Procurement concept
did obviously inhibit the practice of "buy-in" bidding,
This is confirmed by the fact that the overruns on the
C-5A were only approximately 45 per cent as projected
in 1969 (85:53) and could partially be blamed on.factors
other than "buy-in" bidding. This can be compared Ep
an average overrun of approximately 200 per cent ln;
programs of the 1950's, which indicates a better egiimate
of costs under Total Package Procurement, 3

Another strength of the concept was a better :
definition of design specifications. These were '

performance requirements, schedules, and producticn
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quantities. The government in order to use a total
package approach had to define, early in the program,
specifically what it wanted, when it wanted it, and
how many it wanted.

However, design specification could also be
considered a major weakness of the concept. In a
study of Total Package Procurement, the Loglistics
Management Institute concluded that early firming up
of design specifications, particularly performance
requirements, could result in a sacrifice in technical
design., The institute further indicated that it would
be difficult to take advantage of later advances in the
state of the art. But the same report also stressed
;hat the concept could be an effective procurement
technique when applied to programs that could be
considered state of the art (84:163-€4), This writer
stressed the need to use the concept on programs with
a well-established technological base in the discusslon
of criteria for use of the concept,

With respect to the C-5A program, it was reported
in 1969 that performance requirements were met with no
design changes that degraded specified mission performance
requirements (85153).

Another strength of the concept was the extension
of contractor ccmpetition to more phases of the acquisition
process. The contractnrs would compete not only for

the full-scale development of the system but also

23
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for the production and support of the system in
deployment. This was designed to motivate the contractor
to design for economical production and reliable and
simplified maintenance of the system from the beginning
of design. It was also to provide stability for the
contractor, because he would know he had a long term
commitment, so that he would have a greater motivation
to invest in facilities. It would also provide a
firmer planning base (84:59). The total package approach
would also extend his responsibility over the entire
acquisition 1life cycle.

This strength was substantiall realized on the

C=5A program., The government proviced funds to three

potential prime contractors to prepare designs and

E bids. The contractors were Boeing, Douglas and Lockheed.
All submitted bids on the total package. However one

4 l of the major objectives of the strength - design for
efficient production - was not met. The three contractors

R expended over nine months in preparing designs.

g However, two of the contractors failed to satisfy major
3 performance requirements in their designs. These were
Douglas and Lockheed. Lockheed then resutmitted a much
revised design in three days. Lockheed was subsequently
awarded the contract., During development and into

production it was realized that these drastic design

T changes developed with no detalled analysis had friled

= to anticipate significant production problems. Therefore,
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much more complex production procedures than were

projected by the company resulted (61:165). Consequently
no cost savings were achieved through efficient production.

Total Package Procurement was intended to force
long range planning. Both the government and the
contractor would be required to project their requirements
and abllities to meet those requirements into the
future at least five years. This planning would enable
the government to determine early whether or not
sufficlent resources were avallable to proceed with a
program with specific production quantities and schedules.
Likewise, the contractor would have to consider the
out year effects on him., He would have to consider
possible inflation, a dynamic or stagnant economy and
other factors in his cost estimate,

The Total Package Procurement concept falled to
consider one key aspect of planning. Planning, especially
long range planning, is an estimate that must be updated
as circumstances change. The Total Package Procurement
concept contained no provision to revise a prcgram, 1if
factors affecting the program changed.

The C-5A program graphlcally showed how the strength
qulickly turned into a major weakness. Inflatlion rose
more rapidly than Lockheed projected. Lockheed planned
for a stagnant aircraft industry, but the Viet Nam war
caused a dynamic industry., This forced costs up (611157-160),

Consequently it is clear in retrospect that the concept
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Inhibited “Buy-in" Bidding

Caused Better Definition of Performance

Requirements, Schedules, and Production
Quantities

Ext ended Contractor Competition
| in the A Acquisition Life Cycle

Caused Long Range Planning

- antn: Avad.

Flg. 2. Summary of Total Package Procurement Strengths
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needed a provision for change, 1if original planning
factors proved significantly inaccurate.

These were the principal strengths of Total
Package Procurement., They are summarized in Figure 2.
The concept represented a radial departure from previous
acquisition practices., It was a complex strategy
requiring significant. efforts by the government and
contractors, Its first application to a program of
the size of the C-5A magnified the potential
deficiencies of the strengths of the concept. In
retrospect it does now appear, however, that the
strengths of the concept did represent important

advances in bringing cost control to the acquisition process.

Weaknesses
In this section the significant weaknesses of

Total Package Procurement will be reviewed. The

f specified weaknesses represent a synthesis of those
identified during research of the concept. It should
be noted that most deficliencies attributed to Total

Package Procurement, as a resuit of the C-5A program,

.

-y

were mostly a fallure to follow the criteria of the
concept, rather than weaknesses in the concept itself.
Additionally it should be recognized that each of the
strengths 1dentified in the previous section could also
be labelled weaknesses under the right conditions. The
previous discussions of the problems of the C-5A program,

which followed each strength, 1llustrated this point.

27

o A T TR, it DI A -SRI P ¢ Vs e e g o,

WA P UTEE R TRFE N )
- -

aul



D g A 7 T P I TP e

GSM/SM/768-3

A major weakness of the concept was a lack of
understanding about how much program monitoring and
control were needed. The idea behind a fixed price
contract 1s to let the government take a "hands-off"
policy toward a progream once the contract is awarded.
The contractor i1s to be totally responsible for
management of the program wiﬁh freedom to respond to ;
problems, as he encounters them.

One report in its study of Total Package Procurement
indicated that in the contractors® view the government
appeared to be exercising an undue amount of managerial
control for a fixed price contract. The report added
that the contractors also believed the government
required an inordinate amount of data information in

Total Package Procurement (84:30-31), i

The C-5A program i1llustrates the lack of under- j
stahdlng about how much program monitoring and control "

were needed. During the first year of the contract

the Alr Force exercised full control and supervision
over the contractors, as it had done in cost type
contracts of past acquisitions (85:53). However, it
then moved to a management philosophy of “disengagement”.
The basic idea of disengagement was to eliminate many
contracting officer or plant representative approval
requirements. This was done to eliminate the requirement
for affirmative government action before contractor

decisions affecting the program were made (84:30).
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This change, however, caused deficlencie: that were
not corrected as rapildly as they should have been.
It 1s this writer's judgement that a clear

understanding of program monitoring and control was

not present in Total Package Procurement. As the
discussion showed there was confusion and a lack of
understanding about how much government control was
necessary for a total package approach.

Another major weakness of the concept was its
attenpt to fix a price on a paper concept for a future
system (39:60), There are too many unknowns in taking
a design from paper to reality. There 1s too much
potential for cost growth, There are risks involved
even with a well developed technological base. Finally
it should be recognized that the costs identifled by
the contractor were really estimates and should have

| been treated that way with provision for periodic
updating (28:13).

Another significant weakness was the lack of

flexibility contained in the concept. The specific
é definitions of performance requirements, schedules,
and production quantities included no flexibility for
changes or tradeoffs between costs, performance, and
schedules, This restricted the ability of the éontractor
to perform in the most cost effective way as he moved
from design to actual hardware (85:52).

These were the most significant of the weaknesses
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Lack of Understanding Concerning
Monitoring and Control

Lack of Flexibility

Fig. 3. Summary of Total Package Procurement Weaknesses
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of Total Package Procurement, They are summarized
in Figure 3, Were they responsible fcr the failure
of the concept? It is this writer's view that the
major reason for “he fallure of the concept was its
use on the C-5A program. The C-5A program was a
multi-billion dollar program, which, while not
exceeding the state of the art, approached state of
the art limits due to the enormous size of the
alrcraft. It was also a complex program. It was
also a program with a compressed schedule, which meant
limited development time wculd be avallable (61:156),
Finally 1t was a highly visible program due to its
slze, The result was that when the program experienced
difficulties, Total Package Procurement received paft
or most of the blame., As a result the concept became
politically discredited. Total Package Procurement
suffered when labels, such as "the golden handshake"
and "the sweetheart clause", were applied to the
repricing formula, which formed part of the contract
provisions of the concept. This formula provided for
edjustments to prevent intolerable loss or profit
for the contractor (85:152)., In 1970 the Department
of Defense terminated use of the concept in a political
move to stifle further criticism of Department of
Defense acquisition policles.

In this chapter the development of the first

major Department of Defense effort to control costs
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has been presented., Total Package Procurement, as will !
be seen in later chapters, formed the foundation on

which Design to Cost was bullt. Additionally many of i

the basic criteria and objectives in Total Package
Procurement can be seen in both Design to Cost and

Life Cycle Costing.
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IV. Life Cycle Costing

In Chapter two it was briefly noted that estimates
of life cycle costs were @ prerequisite for implementation
of Total Package Procurement. It was also noted that
the Design to Cost concept required estimates of total
life cycle costs for implementation. Consequently it
is important to analyze the Life Cycle Costing concept.

Research of the Life Cycle Costing concept has
determined that its initlal promulgation cannot be
identified as definitively as Total Package Procurement
or Design to Cost. Additionally research has‘determined
that the concept cannot be examined at specific points
of application during the acquisition life cycle, as
were Total Package Procurement and Design to Cost.,

The Life Cycle Costing concept is rather a pervasive
philosophy or objective throughout the acquisition
1ife cycle of a system.

In Total Package Procurement, life cycle cost
estimates were used during the contract definition
phase for source selection. In Design to Cost, life
cycle cost estimates are used in both the conceptual
and validation phases. These estimates influence
design and tradeoff decisions. These estimates also
form part of the source selection criteria. In the
full-écale develorment, production, and deployment

phases data are gathered which validate the previous
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estimates, as well as, aid in preparing estimates for
new systems entering the acquisition process. A more
comprehensive examination of the pervasive nature of
the concept will be accomplished in the section on
application of the concept during the acquisition life

cycle.

Historical Evolution

The history of the evolution of Life Cycle Costing
is not as definitive as Total Package Procurement. In
fact it 1s quite nebulous., However, there are some

specific events that mark significant developments in

the concept as a means to estimate and control costs.

As early as 1929 the General Accounting Office
made declisions that mentioned the need to consider
total costs in contracts let by the government, not
Just acquisition costs (66:D=2),

Applicabllity to Department of Defense procurements
was tentatively identified in 1947, In the Armed Services
Procurement Regulations issued that year there was
reference to the fact that contracts should be awarded
on a basis of price and “other factPrs". Review of the
supporting report from the Senate Committee on the
Armed Services indicated that the term "other factors"
was to include consideration of "ultimate cost" in
procurement activities (20:1).

Further development of Life Cycle Costing as a
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philosophy occurred in 1963. At that time the Assistant
Secretary of Defense (Installations and Logistics)
initlated a study of the effect that price competition
could have on life cycle equipment costs. This initial
effort was directed toward award of production contracts
for minor subsystems, assemblies, subassemblies, and
parts (%0:1). .

In 1964, when Mr. Charles introduced the Total
Package Procurement concept, he referenced the need
to compete production and support as well as development
in system acquisition. This meant that estimates of
the life cycle costs assoclated with the total program
needed to be identified (22:46),

It was not until 1966, however, that serious

efforts were begun to develop a methodology to use

life cycle costs as a means to competitively procure

1 specific items. The approach was to attempt to determine
E | which contractor's product would have the lowest

3 anticipated life cycle costs as the item accomplished

a specified objective. Consequently a specific item
might cost more to acquire, but over its lifetime cost

E { less than a lower bid item. The initial application

of this approach involved purchase of non-reparable

equipment on a price-per-unit-of-service-life basis

rather than on the basis of unit price alone. The
beneflit of this approach would be to motivate contractors

to use total life costs rather than merely acquisition
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cost to develop better items (33:10-11),
A specific example of the application was the use

of lowest total service life costs in the procurement

of aircraft tires. Here the criterion was changed to

use the number of estimated landings instead of procurement
price as a consideration for procurement. The net

effect was to reduce the procurement costs initially

by approximately $15 million per year (77:27).

Although the idea or desirability of using total
life cycle costs had been espoused for many years;”the
history of the concept shows that the concept was still
not much more than a desirable objective prior to 1966,
It had been written about, but little effort had been
expended in attempts to determine what actually comprised
the total costs of a system, or even a specific item
in the system. Initiation of a test program in 1966
designed to procure specific components on the basis

of long term benefits versus the short terﬁ least cost

concept marked the first significant effort to use life
cycle costs as a criterion for procurement. The aircraft

tire example illustrates this point,

o

i

The next major developments in Life Cycle Costing
were the release in July 1970 of the Life Cycle Costing
Procurement Guide (LCC-1) and Casebook Life Cycle

Costing in Equipment Procurement (LCC-2). In fact

the procurement gulde stated:
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“This guide represents the first attempt of
the Department of Defense to establish procedures
for employing the Life Cycle Costing concept in
acquisition of material below the level of complete
weapon systems" (46:11-1),

The gulde also identified items which should be considered
for life cycle costing. These included:

1. Items not subject to repair, for which
the anticipated anfual buy exceeds $50,000,

2, Items subject to repair, for which the
anticipated annual buy exceeds $100,000,

3. Standard commercial items. /
Lk, Items having undesirably high fallure rates.
5. Items recognized as needing or being
susceptible to improved reliability/maintain-
abllity (46:1-2),
The Casebook (LCC-2) was designed to be used as an
aid in implementing the Life Cycle Costing concept 1n
equipment procurements in all Department of Defense
components. The casebook describes and illustrates
the application of the concept to competitive procurement
of equipment below the level of major systems (20:1).
Cases included for study of application of the concept

are replacement of siding on family housing, T-38

e

aircraft tires, computer replacement and others.

In 1973 specific guldance concerning the use of
the Life Cycle Costing concept in system acquisition
was provided with the publication of the Life Cycle

Costing Guide for System Acquisition. This document

presents guidelines, including representative detailed
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procedures, for applying the Life Cycle Costing concept

during the acquisition of complete defense systems.

It completed the evolution from LCC-1 and LCC-2 which I

were concerned vith estimating costs of materiel below

the level of a complete system. j
Later in 1973 Air Force Regulation 800-11, Acquisition i?

Management (Life Cycle Costing), was released. In ;
paragraph 1, the regulation states:

“The Air Force will to the maximum practical
extent, determine and consider life cycle cost
in various decisions assoclated with the development,
acquisition, and modification of defense systems {
and ‘subsystems and in the procurement of components
and parts" (4:1).

The final evolutlionary document which should be

identified is the Operating and Support Cost Development

Guide for Alrcraft Systems. It was prepared by the Cost
Analysis Improvement Group and was dated May 1974. It
is aimed at specifically improving the Department of
Defense capabllity to quantify operating and support
cost impacts of new systems and to consider those cost
impacts in the system acquisition process (54:12). It

; provides a detalled methodology for estimating operating

and support costs for alrcraft systems. Similar guides

for missile systems and other major systems were to

P Y

be developed.

Bailic o s

In this section the writer has 1dentified significant

: events in the development of Life Cycle Costing as a
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concept to be used in acquisition strateglies, both for .
systems and components. There was no attempt to be !
all inclusive, The dates cited and the documents
referenced show that Life Cycle Costing has developed
from a vague goal to reduce total costs over a system's
lifetime into a comprehensive concept, It is a concept
which, if used carefully, can significantly reduce

the cost growth assocliated with ownership of a systenm,

Definition

The concept of Life Cycle Costing is defined in
terms of life cycle costs., Therefore this section will
develop a definition for 1life cycle costs.

The term life cycle cost may be considered to

describe the total costs assoclated with a specific
system, component, or item over the evolution of the

product from conception to disposal. In this section

the writer will review and discuss specific definitions

applied to the term to determine 1if this is the appropriate
1 way to clarify the meaning of the definition of the

concept of Life Cycle Costing. These specific definitions

paes o

are presented in subsequent paragraphs.

The Life Cycle Costing Procurement Guide has

defined life cycle cost in the followling terms:

"Life cycle cost 1s an acquisition or procurement
technique which considers operating, maintenance,
and other costs of ownership as well as acquisition
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price, in the award of contracts for hardware
and related support. The objective of this
technique is to insure that the hardware procured
will result in the lowest overall ownership cost
to the Government during the life of the hard-
ware" (46:1-1).
In this definition life cycle cost is considered to
be a technique used during procurement to ensure the
lowest total ounershlp costs for a piece of equipment
are incurred during the life of the equipment.
Alr Force Regulation 800-11 has defined the term
as follows:
*Life Cycle Cost. The total cost of an item
or system over its full 1life. It includes the
cost of development, acquisition, ownership
(operation, maintenance, support, etc.) and,
where applicable, disposal” (4:1).
This definition identifies what life cycle costs should
include when evaluating the cost of a plece of equipment.
The intended use of the term was more clearly identified
in a subsequent paragraph of the regulation:
“The use of life cycle cost is not intended
to make minimum cost the predominant decision
factor, but to insure a proper balance between
cost and system effectiveness" (4:2).
From this it can be concluded that the use of life
cycle cost can be thought of as a philosophy of management.
In this view the objective is to obtain an item at the
lowest cost consistent with desired system effectiveness.

Another view of the concept itself was stated in

a General Accounting Office study of Life Cycle Costing:

4o
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“Life Cycle Costing is a technique for
estimating the total cost of a product over its
useful life, including the expected costs of
acquiring the item and its absorption into
inventory. The latter are frequently referred
to as ownership costs” (4431),

As before the view in this definition is that the concept
should be considered a technique to be used in estimating
the total costs of a product.

Finally the Life Cycle Costing Guide for System

Acqulsition had the following definition for the term

life cycle cost:

“Total cost to the government of acquisition
and ownership of a system over its full life. It
includes the cost of development, acquisition,
operation, support and where applicable,
disposal” (45:11),

It further added that estimates made at particular times
might include only the relevant costs at that time
ignoring costs which were the same for all alternatives
under consideration.

This writer believes that the concept should be
considered as more than a technique to determine the
cost of a product. It should be thought of as a
philosophy, discipline and tool which can be used to
slgnificantly reduce the cost of items procured by the
Department of Defense.

The definition offered in the Life Cycle Costing

Procurement Guide implicitly supports this view,

While it considers life cycle cost as a technique,

b1
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it implies that use of the concept is an essential
management strategy to reduce acquisition costs, It

4

also implies the need to consider tradeoffs based on': \

life cycle costs during acquisition. The writer,
therefore, believes that it is this view of the concept

that should be used in defining the concept for
appllcatibn by the manager.

Criteria For Use

In this section criteria for use of the Life Cycle
Costing concept will be presented., While the criteria
identified in this presentation may be equally applicable
to system acquisition and item procurement, the emphasis
will be on system acquisition. The items discussed
represent a synthesis of findings concerning criteria
for application of the concept in acquisition. It 1is

’
not intended to be all inclusive, 1t should, however,
provide an outline which can be used as a basis for
ugse of the concept. Finally no attempt was made to
,rgny order by importance particular items, because
these will vary with the program for which the life
cycle costs are estimated.
1, Effective application of Life Cycle

Costing requires development of an element

structure (33:111). This structure consists of

elements or categories where cost must be estimated.

This structure should be made up using the "Pareto*

principle, which states that approximately 80 per

cent of the costs can be found in only approximately

20 per cent of the components comprising the
system (26:117).
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2, Life cycle costs must be specified for
a specific time period (45:2-4), This should be
done to ensure that the competitors for the contract
use the same time period to determine thelr estimates.
Significant differences could occur otherwise,

3. Cost rules are needed for application
of the concept. These cost rules should specify
(1) if costs are to be figured in constant or
current year dollars, (2) when costs should be
counted whether at time incurred, time invoiced
to the government, or time paid by the government,
(3) rules for discounting future costs with
appropriate accompanying tables to maintaln
consistency and, (4) whether costs should be
determined on a fiscal or calendar year basis.
These rules typify the type of rules needed to
be designated in application of the concept (33:13).

4. A suggested format for estimates should
be provided. This ensures that all estimates can
be easlly compared to determine where the sigrnificant
differences are in the estimates (33:13).

5. Contractors should use a common model.
Normally a model developed by the Air Force should
be provided, so that each contractor is using
the same factors in his calculations (77:29).

6. Application of the concept should provide
for reports on analyses. The contractors should
provide periodic reports on their analyses of the
life cycle costs., This is important because these
reports will be based on additional data which
will increase confidence in or validate the earlier
estimates (77:129).

7. Proposed modifications should contain
an assessment of the life cyle cost impact. This will
ald the manager in determining whether or not
to proceed with the change (33:13).

8. The estimating models used must be
reliable, This means that the estimates generated
by the models must correctly portray the projected
costs of the system. Inaccurate estimates based
on faulty data or incorrect models will yield
unsatisfactory information for the decision maker,

The objective in identifying these criteria was

to provide the manager with some general considerations
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for him to use in applying the Life Cycle Costing

concept. The key criterion is sound Jjudgement, however.

Application During the Acquisition Life Cycle

In this section the application of the Life Cycle
Costing concept during the acquisition life cycle of 1
a system will be analyzed. This analysis will emphasize 1
the benefits and deficiencies associated with use of
the concept in the conceptual, validation, and full- .
scale development phases of the acquisition life cycle.
These phases will be emphasized because it is during
these phases that the decislions, which will determine

costs in the production and deployment phases, are

- NESSTOURE =g o= TV

made,

The first phase where Life Cycle Costing can be
used is the conceptual phase., The importance of
considering life cycle costs in the early design process
was noted in Air Force Regulation 800-11, In paragraph 3a.,
the regulation states:
“Since ownership cost can be influenced by
1 the type of requirements proposed (design concept)...,
i it is imperative that consideration of such cost
begin in the initial development and design
effort" (4:2),
In a 1975 speech the Under Secretary of the Ailr Force,

James Plummer, said:s "In the conceptual phase, it

(1ife cycle costs) will help us to select among

alternatives” (60:129). During this phase the concept
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also alds in assessing which designs are the most cost
effective ones and merit further attention in the
validation phase. Life cycle cost estimates also can
provide baseline estimates for tradeoff analyses in
the validation phase., However, there are significant
deficlencles assoclated with these early estimates,
One deficiency, which is common to all phases,
is that life cycle cost estimates are only as.good as

the assumptions, theories, relationship between parameters, !

and the data used (whether assumed or historical) (69:5).

Consequently there may be too many unknowns in the

early stages of the acquisition 1life cycle to ensure |
a high degree of confidence in the estimates or models '

used to make the estimates., Additionally, the dynamic

tendencies of design changes may minimize the accuracy

of the early estimatess However, the early estimates

do provide a guideline to use when the system moves

into the validation phase.

o

In the validation phase there should be increasing
confidence in the estimates, This 1s especially true
F | Af there are prototypes bullt to assist in determining
which design to produce, because more data are avallable

with which to project costs. In this phase 1life cycle

cost estimates can be decisive in tradeoff analyses
to find the most cost effective alternative. Also

as Mr. Plummer has lndicated:
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“In the validation phase, it (life cycle
costs) will help us verify our concept...it will

be a factor in source selection" (60:29).,

In the vallidation phase there 1s still a requirement
to use models to project costs. Consequently the same
problem with cost estimates that occurred in the
conceptual phase remains in the validation phase.

Life Cycle Costing loses some effectiveness as
an acquisition tool, as a program enters the full-scale
development phase, The design is specified in greater
detail and less opportunity for tradeoffs exist.
However, life cycle cost estimates can still be a
significant factor in determining maintenance policies
and procedures., Additionally in this phase the validity
of the earlier estimates and the techniques used to
make those estimates can be determined. One result
will be increased confidence in later acquisitions,
which may use the same or simllar techniques.
Identification of 1life cycle costs also provides
information for use in determining what systems or
changes to improve the cost effectiveness of systems
should be considered in future acquisitions.,

The Life Cycle Costing concept also has significant
importance in the production and deployment phases of
the acquisition 1life cycle. In the production and
deployment phases one objective is to obtain the data

required to determine the valldity of earlier estimates,
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which will improve future life cycle cost estimating
capabilities. Another objective 1s to use the data
as a baseline for determining how to design future
systems to improve cost effectiveness.,

In this section the application of the Life Cycle
Costing concept during the acquisition life cycle has
been examined. It has been shown that life cycle cost
estimates in the early phases aid in decisions concerning
design choices and source selection based on projected
cost effectiveness. It should be remembered that
estimates made early in the acquisition process should
be considered only as general aids to the decision
maker, because these estimates can only provide a
general projection of costs for different alternatives,
It has also been shown that life cycle cost estimates
have a different application as a system goes into
production and deployment. In these phases the technique
is used primarily to collect data, which will be used

to improve future life cycle cost capabilities,

Strengths
In this section strengths of the Life Cycle Costing

concept will be identified. The items identifiled in
this section represent a synthesis of the common
favorable tralts of the concept. Thelr specification
should provide the manager with a clearer understanding

of what Life Cycle Costing can do to aid him. Likewise,
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the weaknesses presented in the next section will
specify where the problems are in using the concept.
There has been no attempt to rank order the items,
because the importance of a particular item will vary
with the program and with what phase of the acquisition
1life cycle the program is in.

Determination of life cycle costs provides an
identification of the total costs of a program. The
concept alds in knowing what the developnent, acquisition,
operation, support, and disposal costs are at any
stage in the acquisition 1life cycle. The other strengths
of the concept are derived from this fact,

A second strength of Life Cycle Costing 1s the
elimination of undesirable suboptimization (76:156).
Suboptimization 1s a term which in thls case means
selection of a particular option based on the short
term benefit and not the long term effect. Identification
of total costs enables the manager to see the best
estimate of possible long term effects of a de:cision
now. Thils should cause him to carefully evaluate his
alternatives before he selects one. Figure 4 graphically
1llustrates how the least cost option in the beginning
could be the highest cost option in the out year cost
growth picture. In figure 4 option A initially has
a conslde?ably faster rate of cost growth, but it
rapidly decreases as usage of the system increases.

Option B has a fairly steady cost growth. The result
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is that at some future time the accumulated costs

make option A the more cost effective option (45:2-3).
Early identification of this trend can help the manager
in his assessment of optlons.

A third benefit of Life Cycle Costing is that it
forces the planner to face the hard realities of total
cost, Knowledge of the total cost effects can aid
the decision maker in declding whether to proceed
with a program or stop 1t early enough to reduce costs.,
Knowledge of total costs and budget impacts partially
account for the next strengths (44:2).

Use of the Life Cycle Costing concept can lead
to improvements in reliability and maintainabllity.
Comments by Mr. Robert Seamans, former Secretary of
the Alr Force, highlight this point:

*"The real expense of owning any system is

a combination of 1ts development, production,

operations, and maintenance costs. If we can

build more reliability and cheaper maintainability
into a system, we can significantly reduce 1its

total life cycle costs" (70:48).

In the same article Mr. Seamans cited a specific exahple.
The Minuteman III guidance system was designed with

a specification to operate continuously for 300,000
hours. The contractor more than doubled this figure

in operational use. The effect was a savings of
approximately $78 million in reduced maintenance and

spare part costs. The contractor, of course, benefited
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in the incentive fee he won, but the Alr Force benefited
" even more (70:51).
Use of 1life cycle cost estimates can encourage

broad tradeoff studles. These studies will aid in

providing tradeoff flexibility. 1In situations where
several options are avallable, determination of the
expected total costs qf each option can be decisive

in the selection of a specific option (67:119). Knowledge
by the competing contractors that life cycle cost
estimates will be a factor in selection can cause the
contractors to consider the 1ife cycle costs, as well

as, acquisition costs in their designs and tradeoff
analyses,

Life Cycle Costing can cause a reduction in cost
growth. The guldance system example 1llustrates this
point. Operating and support costs were reduced
substantially as a result of the improved reliability.

Finally Life Cycle Costing can be a basis for
future system development. Knowledge of the life
cycle costs provides an improved visibility of the

1 factors or systems which contribute to costs., Secretary
Plummer noted in a speech that 8 of approximately 300
subsystems on the F-16 alrcraft represented almost one
half of the 15 year subsystem logistics costs (60:29),
This type of knowledge can ald the planner in considering

Ny ity Tt g B AN

what areas to emphasize in planning future systems to

reduce costs. He can emphasize the significant few
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Identification of Total Costs

Elimination of Undesirable
Suboptimization

Consideration of the Reallties
of Total Cost

Improvement in Rellability
and Maintalnabllity

Reduction in Cost Growth

Basis for Future System Development

T ST TP TR

{ Fig. 5. Summary of Life Cycle Costing Strengths
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in his planning efforts.,

These items highlight the strengths of the Life
Cycle Costing concept., They are summarized in Figure 5.
These points show that knowledge of total costs can
have a significant effect, They also show that emphasis
on reductions in total costs through improvements,
such as rellability, can significantly reduce costs.
Weaknesses assoclated with use of the Life Cycle

Costing concept will be examined in the next section.

Weaknesses

The weaknesses of the Life Cycle Costing concept
present formidable challenges to the manaéer. While
the effects of successful application of the concept
are impressive, the difficulties in achieving those
;uccesses are significant, In this section a synthesis
of the most common and important weaknesses associated
with the concept will be analyzed. There will be no
attempt to rank order the weaknesses by importance.,

The reliabllity of the data used in life cycle
cost estimates presents a major weakness. There 1is
a question of whether data from an in-use system 1s
relevant for use in determining potential costs of a
new system. This 1s because the new system may be
used differently or in a different environment from
the one which 1is providing the data for the estimate (67:17).

The use of historical data also requires assumptions
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on how the operating and support costs were determined
for the older system., Finally there is the difficulty
of verifying that the cost factors used in the estimate

are the same as those used in the historical data bases.

Closely related to thes data reliability problem
18 one concerning data co;lection systems. In a recent
Governmgnt Accounting.Office report it was noted that
a great obstacle to Life Cycle Costing was the absence

of a data base segregating total ownership costs by

weapon. It noted that the practice had been to accumulate

operating costs by organization or classes of weapons
rather than by individual weapon systems (44:5),

The same report offered one method to eliminate

this problem. The suggested approach would be sampling.,

In this approach a specific quantity of vehicles would
be selectec. and the costs accumulated on them for a
specific time period. Thus costs could be separated
at the point of origin without changing the total
collection system (44:6).,

Another major weakness of Life Cycle Costing 1is
the complexity of the concept. The recent Operating
and Support Cost Development Guide for Alrcraft Systems

identifies at least 15 major areas where costs must
be obtained to determine total operating and support
costs., Areas identified included such items as combat

command staff manpower, aircraft security manpower,

. sl




aviation fuel, base services manpower, recurring
investment and others (54:18). This guide is directed
only toward the operating and support costs of the
system, This illustrates the complexity of the concept,
when one remembers that broad areas of cost factors

must also be added from development and production to
determine total costs. Another factor causing complexity
1s designation of a specific lifespan for a system.
Estimates are based on a system having a specified

useful life. If the system's projected lifespan is
changed the costs associated with the system change (76137).
Finally the concept 1s based on assumptions, theory,
empirical relationships, and data, which may or may not
be valid. All of these factors combine to make the
concept very complex.

The concept may be too vague for effective
implementation. A General Accounting Office report
indicated that there appeared to be "...lack of
guidelines on costs to be included in an ownership

estimate” (44:11). Mr. John Bennett, Acting Assistant

Secretary of Defense (Installations and Logistics),
has commented that "Refinement of terms, conditions,
requirements, and data validity and avalilablility 1is
badly needed" (11:3),

Another weakness to successful use of Life Cycle
Costing 1s institutional blas. Life Cycle Costing

requires that the nanager and planner consider the
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long term cost effects of changes in systems. The

pas =

past attitude has been to look only at the short term
effects. There is also the normal reluctance to change

to a new way, especially when there are many questionable

areas in the new approach, This causes a lack of
confidence in the estimates, The net effect is tc make
the manager hesitant to rely on the estimates generated
by 1ife cycle cost models (44:9-10),

The final significar: weakness with Life Cycle
Costing is the budgetary process. Budgets are oriented
toward short term funding. The emphasls is to save
money now. Consequently, it is difficult for the
manager to Jjustify increased expenditures today to
save substantial funds in the distant future. This
is true, especially, when the expenditure 1is based
on an estimate in which there is little confidence,
Additionally there could be reluctance to provide the
additional) funds to even make the cost estimates,

All of these weaknesses tend to reduce the
effectiveness of Life Cycle Costing. The weaknesses
are summarized in Figure 6, However, 1t has been
demonstrated by the savings achleved in the alrcraft
tire and guldance system examples that the concept
can work, It can reduce expenditures and provide
better systems. The challenge remains for the manager
to use the concept with the knowledge that the key to

its effectiveness 1s the manager's judgement in
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Complexity of the Concept

Vagueness of the Concept
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Fig. 6. Summary of Life Cycle Costing Weaknesses
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application of the results of a 1life cycle cost
estimate, The final point to remember is *".,.at most

a 1life cycle cost estimate may represent the best

SR

estimate at a given point in time" (44;14), It is
in this light that the concept should be used in the

acquisition of new systems,
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V. Deslgn to Cost

In prevlious chapters the concepts of Total Package
Procurement and Life Cycle Costing have been analyzed.
The third concept which was developed to control the
costs of weapon systems from initial conceptual
identification through the system's lifespan was Design
to Cost. This concept has generated much discussion,
as it represents a definitive departure from the previous
acquisition philosophy, where performance was the prime

consideration in system acquisition.

Historical Evolution

Review of the history of Deslgn to Cost indicates
that the concept was developed primarily by former
Deputy Secretary of Defense, David Packard, and the
former Director of Defense Research and Engineering
(DDR&E), Dr. John Foster. One writer in tracing the
history of the concept first found reference to it in
Department of Defense literature of June 1969, which
was shortly after Secretary Packard assumed his
position (48:3). The first public reference to the
concept was made by Dr. Foster on 12 March 1970 in
remarks to the National Security Industrial Assocliation.
In that speech he said "...price has as much priority
as performance." "..,.we must design-to-a-price,...,

or else we will not be able to afford what we need” (48:3),
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In early May 1970 the Request for Proposal was

issued for the A-10 (formerly A-X) alrcraft. The A-10
is a simple low-cost system designed specifically to

perform the close air support mission. The Request

for Proposal included a specification that the aircraft
be produced for approximately $1.4 million in average
unit flyaway cost. This represented the first effort
by the Department of Defense to levy a strict “design-
to" requirement on the acquisition of a weapon system.
On 28 May 1970 former Secretary Packard 1issued a
memorandum titled “Policy Guidance on Major Weapon
System Acquisition". In that memorandum he wrote:

*The cost of deveiopins and acquiring new
weapon systems is more dependent upon making
practical tradeoffs between the stated operating
requirements and engineering design than upon
any other factor. This must be the key consideration
at every step in development from the conceptual
stage until the new weapon goes into the force* (56).
The next major reference to Design to Cost was

] in Department of Defense Directive 5000,1, which 1is
dated 13 July 1971, This directive was signed by Mr.
2 Packard, It stated in one paragraph that *...cost

elements...shall be translated into “design to*

requirements” (57:4)., This then formally identified

the concept as being relevant and required for system

acquisition. The directive and, in particular, the
paragraph from which the above reference i1s taken will

be discussed in detall in the definition section of
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this chapter, It was with the issuance of this directive

that the concept of designing to a specific cost goal
was promulgated.
During the period from issuance of the directive

until June 1973 the primary emphasis appeared to be

in explaining what the concept was, how it should be
used, and when it should be used. The prevalent view
during this period was presented by Dr. Foster in a
speech in October of 1972, During that speech he sald:
*.,ooewe must change the objectives of the
research and development community from the over-
riding emphasis on improving the state of the art
in performance, to an emphasis on quality equipment
having an acceptable performance for an affordable

cost® (48129).

On 18 June 1973 the next major comnitment to the
Design to Cost concept was made by the Department of
Defense. On that date Deputy Secretary of Defense
Clements issued a memorandum titled "Design to a Cost
Objectives on DSARC Programs”. In the memorandum he
directed that a Design to Cost goal be applied to all
major DSARC programs., He further stipulated that the
goal would be the average unit "flyaway" cost of the

product. In the memorandum he also wrote:

“For future programs, a "Design to a Cost"
estimate will be established at the earliest
possible date, but not later than the entry into
the full-scale development phase of the acquisition
process.”

He also wrote:

B e & T e R T Y e Tt



"It is the intent that in the future all
new major programs will have established Design
to a Cost goals” (23).
At this point the concept moved from being a goal to l

attain as identiflied in Directive 5000.1 to being a

requirement for all major programs in the acquisition
piocess. .

In—October 1973 éwo documents were released which
formed the how to use methodology for Design to Cost.

The first was the Joint Design to Cost Gulide (AFSC

Pamphlet 800-19) (41). This guide is dated 3 October
1973. 1Its purpose was to provide guldance and assistance
in the implementation of the Design to Cost concept.
Its basic intent was to identify what should be done
with a general approach of how to do it.

The second document was the Cost To Produce

Handbook, which is dated 26 October 1973 (26)., 1Its

! purpose was to (1) explain the need and intent of

Department of Defense policies on Design to Cost,

(2) discuss various concepts and practices which

currently appear useful in the application of Design

a.

R
o

to Cost to systems, equipment and material, and (3)
1llustrate application of Design to Cost by inclusion
of approaches in programs using Design to Cost. It
also reiterates the importance of the need to control

costs when it states:
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“The reduction of cost overruns and the
arresting of unit production and support cost
growth are essential (1) to retain the confidence
of Congress in allocating funds for national
defense, and (2) to provide the most effective
defense establishment within the budget authorized
the Department of Defense" (26:16).

Further refinement of the concept occurred in
1974, Up to that time Design to Cost was oriented
toward ﬂaJor programs'or systems application. The
Packard memorandum of 1970 referred to system application.
The Department of Defense Directive 5000,1 referred
to system application., The Clements memorandum of
1973 referred to major program application. Although
the Cost to Produce Handbook refers to using the concept
for *,..many other items as well" (26:5). little effort
was made to apply the concept to subsystems or less
than major programs. In May 1974 Secretary Clements
issued a memorandum clarifying this point. This
memorandum extended the requirement to use the Design
to Cost concept to subsystems and the less than major
defense systems (82:.4).

In the January 1976 issue of the Defense Management
Journal, Mr., John Bennett, Actling Assistant Secretary
of Defense (Installations and Logistics) commented on
Department of Defense Directive 5000.28, which was
issued in mid 1975. This directive explicitly emphasizes

management of weapon systems to ensure establishment

of "costs as a parameter equal in importance with
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technical requirements and schedule.”" The directive
also defines Design to Cost as a philosophy and
goal (11,1),

Recently Secretary Clements issued another
memorandum, which requested that each service establish
operating and support cost targets for each system
in development (29:14),

.In this section the writer has chronologically
identified the key points in the evolution of the
Design to Cost concept., The specific comments and
documents which were referenced represent the significant
events in the development of this concept as a corner-
stone in recent Department of Defense strategy to
impose controls over the increasing costs assoclated
with the acquisition of new defense systems. Many
other reports, speeches, articles, and comments could
have been added, but the ones used here establlish the
flow and development of the concept into a major

acquisition approach of the mid 1970's,

_ Definition
- In this scction the definitional evolution of

the Design to Cost concept will be examined. The

E specification of a single definition for the concept
: has been difficult. Thils occurred because Directive
{
g 5000.1 indicated that the concept applied to acquisition,
operating and support costs, but early writings and
64
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directions appeared to be oriented toward acquisition
only. Consequently, attempts to establish a precise
definition for the concept have proven to be perplexing.
However, thls writer's research has established that |
the original intent, as identified in Directive 5000,1, ]
is the appropriate way to define Design to Cost.
Several definlitlons of the concept will now be presented %
to 1llustrate the development of the concept, These ‘

definitions follow a chronological evolution.

ki, SNLC -

Alr Force Regulation 800-9, Acquisition Management

Production Management in the Acquisition Life Cycle,
dated 25 April 1973, has defined the concept of Design

to Cost as: i

".sei@) the unit production cost goal or
(b) the wiit production cost ceiling in selected ]
programs based on a specific quantity and rate \
of production, which is used as a design criteria 3
to control costs during design/development” (3:atch 1), :

The Joint Design to Cost Guide, dated 3 October
1973, has defined the concept in the following terms:

*Deslgn-to-Cost 18 a process utilizing unit
cost goals as thresholds for managers and as design
parameters for engineers., A single cumulative
“Average Unit Flyaway Cost" goal is approved by
DSARC for the program... The dollar value for
each goal represents what the government has
established as an amount it can afford (i.e., is
willing and able) to pay for a unit of military
equipment or major subsystem which meets established
and measurable performance requirements at specified
production quantity and rate during a specified
period of time"” (Lil:4),

¢ o ryna
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The Cost to Produce Handbook, dated 26 October

1973, has defined Design to Cost as meaning:

“.osthe feedback and the control of future
production, operating and support costs duri
the design and development process® (26:1).

Mr. George Sutherland, the Assistant Director

(Systems Acquisition Management) in DDRXE, defined
the concept in September 1974 in the followilng way:

",sethe term "design to cost” means the
management and control of future acquisition,
operating and support costs during the design
and development process under established and
approved cost objectives” (36:2).

In December of 1974 Mr. Sutherland defined the

concept in the following terms:

“The establishment of cost goals early in
the development process and the management and
control of {uture acquisition, operating and
support costs to these goals by the conduct of
practical tradeoffs between system capabilities,
cost and schedule* (82:5).,

In January of 1976 Mr. Bennett in a review of the

Department of Defense Directive 5000.,28 definition of

Design to Cost wrote:

“As a philosophy Design to Cost means the
control of system acquisition, operating and
support costs; example - managing the iife cycle
cost. As a quantitative contractual goal, Design
to Cost in general practice is defined as the
average unit flyaway cost with visibility
maintained in parallel with the total life cycle
cost* (1181)0




These "definitions" for Design to Cost have been
quoted to show that the concept has meant many things.
It has been interpreted as a philosophy, a goal, a
ceiling, a process, and a mechanism for management and
control. It is all of these things. The reasons for
these varied deflnitions of the concept are perhaps
best explained in a statement made by Mr. Arthur
Mendclia, former Assistant Secretary of Defense 3
(Installations and Logistics), to a Committee of
Congress: )

*The objective of this approach is to 1lnduce
designers to be cost conscious so that they will
make tradeeff decisions based on cost versus
performance."

He added further that Design to Cost meant the

establishment *,.. of predetermined cost ceillings...to

meet goals."” Finally he sald:

*In addition to providing flexibility in
choosing levels of quality and performance in the
design phase, it 1s also intended to provide
tradeoffs on production schedules in the manufacturing
phase” (82:2).

In all of these definitions the common theme of
controlling cost 1s prevalent. Whether it is acquisition
costs or operating and support costs, the thrust of
Design to Cost is to restrain cost growth. Establishment
of a not greater than goal by the government early

in development forces the contractor and the program
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manager to work harder to produce the system at a i

lower price. Likewise, emphasizing the need to reduce

out year operating and support costs when the system

is still in design forces the contractor and program

manager to consider this area more in the early

development, when tradeoffs to reduce costs can most

easlly be made. It has been estimated by many experts

that approximately 80 per cent of a system's total

cost 1s 1n operation and support, so early tradeoffs

can greatly affect these later costs. -
The question of a definitive definition for Design

to Cost still remains open, however, This writer

bellieves based oi. his research that the definition 1

of the concept has never been in doubt at the highest

levels in the Department of Defense. Design to Cost

means the same today, as when Mr. Packard first
identified it as a basic requirement in Directive 5000.1.
! The problem then, as it remains today, 1s one of accurate
estimation of what costs will be for a system, as it
completes development and goes into production and

deployment.

e

A clearer understanding of why accurate cost
estimation is a problem is provided in the following
discussion, First the pertinent paragraph from
Directive 5000.1 will be quoted, then the comments made
oy Mr. Sutherland in his tracing of the evolution of the

concept will be reviewed.
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Paragraph III C.2. in Department of Defense

Directive 5000,1 states:

“Cost parameters shall be éstablished which
consider the cost of acquisition and ownership;
discrete cost elements (e.g., unit production
cost, operating and support cost) shall be
translated into "design to" requirements. System
development shall be continuously evaluated
against these requirements with the same rigor
as that applied to technical requirements.
Practical tradeoffs shall be made between system
capablility, cost and schedule. Traceability of
estimates and costing factors, including those
for economic escalation, shall be mailntained” (57:4),
The key points to remember in the paragraph are
(1) cost parameters will consider both acquisition
and ownership costs, and (2) discrete (distinct and
separate) cost elements will be translated into design
to requirements. This means that both a per unit
production cost goal, as an example $1.4 million
per unit, and adl operating and support cost goal, as
an example $1.5 billion for the system per year,
should be established during the early development
of the system. This commitment to include operating
and support cost goals was emphasized by Mr. Bennett
in his comments on Directive 5000.28 (11:1), Earlier
Mr. Sutherland was stressing the same point,

Mr. Sutherland in reviewing the evolution of the
Design to Cost concept in the Department of Defense
specifically highlighted the point that in Directive

5000,1 the “design to" requirement was meant to lnclude
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total life cycle costs., However, it was apparent,
when Design to Cost was first introduced, that
reasonable operating and support cost estimates could
not be specified during the design period. As the
discussion on 1life cycle costs pointed out, data
collection systems were not set up to collect cost
data on individual systems, so accurate estimates,
when attempting to project costs of a new system based
on comparison with an older system were virtually
impossible. Consequently the early Design to Cost
goals were established on production costs. In
specific terms this meant as Secretary Clements’
memorandum of June 1973 spelled out - Design to Cost
would be the average unit "flyaway" cost for a systenm,
The following comment by Mr. Sutherland illustrates
this point:

“It was fully appreciated that Design to

Cost at this point was quantitatively addressing

only the production costs with operating and

support costs, usually much larger, being

considered more indirectly” (82:3).

Use of the concept to estimate production costs
and greater confidence in life cycle cost estimating
models has permitted a start toward implementing the
objective of establishing a goal for operating and
support costs in the early developmental phases,

This confldence apparently resulted in the recent

memorandum by Secretary Clements requesting that each
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for each system in development (29:14). This means
that today the Design to Cost concept is moving toward
implementation of the original obJjective stated in
Directive 5000.1 to establish discrete cost estimates
for all cost elements, which can be translated into
distinct parts.

It 1s, therefore, concluded that the definition
of Design to Cost both as a philosophy and goal it
the one that should be used in applying the concept
in the future. To reiterate, Design to Cost means to
control acquisition, operating and support costs.
It also means fo establish quantitative cost goals for
the system or subsystem to which Design to Cost is
applied. This means an average unit "flyaway" cost
goal and an average operating and support cost goal.
Both of these goals would be established as early as
possible in the acquisition life cycle.

Criteria For Use

Now that the historical and definitional evolution
of the concept has been developed, it is appropriate .

to consider . e criteria under which Design to Cost

should be applied. This section will present a
synthesis of findings concerning application of the
concept to earlier programs, It is intended to provide

a frame of reference to use in determining how to or
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provide & checklist or cookbook of groundrules for

use of Design to Cost. Individual Jjudgement and common
sense still are the primary criteria for successful

management, because all programs and situations have

. subtle differences, which will not permit a forced

application of remedies. However, a general set of
criteria will assist in utilizing good Jjudgement in
the acquisition 1life cycle.

The following list highlights those items that
should be considered in applying Design to Cost. The
order of the items i1s not intended to attempt to rank
order by importance particular considerations, because
these will vary with the program to which the Design
to Cost concept is being applied. Nor has the writer
attempted to include all criteria, which may merit
consideration, but only to identify a sufficient number
to provide the manager with a framework within which
he can develop those specific criteria required for
his individual program.

1, Design to Cost should be applied to .
programs which have low technological risk and
do not attempt to advance the present state of
the art (48:110)., This is because where advances
are attempted into unknown areas it 1s virtually
impossible to determine or estimate costs or even
to know all the elements needed to identify a
cost goal (38:86).

2, Design to Cost goals should be established

as early as possible in the development process
to permit meaningful tradeoffs to achieve cost
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objectives. This identiflies to the designers
what the overall goal is early enough, so that as
they design they know what they must strive to
attain in terms of cost constraints (26:35).

3. The Design to Cost goal should be a point
goal rather than a band goal. Establishing a
goal of between $1.5 and 2.1 million 1s not
sufficlient to emphasize the need to strictly
maintain a cost conscious approach toward reducing
cost growth. Knowing the constraint 1is $1.5
million will make the designers more conscious
of .the need to look for tradeoffs (U41:14),

4, The number of specified performance
parameters should be minimized in Design to Cost.
Additionally they should be rank ordered in
priority, 1f possible. This gives the contractor
maximum flexibility in tradeoffs to achlieve the
cost goal (13:2),

5. Design to Cost should require that adequate
time and sufficient funds are avallable during
development to permit examination of tradeoffs
and alternate design approaches (36:15). Constraining
either may cause suboptimization. This is
selection of the best short term solution to
maintaln schedules or budgets, but not necessarily
the best long term solution in terms of performance
and/or minimum life cycle costs (76:56),

6. Specific definition of what should be
included in the Design to Cost goal 1s critical
from a contractual view. For example, changing
from government furnished aerospace equipment
to contractor furnished aerospace equipment could
significantly alter the original cost
objective (26:135).

7. Success of Design to Cost may depend on
a lack of specification in the Request for
Proposal (RFP) (18:31). For example, possible
procurement of a new radio is 1llustrated. If the
Department of Defense so desired, it could cite
approximately 450 documents in telling the
contractor how to produce radios. This amount
of detail, if included in the RFP, would effectively
stifle contractor flexibility in manufacturing
a radio to the design to goal. RFP's should
specify only those items absolutely mandatory
for the system (18:134),
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used to establish the goal. In fact the best
approach might be to include various rates and

total quantities to cover the situation where

things do not go as planned. Programs rarely

have matched planned schedules or quantities (26:135).

9. The cost goal should be stable. The
goal should be changed only when it 1s necessary
due to a change in requirements, or it 1is
determined that the original goal was not
realistic (12:27).

10. Cost obJectives should be realistic,
The goal should reflect the best avallable estimate
based on avalilable data. It should not be too
high or too low. If too high there i1s no real
attempt to obtain the item at the least cost,
By the same token if too low it will prove
impossible to attain the goal (9:16-7).

11, A successful Design to Cost program
should ensure that contractor competition bde
maintained for as long as 1t can be realistically
Justified.

12, The Design to Cost program should
emphasize the method to track costs. This will
permit a periodic determination that the system
can still be produced within the preestablished
goal. It also provides a methodology to spot
problem areas early enough to take corrective
action. It also provides a historical record
of what happened during the process (41122, 26-27).

13, Design to Cost shauld not be generally
used where it is in the national interest not
to include a cr3t specification, or where a very
few units are to be produced. However, this does
not mean that it cannot be applied to subsystems
or components of the system under development.
The B-1 aircraft program is.an example where no
Design to Cost goal is applied to the total
system, but i1t has been applied to several
subsystems (9:i14).

14, The cost goal should be expressed in
specific constant year dollars. This provides
a baseline to measure costs against, even with
inflation affecting the value of future year
dollars. A means must, however, be included in
the program to measure the program against the
original dollar figure (41:18).

74




Arvaa.

F L PP A NN,

R ome = _¥ + e ————

i 4B J EBFF S WOVWEDST YV WYER Y P wHe vEs vITe e e ews

manager needs maximum flexibility. He must have

the authority to make trade-off decisions without

a rigorous through channels exercise, However,

the amount of such authority must also be limited

8o that mandatory performance, cost, and schedule

requirements are not traded off without a

review (26:24),

It has not been the intent to compile an all
inclusive set of criteria. The intent was to provide
a basis for intelligent development and application
of the ideas presented for successful management in
a Design to Cost environment. The objectives were
to (1) identify key considerations which can be applied
with careful selectivity and variation of intensity,
depending upon the scope and characteristics of the
specific program, and (2) recognize that a particular
approach should be "tallor made" for application to

each individual situation (36:15).

Application During the Acquisition Life Cycle
In this section the writer will review the material

concerning at what point in the acquisition 1life cycle
the Design to Cost goal 1s to be established.,

There are five phases in the acquisition life
cycle., These are the conceptual, validation, full-
scale development, production and deployment phases,
Earlier the definitions of the conceptual, validation,
and full-scale development phases were given as taken

from Air Force Regulation 800-2, Acquisition Management
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Program Management. The definitlions for the conceptual

and validation phases are restated now., These were:

“Conceptual Phase - Initial period when the {
technical, military, and economic bases for i
acquisition programs are established through
comprehensive studies and experimental hardware
development and evaluation.”

"Validat! Phase - Period when major program
characteristics ‘e refined through extensive
study and ana., s, hardware development, test
and evaluations. The objective is to validate
the choice of alternatives and to provide the
basis for determining whether or not to proceed
into full-scale development."”

Figure 7 highlights the important points of these
definitions., It also shows where the DSARC I and II
reviews occur,

It should be noted that the Request For Proposal
for the A-10, which called for a specific unit flyaway
cost, was 1ssued with a requirement for prototypes and
fly-off competition between two contractors. This
means that under current definitions associated with
acquisition that the goal could be interpreted to have
been established at DSARC I and prior to entry into
the validation phase.

The idea of early establishment of the Design

to Cost goal was highlighted in Secretary Clements®

memorandum of June 1973
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DSARC I DSARC 11
Conceptual Validation Full-Scale
Phase \/_Phase ﬂeve lopment Phase
Technical | Parametric Studiles
' Military
Economic Bases | Design Definition Hardware
for Acguisitloﬂ . Development and
Prototypes Testing
Studies and
Experimental Cost, Schedule,
1 | Hardware Performance
i and Studies and
Evaluation Tradeoffs
€-~----~-=--Deslgn to Cost Goal-======) |
i
i

Fig. 7. Design to Cost in the Acquisition Life Cycle
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“For future programs, a “design to a cost®
estimate will be established at the earliest
possible date, but not later than the entry into
the full-scale development phase of the acquisition ;
process” (23).

The explicit guidance is contained in Air Force

Regulation 800-2, attachment 5, which is Department

of Defense Directive 5000.26. That directive specifies
that valid Design to Cost goals be established by

DSARC If. As 18 seen in Figure 7, this 1s at the
completion of the validation phase and prior to entry
into the full-scale development phase of the acqulsition
1life cycle.

The specification that the cost goal be established
no later than completion of the validation phase is
logical, Because as Figure 7 shows, it 1s during the
validation phase that the crﬁcial decisions are made
concerning the ultimate configuration of the system in

! development., It 1s also logical that the goal be
established before the start of the validation phase,
because it provides a baseline to work against in the

tradeoff decisions, which occur during validation.

R e

Strengths
In this section the most significant strengths

associated with Design to Cost will be presented.
As in the criteria section there will be no attempt
to rank order in importance the various items.

The first significant strength is that Design
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to Cost causes the designers and the production
engineers to take a design/production team approach
during the design process. This means that the final
design 1s one that 1s compatible with what production
can produce without extensive modification of production
facllities. The net effect is reduced costs., This
approach represents a significant departure from the
past when designers would design a product, and then
the production engineers would have to figure out a
way to build it. The A-10 effort by Fairchild
incorporated the design/production team approach and
produced its prototype in a configuration very close
to the production model (38:42-43)., This team approach
can influence the next strength of Design to Cost.
The second strength 1s that Design to Cost may
provide easier maintainability through simplicity
of design. Having to meet definitive cost goals will
cause the designer to look for the simpler design,
which reduces production costs, but which may also
reduce maintenance time and cost in field operation.
There are several examples to 1llustrate this point,
but again the A-10 provides a good one. Many parts
of the alircraft were designed to be interchangeable
or easlly removed and replaced. These included
engines, parts of the wings, and tall assemblies.
While most of this effort was oriented toward a

reduction in production costs, 1t can also result in
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reduced field maintenance time and costs. Additionally,
with interchangeable components the number of spares
can be reduced, It should be noted that simplicity
could Jjust as easily increase costs,
The third strength of Design to Cost is that it
causes better definition of performance requirements. 4
This does not mean that more requirements are speciflied. |
It does mean that the requirements, which are
identified, are the crucial ones for the system, For
example, the only crucial specification levied for
the dc-ign of the Advanced Medium Short Takeoff and
Landing Transport (AMST) was cargo compartment size (47:150).

This example also l1llustrates the fourth strength
of Design to Cost, which 1s tradeoff flexibility.
Tradeoff flexibility results from a minimization
of performance requirements or specifications. By
identifying specifications in minimum terms of
performance, the contractor is provided leverage to
make cost effective tradeoffs. Formerly, the contractor
might be told what kind of metal to use, how thick
1t was to be, how many weld points it was to contain,
and many more requirements. But now by having only
the general specifications, the contractor can make
the decisions, which provide a system that meets the
requirements and the designated price.
The next strength of the concept 1s that the

tradeoffs can result in reduced operating and support
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costs., Flexibllity in tradeoffs and the simplified
systems obtained as a result of the team approach can

result in a system, which is easier to maintain in the

field. Examples on the A-10 include many identical
right-left parts on the aircraft, such as built-up

' engines, vertical tail, maln landing gear and
ltabillier ribs. Theée design features were incorporated
to reduce production costs, but they will increase
field reliability and reduce the number of spare
parts needed in the system. This could result in
substantial savings over the life of the system.

Another strength of having a designated cost
objective 1s that it provides strong motivation to
restrain cost growth., Managers are reluctant to have
to Justify cost increases without good reasons.
Likewise, contractors with incentives based on a
specific cost goal will be hesitant to break through
a cost celling knowing that it will cost them in
profits.

An additional strength of Design to Cost is that
it can provide an early ildea as to whether or not cost
objectives will be met. When a manager 1s working
with a constrained budget, or production is based on

projected cost, it is important to know early in the

Y Tl e

process if the designated goal can be achieved.

Design to Cost can do this, because it tracks the

total system costs and can detect early in the program
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unsatisfactory trends (41:22, 26-27).

Another strength of Design to Cost is that it
can lead to more standardized components. An example
is the engine for the A-10., The engine was originally
developed for a Navy aircraft., It was determined that
it could fulfill the A-10 requirements, so it was
used (38:153). This was accomplished with substantial
savings. The idea of standardized components has
potential for significantly reducing costs.

Finally Design to Cost gives the program manager
greater flexibility. He has greater latitude in what
decisions he can make, This increases tradeoff
flexibllity during the crucial developmental decisions
that can to a great extent determine if a program will
meet its cost objective,

These are only some of the strengths of Design
to Cost. They are summarized in Figure 8, These,
however, highlight the potential that the concept has
in the acquisition process. In the next section some
of the significant weaknesses of Design to Cost will

be presented.

Weaknesses

In this section weaknesscs of the Design to Cost
concept will be examined. The specific items represent
a synthesls of this writer's research, The weaknesses

have been determined to be the ones most commonly
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Integrated Deslign Team Approach

Maintalinability Improvement

Better Definition of Performance Requirements

Greater Tradeoff Flexibility

Reduced Operating and Support Costs

Reduced Cost Growth
[}

Early Information on Cost Goal Attainment

More Standardized Components

Greater Program Manager Flexibility

s Y

Fig. 8. Summary of Design to Cost Strengths
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identified in the literature and in lessons learned
concerning the concept. As before, there will be no
attempt to rank order by importance the specific itenms.
It should also be noted that not all supposed weaknesses
will be identified, only the ones which seem to represent
the type which the program manager could expect to
encounter in most situations.

One of the most important characteristics of
Design to Cost is the requirement for the establishment ]
of a cost goal as early as possible in the development
process. This by its nature represents a significant
weakness of the concept (50:127). The early activities
associated with the development of new systems are %
very dynamic. Tradeoffs are made. Test results may
change the direction of the development. Reassessment 1

of the threat may alter program direction., Environmental i

restrictions could alter the development of the system.
Planned production rates may change in response to !
the results of initial tests. All of these items
could drastically affect a goal based on a paper
assessment,

It 18 realized that the key to the success of
the Design to Cost concept is the early determination
of a specific cost goal., However, as this discussion l
has shown, it may be extremely difficult to maintain
a goal established so early in development. So, one

of the cornerstones of Design to Cost, itself,
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represents a significant weakness of the concept.

Design to Cost may stifle innovation and restrict
the use of new technology (9:112)., While an argument
can be made for the opposite viewpoint, as well, 1t
seems logical that the contractor with a specified
cost goal will tend to use what he knows will work,
rather than try a new. approach, which may reduce
costs but involves risk.

Successful implementation of Design to Cost
requires a situation with maximum flexibility. This
implies a need for a flexible environment, where many
tradeoffs are avallable (76138). With few tradeoff
pcssibilities the contractor's flexibility in making
changes which satisfy performance requirements and
also reduce costs are limited,

Design to Cost could cause suboptimization.

The short term goal of meeting a speciflc cost ceiling
may cause declsions which neglect long term cost
effects (76156)., This deficiency has been recognized,
as most writers stress the need to consider out year
costs as well as the near term costs., However, when

budget dollars and schedules are constrained, it is

easy to ignore potential deficliencles, because they

will not be a problem for several budget periods, and
then they will be someone else's problenm.,

There is the normal institutional blas against
change (48:125). Part of this bias results from the
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belief that the approach in the Department cof Defense
should be performance first at any cost. Mr. Sutherland
and Mr, Jacques Gansler, Deputy Assistant Secretary of
Defense (Material Acquisition), Office of the Assistant
Secretary of Defense (Installations and Logistics),
commented that the traditional approach had been
“...Sest performance that technology can provide--cost
being, at best, a secondary consideration” (36:4).
Earlier, Dr. Foster is reported to have said:
“,.o.we must change the objectives of the
research and development community emphasis on
improving the state of the art in performance, to
an emphasis on quality equipment having an acceptable
performance for an affordable cost* (48:129),
This blas against adequate performance is illustrated
in the A-10, During that program a dispute between the
best performance at a higher cost and satisfactory
performance at a lower cost had to be resolved by the
Chief of Staff of the Air Force (38:152-53). Another
part of the bilas results from a lack of confidence in
the validity of the cost goals. This was noted in a
Government Accounting Office report on Life Cycle
Costing and sppears to be applicable to Design to Cost
&8 well (44:19), Finally there is the normal resistance
to change, which occurs when any new concept or approach
is introduced.,

Oﬁe of the major deficiencies of past acqulsitions

has been "buy-in" tidding. One goal of Total Package
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Procurement was to eliminate this practice. In Design
to Cost this practice could become "performance buy-in",
In this situation the contractor might promise great
performance at the Design to Cost goal, but then fail
to match his claims with results after getting the
contract. This problem can be partially eliminated
through  the use of contractor "flyoffs" cf prototypes
to determine how well promises match results.

Another possible deficiency of the Design to Cost
concept may be a fallure to include versatility in
the system, because it adds to the cost of the system.
The General Accounting Office during a review of Design
to Cost considered the concept's possible impact on
versatility. In 1its report it concluded:

“Design to Cost may limit opportunities to
design weapons with bullt-in potential. It may
also reduce instances where a weapon 1s designed
to carry out more than one mission or satisfy
multiservice needs..." (9:112),

The Department of Defense has recognized this potentlal
deficiency. In its response to the report it indicated

that the DSARC would during DSARC reviews examine each

new system for multimission or multiéervice possibilities

and also for possible system growth (9:14),

There may be a tendency to specify cost goals too
deeply into the factory or manufacturing cost levels.
If goals are established at levels too specific, the
benefits of Design to Cost in contractor flexibility

87




GSM/SM/76S-3

and cost control might be adversely affected, As was
pointed out earlier, the more that is specified the
less flexibility the contractor has in meeting cost
objectives (26:113).

Finally, Design to Cost may increase development
costs. As was pointed out in the discussion of criteria,
the concept requires sufficient development time and
money to be used successfully. This potential need
for more time and money could, therefore, be a
weakness, because the program manager is working
against budget and time constraints., Consequently
his flexibility 1s limited, and he may be forced to
make less than optimal decisions to stay within the
budget and schedule constraints.,

In thls section several of the significant
deficlencies of Design to Cost have been highlighted.
They are summarized in Filgure 9, This 1s not a complete
listing of weaknesses, but it represents a synthesis
of the major weaknesses assoclated with the concept,

The intent wae to provide a framework of reference

for the program manager to use in his application of

Design to Cost., These weaknesses represent the kind
of pitfalls which await the manager, who does not

e So e i

carefully consider all of the nuances associated with

the options facing him in applying Design to Cost.
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Too Early Cost Goal Establishment

Restriction on Innovation and Use

of New Technology

Avallability of Few Tradeoffs

Suboptimization

Institutional Bias Against Change

' Performance “Buy-in"
: Reduced Versatility

R | Too Detalled Factory Cost Goals

Increases in Development Costs

Fig. 9. Summary of Design to Cost Weaknesses
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VI. A Comparative Analysis of the Concepts

In previous chapters the concepts of Total Package

Procurement, Life Cycle Costing, and Design to Cost have

been analyzed individually. In this chapter the
similarities and differences of the concepts will be

presented. However, before accomplishing a comparison,

the baslic objectives of each concept will be reviewed.
Total Package Procurement was the first concept
analyzed., Its main objective was to eliminate cost

overruns in system acquisition. It attempted to achtieve

this objective by (1) extending contractor competition
beyond the design stage of a system's development,
(2) establishing firm performance requirements, schedules,
and production quantities, and (3) using a firm fixed
price contract as the basis for contract award.

Life Cycle Costing was the next concept analyzed.
Its main objective is to attempt to determine the total
costs of acquisition and ownership of a system over
its full life and then use this information as an ald
in decisions concerning acquisition. Total cost
includes the cost of development, acquisition, operation,
support and where applicable, disposal.

The emphasis in Life Cycle Costing varies through
the acquisition life cycle. During the conceptual
phase, the concept aids in assessing designs for cost

effectiveness, and provides a baseline estimate for
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use in tradeoff analyses. In the validation phase

the cost information obtained from Life Cycle Costing

is used to determine the most cost effective alternatives
and to aid in source selection. In the other phases

the total cost information helps establish the validity
of the techniques used to make initial estimates and

to provide bases to develop better cost effectiveness

in future systems.

Deslign to Cost was the last concert analyzed.

The primary objective of this concept is to obtain
systems with acceptable performance at affordable costs.
The coucept emphasizes that cost should have equal
importance with performaﬁce and schedules as design
parameters.

Review of the concepts has determined that a direct
comparison between all of the concepts is not appropriate.
Total Package Procurement and Design to Cost have
characteristics that indicate that a comparison is
appropriate between them. These characteristics
include similar design specifications, type of program
office involvement, similar technological risks,
similar criteria, simllar strengths, and similar
weaknesses, On <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>