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CHAFTER I

INTRODUCTICN

For the past decade, the United States has relied on
the qualitative superiority of its weapons to offset the

gquantitative advantage of its principle opponent, the

" Soviet Union,

This preference for high. value, muitipurpose
we2nons and the desie to substitute technology
for manpoier can be callad an Amarican
'doctrine of quality'.[13:550] :

fn ré?edt years, the Soviets nave'erpded the U.S.'s
once sizable qualitative edge.'Thexr present generation of
mi]itary ‘éﬁrcraft, the M1672§/27 Flogger, the Sﬁ-19
Fencer, and thé TU-22M Backfife,lali'possess far grecater .
performahce than their‘predeceesprs (23). The Sov{ets are
pfesently di’igentiy wdrking on other ggneration of
advanced 2ircrait. The MIG-ZQ'FUluéum, the éU-27 Flankér,
and tne 'TJ-122 Blackjack are said to be equivaleﬁt to or
better than the U.5.'s F=15, F-16, and B-1 aircraft

(23:73,83,8%;24). In his recent testimony to ‘Congress,

~the, Undar Secretary of Defense for Research and

_Enginearing (USDRE), or. Richard D. NDetauer, staved that

our  comtat forces face  superior . quantities  of
increasingly capable Sgviaet equipment in almost every

mission area (9:1-4)."
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This impressive growth in the Soviet cnmhat potenrtial

_is due, in part, to tneir massive commitment to military

research and development (R&D). As shawn in Figure One,
the USSR has outspent tne US by a wide margin in research,
deveIopmént, test, and evaluation (RDT&E) in the last

decade (9:1-10). This sustained RDT&E effort has enabled

the Soviets to “close the technology gap (9:I-6)." They

have gained ground :dn six wvital basic technolégy areas

(Figure Two). This trend is alsoc evident in deployed

weapons Systems, where the Soviets have eroded US

superiority in seven areas (Figure Three).

Because of the inherent stability in Soviet weapon
system devalopment and procuremeﬁt {(1:8,22:3), it is
obvious that they will continue to improve their‘wéapon“s
technology. The, threat to the US and its allies, whose
technological lead has been a vita]’faétor in the military

balance is clear (9:1-6)..
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' Vs U.S AUSSk 1ISSR
BASIC TECHNOLOGIES SUPERIOR EQUAL SUPERIOR
1 Ar:odynemun Fluid Dynomcs X
3 Autotae Comrol X -
3. Conversiona! ™ arhead (inclucing X .
Chemice’ Eaplovives) ‘
4 Comyvir x
$ Dwecied Energs x
& Ekecrio-Opica! Sensor X~
Uncivdmg IR)
71 Gusdance & Nasigatron bR
§ Microelecirons: Mnmolsl b 3
& Integrnied Cucun !
Manufasture
9 Nucles: Warheal } ¢
10 Opucs X -
). Power Sowrcm (24obile) x
12 Producuoa/Manufeciunng | x
13 Propulson (Asvospace)
14 Rader Senesr X =
15 Segnsl Procwmung x
% Softwere ) X’
17. Sicalth (Sgnmure Reducrion
Techaciop ) '
13 Strucivrel Maensh (bghtwerght. X =
hgh streagth) _
19 Submanse Devection ; X
© (mciutng Sdenciag) ,
20 felecomuagaions X :
Fiqure 2 _ ,
Relative US/USSR Standing in the 20 _ ' : .

Most Important Basic Technology Areas
(DeLauer,1983:Fig.11-4)
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CHAPTER II
FROBLEM STATEMENT

Background

- The cfiticaT'question, how to maintain fhe military

balance between the United Statgs and the Soviet Union,

“has generated much furor and controversy. Some feel that

our reliance on high technology, the American ‘doctrine of

qué1ity', is, in itself, faulty. They believe that

simpler, less costly weapans are what is needed.

The current weapons, they argue, are too
expensive, have a poor orerationally ready (OR):
rate due to their complexity and would, after
all, be defeated by a greater number of cheaper,
simpler weapons. [17:53]

The reformers feel tnat simpler weapons will have

‘inherently ‘better OR rates . and, because of  lower

acquisition costs, more of them can be bought; leading to

a more wuseful and, less vulnerable ; force  (17:53).

Unfortunately there are ~§evefa1 weaknesses in this

reasoning.

Soviet Experience

One i< the. automatic assumption that simple weapons
have inherently better OR rates than high tachnology ones.
The Soviet .experience in this area is enlightening, "The

general trend in Soviet weapons is for he!atively simple

5




designs (2:14).“| Simpie designs are easier and cheaper to
mass produce.'_They-are also eésier to operate and
maintain, thus reéuiring less training of personnel -
(22:14). However, the simple-Sbviet equipment'is not
ne?eséariTy re1in1e. The'SOViét's.main tank engine, for
example, requires aﬁ overhaul evéry.2§0 hours (versus 500
hours 'for any’majntenance on the US ™-6G tank engine).
The US Army's OpFors (Obposing Forces) wunits, which
operates and .maintafns captured Soviet equipment, feel
that it is. "simpler, even crude, in design but very

unreliable (8:141)." Soviat aircraft have had similar

problems.. ‘The MIG-21's éngine is overhau]ed'évery‘300.
ﬁoursv (versﬁs 800. hours for typical Us fighter
'engines)(83177). Some MIG;ZT-components, such as.the
“aircraft's brakes, are replaced after only .two or three
flights (8:169). Fortunately, due to its simple design;
the MIG-21 ié relatively 'eésy to repair; Tﬁe Tow
relfability of fhdﬁvidua1 Soviet weapons may be one reason
they producé-and field so many of them (8:138). The
. Soviet'ﬁ empﬁasjé 6n ma§s, é!ongfwitﬁ their rigorous,
effective ﬁreventative'maintedénce phécticgs, may ?nsure’
that the hnrgliability”of-the‘individUa1 weapon doeS'qot 

detract from their overall force'relfab11ity.'

F-15 Experience:

Another assumption 13 that high fechnolbgy weapons -

7




have low OR ratés. Howéver-these Iow'OR rates may not be
inherent in the weépoh itself (17:55). 'It may be caused
by imp}oper or inadequate logistical Support. The F-15
aircraft provides a‘good'il1u$tration of thfs. Numerous
problems suffered by the F-15 could be :raced to a lack of
needéd spare parts, both for the aircraft and for its
essential support equipmen;; Euchv as thg> Avionics
Intermediate . Shop (.A.IS) test set. This deficiency
resulted, in part, from a decision to Eut batk on the
spare parts buy in order to preserve.fhe number of F-1%
procured (14:30). When sufficent spares are available,
the F-15 has had an ihpressive sortie E;ﬁé {14:26). One
must evaluate the entire problem before concluding riit

high technology is the cause of'a low OR rate (17:5%;.

Use of HiQh Technology

In fac;, high technology, if broperly used, can lead
to more refiable,- less ,expeﬁéive systems (17:54),.
Qommércial produtts such,asAie]evisipnk, calculators, and
“comouters arév‘good examples bf thislit Solid state
electronics have lead toIMOEe durable, reliable systems
C A th easierldiagnosfs'and'repair.wﬁe& failures do arise
(17:54). UnFOﬁtQhate]y, in the  military, advantéd
technq]ogy hés'been commonTy used to increase performance
at the expense of reliebility (7:16).. | “Military

preferances for high performan*;...fhave] dominated the US

8
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[acquisition]'process (13:548)." This prefefende has
resulted in many.weapons systems with outragequs cost
- growth (the C-5A, the F-111, and the B-1A for example),
When fiélded these sysfems often can not achieve their
high performance potential because of maintainabi]ity and
reliahility problems. Yet high technology, .if' properly
app]jed, can.improve reliability, legsen maintenance, and
lower costs. Somé reformeré, in their quest for siﬁple

weapons, may have overlooked this fact.

us Camparative Advantage.

The mqin weakness in the case for simple weapons is
that, it is fn high‘techno1pgy that the US still enjoys a
comparative advantage (17:55). Although the USSR has
closed the gap in recent years, they are'still behind in
many technological areas. Their ongoing efforts to steal
US technology ‘is ample proof of this. However the USSR
has a substantial advantage over the US in‘manpower. They
~insure fu11 use of ;his,advantage through their policy of
universal military conscription. As General George S.

Patton once said:

v "[The Russians]...have a very large manpower
which they are willing to expend recklessly. It
therefore behooves us to devise military for-

~mations which will exploit our natural aptitude
for machines and at the same time save our
somewhat. limited and very valuable manpower,
[17:56] . ‘ .
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As former Secretary of Defense Harold Brown ctates:

The United States has no real choice but to
adopt high technology for it- weapon systems,
given the relative advantage it can provide over
potential adversaries... [7:16] :

To fail to make use of this -~dvantage may be throwing away

a major equalizing factor (7:20).

Resource Requirements

More capable, higher technology weapons can ot only
offset numerical -superiority, but also dllow one to

accomplish the same mission with fewer resources (17:56).

Greater numbdbers of simpler weapons would require more

resources. A mdch larger standfng army would be needed
(17:56). The increased personne1' costs alone would
signifizantly reduce the savings from Ioﬁer acquisition
costs (17:56). The highef logistical costs of maintaining
such a force aré also not addressed by thé'reformersl
Simp]e_weapons may not fequire the expensfve support
equipment .and highily trqined technicians that high“
techno]ogy weapons sometimes do, bdt they‘stili Aeed fuel,

spare parts, maintainers, and facilities. If ﬁoreisimpie

"weapons are bought, more ‘support is required.

It is questionable if the American public will accept

such a sizable increase in our Armed Forces. The prasent

US force levels are, historically, the highest ever

10




maintained in peacetime. It is doubtful if an increased
volunteer force, with its agsociated increased éxpense, is
politicaliy or even'economica11y viable. 'Reinstitution of
the -draft may be required--a very controversial option

with many difficulties (17:56).

The United States may not be able to abandon, in
total, its "doctrine bf quality" (7). To do so‘WOuld.Be
to abandon our strength.and rely on our weaknesses. The
USSR, because of its political and economic system, will
always be able to maintain a large military force. The US
may not. A larger Standing army, with its associated
costs, may'not have the support of the American public ar
its political leaders (7:16). The present level of
defense spending is a]ready being sharply criticized; thus
it is hérd to envision the increased spending needed for a
"simpler defense force' being accepted. If. correct]y'
handled, advanced technology can lead to a‘more effective
" military capability (7:16). It is in’téchnqlogy that the
US still maintains a edge over the Soviet Unfon. B

The United States must not fail to take ad-
vantage of the advantages .it has-<-economic, poli-

«tical, ideological, or any other. And among all

these, the US technolcgical advantage is one of
the most fimportant and valuable, [7:26] '

11




Problem Development

Unfortunately, the maintenance of the US's vital qua-
“litative edge has had numefous problems. As noted, one
problem may lie in a potential for mis-focusihg.on‘weaboni
system charactgristics, su;h'as speed, payload, and cange,
to the detriment of other equally important factors,.like
the wcapon's.reliability, maintainability, avai]abi]ity,
and operabi]ipy. The military often demands advanced
capabiIity beyond present requirements simply because it
appears feasible (11:106). The tendency is to obtain the'
best possible fheoretica] weapons system characteristics
and to use-ﬁigh technology predominately for tﬁat purpose

(7:23).

Factors in the Military Balance

(his approach over]oog§ that quality is only one
factor in the military ba]énce.. The German Army, in both
World Wars, maintained a quaIitctivé'advant@ge in.pasic
@iitary'hardwaré-otanks;‘arti]]ery; aiccraft.(7:17)._ Yet
fhey ware u1timéte1y defeatedc by foes “ith less
scphisticated,‘lbut more 'numerous,-.weapons; Superior
weapons alone are not enocgh to inscre miiitdrj success.
Subjéctive factcbs, _such, as morale, training, strategy,
téctics, and leadership, are 6ften equalily decisive:
(7:18),' fhere,arebmany examples of military victory by

inferior forces with proper dccthihe, morale, and supe(ior

12




generalsnip (7:17-18). Better weapons can greatly affect
the military balance bpt.énly‘in concert with oc.her

equally important, but less measurable factors.

-y

Weapons Technology vs. Military Technology E

Another cause for this possible mis-focus on weapon
system characteristics may be a misperception of just what
military techno]ogy is (13:545). Military technology is
often 2quated - with ‘weapons system characteristics.
However, Weapons system charactaristics are more a measure
of weaponsv technology;;'military‘-technology .enpcompasses
more than just weapons.

Military technology is the set of skills .and
techniques that contribute to the production,
-operation, and maintenance of weapons and other’
military equipment. Technological progress...is
simply the ability 'to accomplish objectives that
were not possitle to achieve [before] or to
reach prgsently achievable objectives more
cheaply or efficiently. [13:545]

Military technology is thus not a matter of just weapon
system characteristics or capabiTjty, it is a matter of

cotc! force capebility.

'Adverse‘Consegqences

~ There have*ﬁéen'sevefa?_unfortucate'ouccomes of these
mispercéptions;'Thé firét‘dnd_focemost.fﬁ'tﬁe increased
cost of acquiring,{operating. and maintainian our 'eépon

systems, To obtain the best péssible keépon‘system

13




characteristics, bursuit of leading edge technology is
required. This increaases risks and'u};imately leads to
higher prices and cost overruns (11:106). fhe'pursuit of
maximuﬁ performance is also cost]y-in_term§ af syscvem
reliability and -maintainabiiity (7123}. . The weapon
system may indee-d havg ‘outstanding' fheoééﬁica! per-

formance characteristics; but, when fielded, its.perfor-

mance is often nuch less. Operators may not have the

training or experience to fully ut{if;e the weapan's
performancevcapabilities. boctrine may_preclude its use
altogether, For example, restrictive Fg\es of engagenent
préveﬁted optimal use of air-to-air,migsiies in Vietnam.
Maintenance is not only -expensive'}in material and
manpower, but may even be beyound thé}ﬁapability‘of thé
system's user to perforﬁf The C-SAffs a good iTlus-

tration of this, Obtaining the best possible performance

‘characteristics is a diffiqu1t,‘strenudus task. Many

times deployment of a crfticaliy needed géapon is delayed

as the “bugs" are worked out of it:‘léading edge tech-.

no1ogyu Technology which gives the syffeﬁ pehfarmaﬁce

that may not be really necessary. "Better is the enemy =

of good enough {11:106)."

Requirements Procass
The root problem may lie in the US military requira-

ments process, .As noted by Colone! Richard G. Head,

EE
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‘there is a large asymmetry in the US .and USSR require-

ments process. The Soviets reject the thesis that

weapens dictate strategy; they use military doctrine to

produce military requi:emenfs, to 'pull' technoloay

(13:548). In contrast, “doctrine is only one of many"
determinates 6f US wcapon désign (13:548).  The US
‘doctrine of quality' and the hjsperception of military
technq]égy have often lad tb fﬁe basing of US mklitary
requirements on the adversaries' weapon characteristics-
-the "“tnreat". New weapons are required wﬁen the enemy
increases the performance charécteristiqs of the weapon's
Ne possesses. However, weapons, by themselves, are only
part of the réa] threat. It is hbw.these weapons are to
be wused, in what environments, by. what trosps,for what
objectives--these '‘and other Qynémic factors determine the
true capabflity of a weapon aﬁd'the threat it may pose.
To react to changes in an ehemfeﬁ‘ weapon charactéri;tics

is simple, but it Can_be expensi?e'if based on imperfect

-

information., The dynamic factors are mdreﬂéubjectiye and

leSS'subjeCt'to simple quid-pro-quo increasaes .in weapon

system characterictics.

Rola of Doctrine

Doctrine can play a vital role in the complex task of
defihidq weapon system requirements. [t can lessen the

uncertainty of. the dynamic fqg;ors-?nvo1ved. One reason

15
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- for requ1r1ng the best possible weaponm performance

.vcharacter1st1cs is the desire -to cover all future

posswb111:1es--a very difficult if not impossible task.
Propef use of doctrine can establish bounds on the future
pbsEibinties, by defining future mission requirements.

It can thus shift the focus of the process from weapon

" system perfermance to ‘total ‘force capability. Doctrine

qane also h1gh11ght areas where advanced technology 1is
needed. This can enhance the efficiency of technoloqical
changes and can limit the number of,unnecessary advances.
Deetriqe can give needed discipline not onT} to Qhe
requirements process, but also to weapons éystem acquisi-
tfdn. However, one prob]em lies in the interactive
nature of doctrine and technology. Doctrine can indeed

'‘pull' technology, but technology can also ‘push' ‘doc-

‘trine. Given the rapid advance of technology in certain

areas, a means of dealing with this paradox is needed.

The Evo1utwonary Approach

An evolut1onary appraach to.weapon system acquisition
may offer one way of dealing with this problem.
Traditioeaj1y, weapon system cheracter1st1cs_were rigidly
defined earfy_on in the'prog?am. besed on prejected

'threats' far into the future. As noted, this tends tp

‘drive requirements towards urproven _ leading edge

“technology, to guarﬁntee the system'§ viability over this

p
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uncertain period. In an evolutionary approach, initial

weapon system characferistics are based on bresent
doctrine, technology,bénd threags. This initial design
has 1inherent growth potential, so that as technology,
doctrine, or threats change, the system can evolve as
needed to meet the new requirements. This acquisition
approach can apply equally  to a -‘phll' or ‘'push'
situation. In fact, present evolutionary acquisition
approach definitions can be divided along such lines.
One,.térmea evolutionary acquisition or tA [developed by

the ' Armed Forces Communications ana Electronics

 Association (AFCEA)], leans towird a ‘'pull’ approacﬁ in

defining system requi}eménts {3). As defined by the

American Defense Preparedness Association (ADPA), the

other, called pre-planned product imprqvemenﬁ {P3I) tends

more towards a 'push' approach. This thesis, to simplify
matteré, will refer tu any evolutionary' acquisition
approach as P3I. Current Department of Defense (DOD)

directives address the concept of evolutidnary acquisi-

tion as P3I, and, as will be shown further .in the thesis,'

there'may be some va1ﬁdity in treating EA (as defined) as

a subset of the DCD's general P3f concept.

17 '
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‘CHAPTER III
PRE-PLANNED PRODUCT IMPROVEMENT

Acquisition Improvement Program

In 1981, the Department of Defense initiated an
Acquisition Improvement Program {AIP)-- an effort to
‘improve the resultg of DOD weapons policies and to
instituté an.seriés of reforms (16:17). It is based on
former Oeputy Secretary of Defense Frank C; Carlucci's
thirty-two acquisition initiatives, one of which is. P31,
' The.tasic concept behind P31 is to plan right frdm a
system's origin to incorporate improvements over the
course of the system's life (6:1). This is not a new
concept in its entirety (4:27)., The US military hqs been
improving its existing weapons from many years. The B-52
aircraft, for’example, has evolved froﬁ a hign altitude,
penetration strategic boqbér to a stan&-off. cruise
‘missilé launcher, .The present vergion of the M-60 tank,
the M-BOASZ is much fmpfoved over {its e&r\ier‘brethren.
It hhs IR sensors, laser guidance, and a:shoot on tﬁé
‘move |capability that the 1n1tial1y'f1g1ded_{ersioq did
Aot possess. P31 differs from these‘pést modi?icatiqn
efforts in thatlit stresses‘preplanning for‘improéements
while the_systemlis still in the i{nitial design Spages

(5:2). P31 prononents char&cterize it as a cﬁherent

modiflication strateqy which plans for multiple .syétem

18 .
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upgrades far into the future, in contrast to the
reactive, ad hoc modifications presently undertaken

(5:12).

‘P31 supporters feel that this acquisition approach

offers several substantial benefits. P31, if properly
implemented, should lessen technological risks, since
advanced, leading edge»ﬁechnoldgy is no 'longer required
in the weaporn system. The system can now grow with the
technology as it matures. This should'lead_ to shorter
écquisition times, and lower acquisitidn costs. Less

r1sk means'better attainment of program cost, schedule,

and performance goals. P3I allowe a system, through its

growth prbvisjons, to kéep pace with a changing mission

and thredt environment. This should Idwer'mOdification
costs as well as.lengthen the system's usable life.

(4,11,15,16,19)

Industry has used a P3I strategy (though'not,Tgbeled

as such) gquite succéssfulIy (19:18).  P3I has the SUpboFt

and jnferest of many.*not»only in 00D, but also in.the

General Accounting Office (GAQ), and in Congress (5:11).

Despite this.interesty the P31 concent remain; vague and

ﬁl1-defined'(6:3). - Its advantaqés have received much

attention and press but still a-e theoretical and

abstracf (5:11).
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Research Objective

The research objective of this thesis-is to evaluate
previous aircraft program examples that have utilized an
svolutionary (P3l) approach to determine if the expected

benefits a <rued.

Research Questions.

This thesis focused on the fnllowing research
questions: Y

What is P3I? What is :he'relatienship‘between P31
and EA? : R )

Does use o? P31 enhance a hrograms achfevement of
cost and schedule goals?

Does P31 use lessen acquisition times?

20




CHAPTER IV
RESEARCH METHODOLOGY

Scope and Limitations

This thesis looked at past military aircraft brogramé'
to find any +«hich, in some way, anticipated or planned
for qua1ity, improvements in its initial design.
There were few such programs (6:23). One,.the Navy's
F-14 fighter pfogram; had sufficient, readily available

data for analysis. As noted by Captain Sickels in his

thesis, civilian use of P3I has been more commonplace

(19:18). But the data for these projects. is difficult

(if not impossible). to obtain and their widely varying ff

format§ would make analysis impractical (16:18,45). This
tnesis will concentrate on the <cost and schedule
achievement of the F-14 program and compare it to the
cost and schedu]e performance of 1960s and 1970s wéapoh-
system programs. Performance goals were not evaluatedf
since some programs‘ perforﬁance data were classified
{The F 14 was one of these programs) ~Thus this aspeét.

of P3I was. not ana! 'yzed,

Study Framework

The study framework includes an initial effort to

astabiish a broad, encompassing definition of P3I. Then

21




the P3! example is compared with other non-P3[ programs
to assess relative attainment ¢f cost and schedule goals.
A comparison of respeétive cost drivers between the P31
program and selected, siﬁi1ar programs was drawn to
further highlight P31 benefits. Finally, the length of
acquicition tfme-for these programs is analyzed to see-if

P31 does shorten the process.

Data Collection Plan

Question One: What is PI1? What is the relationship
between P31 and [A?

Data collection Eegan with a focused search for P3I
related literature, P31 program examples, and P3I related
studies. .The review also included articles and reports
on EA., The initia1 intent o% the literature search was

.to enhance deTinition of P3l and to relatebEA to P3I.

Question Two: Does use of P3l enhance a program's
achtevement of cost and schedule goals?
Question Three: Does P3] lessen acquisition times?

A review oprast military aircraft program studies

was undertaken to ' find P31 examples and to 'gather

comparative data on non-P3I programsQ This information
- was examined to see if P31 use did imprdve achievement of
cost and schedule goals. Acquisition times were also

extracted to assess P3l's impact on'pfqgram length.

22




Data Aralysis Plan

Question One: What is P3I? What

is the Ee1ati0nship

between 931 and EA? ' o

A refiew of the variods:éffiéles and reports'on P31
and EA éstab1ished a basic uhdérstaddjng of the concepts.
Utilizing the definitions of P3jf§nd EA espoused by their
respective supporters, thejtyo,;pncepts wére COmpared and
contrasted to high1ight 'differences "and similarities.
This effort enhanced undéfstanding of the relationship

between EA and'P3I.

Quéstion Two: Does use bf P3] enhance a  program's

"achievement of cost and schedule .goais? .
Question Three: Does P3] lessen acquisition times?

This thesis uses the Navy's Grumman F-14 Tomcat
fightér aircraft as an example of P3I use in a major
weapon system program.  The F-lé's cost and schedule

performance was compared. and ,hbntrasted " with other

- non-P3I -programs to answer research question two.

Acqusition times were also compared to resolve research

question three.

Data Sources

~The data for the quantitative portion of this thesis

_—— . . ‘. . 23.




was obtained from four primary sources.. Two Rand
reports, "System Acquisition Strategies"(18)  and
"Acquisition Poiicy Effectiveness: Department.of Defense
Experience'in the 1970s"(10), supplied the necassary data
for pfibr weapon system acquisition;. These reports also
provfded the,mefhodoldgy used to make required déta
adjustments to compensate for the effect§ of inflation
ani any variations in the procdrement quantity (Appendix
A). ‘ The data format of the Rand studies was also
utilized since it providead an ’excél]ent ‘means of
comparing and contrasting the various program results,
The F-14 data came from two.mid-197Cs studies: "The Study
6f' The Cost Growth of a Major He#pon System™, an
unpudblished masters thesis by Lt. Col. D. E. Webb, and
"The,F-lﬁ and F-4", a comparative anal}sis undertaken for
the US Navy by the Columbia Research Corp. (Appendix B).
This data was adjusted using the above methods to conform
to_the Rand format, thhsiallowing valid comparisons to bé

made.

Data Format

The Rand studie§ used a resq1t vesus goal'apbroach in

their data analysis (10:25).  Raw data -was drawn;frpm

system program-offices, contractors, and various reports.

-+ for pre-1968 weapon systems. (18:1) and f:om'the Se]ected

Acquisition Reports‘(SAR)'fdr post-1968 programs (10:5).
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For analysis of program costs, the development estimate
(DE) was divided by the cur}ent estimate (CE) to. prouduce
a goal-result ratio‘(10:25); A ratio of unity (1)
sfgnifies achievement of the goal (the DE) while a ratio
of less than unity (<1) indicates a cost underrun or a
cost 'saviags'. A ratio greater than unity (>1) means a
cost overrun. The CEs were adjusted accordingly to allow
comparison in terms of constant dollars and production
quantities. For program schedule, the ratfo of the
number of months actually taken fo the number of month§
originally scheduled was'used. Again, the preferred
r&tio is unity or less than unity. To ana]yze.program
length (the Rand ratio only measures accomplishirent . of
the stated,goal}, this thesis measured .the time from the
initiation of‘ full 'scale development (?SD) to the
,delivery of the first production model. Thic measure
avoids the difficult task Af accuraté1y determining the
.amount Qf time spent in- -thé _ conceptual and’
démostrgtion/validation'phdses (§0:59). The use. of the

date of the first production mgdel delivery as a stop
date avoids. the proS1em of'ana1yzing production schedule
_deQiafions due to qﬁantity changes or program'strétch;
outs. These schedule dgv%atiuns are vsually due to
budgetary turbulence, which may or may .hot reflect
internal progfam factors. The |difficulty of correctly.

assessing the cause of .such changes, wnether poltitical,

25
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economic, or technical, is thus avoided..
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CHAPTER WV
EINDINGS

Question One: What is -P31? What is the relationship

between P3] and EA?

Literature Review

The Americzn Defense Prepardnéss Association (AfLPA)
was'nne of the first defense related organizations to
research the sfrategy of planning for improvements in a
weapons initiai design. It was the ADPA who labeled the
strategy pre-planned product improvement or P3I (19:18).
In Apri]'IQSO, the ADPA and the Defeﬁse System Management
Scnool sponsored a three day seminar and workshop to
'_discusé'P3I and recommend how to implement it in tﬁe poD
(19:21). Tﬁe'pfoceedings of fhis’seminar (the \ADPA P31

Seminér and Workshop Prqceedings) was the first

comprehensive discussion of P3I (19:22). The January

1981 issue of the ADPA's ‘' National Defense mag&zine
published several articles based on the findiﬁgs bf'the
‘seminar and workshop. Dr. Hylan 8. Lyon, the ADPA p31
”commit&ee chairman, gives a brief pverview of P3I in his
¢rf161e,l“?re-Planned'Product'lmprovement“ {15). He
highlights jts benefitg. the difficulties 1t.faces; éndf
how it needs to be managed. In *P31 Cémpeti:ion,
Standardizatién, and System Engjneering“. ;Josepﬁ F.

Grosson discusses the competftive aspects of the 31
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strategy (12). -Nofman R. Augustiﬁe. Vice President,
Oparations, Martin Marietta Aerospéce,' also gives a
ge:e.al ovgrview cf b3I in his article, "P3I: An Idea
Whoce Time Has Come,..Again" (4).  He contrasts P3[ —ith
other modification strategies, looks at Soviet examples
of evolutionary acquisition, highlights P31l benefits and

problems; and proposes acticns to implement P3I.

Captain Stephen W. Sickels' AFIT tﬁesis,'?Pre-PJanned
Product Improvemént (p31)", aannced the P31 zoncept by
providing a better understanding of the P3] process (19).
Captain Sickels studicd the nature of P3I by'revi:hiAg
specific examples of P3l use in military and cormercial
programs, The Joeing 727 aircraft provided the
commefcial P31 example; the Boeing Air Launched Cfujse
iMfs§i1e (ALCM) gave an example of PiI in a2 military
weapons program, Another military exampie was provided
by the General Dynamics F-16 Mu!tinétionaT Staged
.Improveménc Program (MSIP). These case studies
nighlighted the P31 prﬁcess and the role it can play in a
program. Methods to effectiveiy"sehect . and plan
improvements were also evaluated. Thfsvi1lustrated how
P3I caﬁ atfuajiy help reduce long rangé uncertainty.
Captain|5jcke15' ove?a]f fetommendation'was to fmp1ement
P3f not'through forma} régulatioﬁs and policies but by

. rélaxing curreat regulations to support the P31 efforts

29
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of industry. This assumes that P3I is already dinherent
in industry's design practices. This may be true of the

companies studied, but may not be typical of all.

- | About a year after the ADPA's seminar, the Armed
Forces Communications and Electronic Associaticn (AFCEA)
formed a study team to evaluate command and control (c2)
system acquisition., Jut of this effort came a similar’
concept to b31, which the AFCEA termed-EvolutionaEy
chuisftion or EA, Since the AFCEA study focused on C2
(vérsus the general focus of the ADPA seminar), it is not
too surprising that many aspects of EA are oriented to C2
requireménts. The findings of the AFCEA study were

compiled in the Command and Control (C2) System

Acquisition Study Final Report (3). Thkis report provides

a detailed overview of EA; how it was developed, the
benefits it can o%fer, and the obstacles to its use. EA
was also discussed id several articles in the August 1982
issue of thé AfCEA's Signal magazine. Mr. thn Smith,
Director, Major . System Acqﬁisitioh, ‘Offﬁce o} the
Sgcretary Of Defense, in his Epeecﬁ, “New Initiétives in
Defehse‘Acqﬁisition? compares EA and P31l (Zb); It is his
cortention thnat ij SndvEA'are~“exachy the same thin§
(20:558)." Mr émith submits that EA is merely P31l applied

to'Cz systems, ~ Like. Captain Sickeis. Mr. Smith feels

tﬁqt'PBI (and thus EA) can be imp!emented without;major-

30




"

changes in the existing acquisition process. Several [A

advocates strongly disagree; they feel that the presént

acquisition polijcies .inhibit and hinder use of EA (3:1v).

They therefore recommend major changes in policy and in

the 'acquisition process itself (3:VI-VIT).

‘In their article "A Cultural Cﬁange: Prg-P]anned'
Producf Improvement™; Lieutenant Colonel Garcia E. Morrow
and Dr. Jules J. Bellaschi contend that P3I imp]éménté-
tion requireﬁ a cultural change, not a procedural one
(16:20). Theéir article discusses how P31 differs from
past modification programs, wnat criteria need to be
considered when applying’ P3I, and the benefifﬁ_ P31
offers, especially in program flexibility and 'adépta-
bility. The basic thrust of Lt. Col. Mo}row aﬁd pr.
Bellaschi's work is that the conviction and persistance
qf the program manager is vital to an effective P3I
effort., Given the present short tenure of many brograml

manaéers.(IO:IS), this may be a serious hinderance to P3I°

~imp1ementation'ahd success. Like most P3I advocates Lt. .

Col. Morrow and Or., Bellaschi incégrate P3I into the

present acquisition system, lndeeﬁ.-they stress how P3I 

‘must fit into the Fi&eerar Defense Planf(FYD#) and the

Planning, PEogramming,' and Budgetfnq System (PPBS)

process.,
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“P3i-Help in Reduzing Weapon System - Costs" by
Lieutenant Commander Marlene M. Elkins gives another

general overview of the P3! approach. Cmdr. Eikins

provides some insight into why weapons costs are esca-

lTating rapidly and-identifies how P31 can help alleviate

this trend. 'Lt.'Cmdr.AE1kins emphasizes the impartance

of early piannihg in an effective P3[ effort. Like Lt.

Col. Marrow and Dr. Bellaschi, Lt.. Cmdr. Elkins feels

that the “major obstacle to the acceptance of [P3IJ...is

the cultural mindsat of the user and engineering com-

munity... {(11:116)."

The Rand Note, “Pre-Planned Product Improvement and

"QOther Modification Strategies: Lessons Learned From Past

Aircraft Modification Programs™, is a Iess'~po$itive
assessment of P3I, Authors Federick Biery and Mark
Lorell reviewed past aircraft modification efforts; fo-
cusing onfthose.air;raf: with some discernable preplan-

ning for future improvements. I!nfortunately, only three

"such, aircraft programs existed, the Northrup F-5, the

Grumman F-14, and'the-Northrhb’N-IOZ; one of which {ihe

N-102) never even'advancedﬂbeyond the conceptual stage.

;Thhs B8iery anc Lorell evaluated long lived, often modi-

fied aircraft on the premise.that some. common factor
could have accounted for these aircraft's ddaptability

and extended lifespéhs. In their work, they also Break
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" While it is true that past examples of P3I use in mili-

and the improvements thus needed. But, as ably describgd

P3] into three distinct categories. The first, general
or non—gpecific P31, attempts to facilitate any énd all
tYDesAcf future improvements. Thg second, subsystem
specific P31, concentratés on subsystems known or antici-
pated to be available in the near future. fhe third t: pe

of P31 defined takes advantage of -the benefits of stan-

dardization in design, interfaces, and architecture to

appiy a building block approach to impravements. Also

known as ‘modularization', its wuse 1in avionics has

received much study, thus Biery and Lorell do not speci-

" fically address it in their study. This unfortunately

may hrave ignored 1its possible benefits .in aircraft

applications {(19:75). Based on their research, the two

~ authors conclude "that preplanning far into the future is

probably unworkable (6:VII).* But that short range pre-

‘ptanning, based on'specific subsystems (the second type

of P31), could be worthy of future consideration (6:VII).

This conclusion can be faulted in two ways. One 1s tHe

nbted-scarcity of P31 examples in their study group

tary orojgrams 'is rare, commercial. applications are more
numerous (19:18) and could have been included in their
study sample, Seacond, thetr major premise is that desiq-

ners can not anticipate future weapon system requirements

by Captain Sickels in his thesis, uncertainfy can he
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managed and P31 can be a vital aid dealing with it

'.(L9:87), Biery and Lorell do highlight some very val-

uable lessons learned from post modification programs;

applicable to P3I and‘non-P3IIprogram$ alike. Interes-

E tingly, one of the lessons cited by the authors, to

minimize technical risk by pursuing incremental advances,

iS'an jnherent benefit of the P31 approach. .

P31 Definition

Despite the sizable number of articles and studies on

_the subject, there is sti1l uncertainty ‘and debate over.
-just what P3I'is. One major disagreement is between the
proponents.of EA and P31 supporters. EA advocates feel

-that their evolutfcnary approach differs from P3I. P3I

éupporters'insist that their concept incorporates EA; it

is simply a more detaiied, C2 specific P31 application.

The ADPA defined P3I as follows:

P31 is a systematic and orderly acquisition
strategy beginning at the system's concept phase
te facilitate evolutionary, cost effective up-.
-grading of a system throughout the 1ife cycle to
enhance readiness, availabildity, and capability.

The modular baseline configuration design shall
. permit growth to meet the changing threat and/or

to take advantage of significant technological

and/or operational oppurtunities through future

modification or product improvements at appro-
. priate time ‘intarvals, ' :

The baseline technological risk will be mini-
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mized and provide early availability by utiliz-
ing well known and established technology to the
maximum extent feasible, limiting advanced tech-
nology to the subsystem(s) offering substantial
operational or cost benefits. [19:114] :

The AFCEA Defines Evolutionary Acquisition as follows:

Evolutionary Acquisition is a system acqui-
. sition strategy in which only a basic or ‘'core'
capability is acquired initially and fielded
-quickly, based on a short need statement -that
includes a representative description of the
- overall capability needed and the architectural
- framework within which evolution will occur.
Subsequent increments or ‘'blocks' are defined
sequentially, based on continuing feedback pro-
vided from lessons learned in cperational usage,
“concurrent evaluation of adequecy of hardware/
software configuration, and judgements of
improvements or increased capabilities that can
result from application of new technology, when
feasible. [3:VII] ‘

Both definitions stress shortening the time needed to

field dew systems; P31 through use of p}oven techﬁology,

EA through building only a basic ‘core’ system (Impli-

.citly this ‘core' must also be based on existing tech-

doldgy.) In EA, however, the system does not explicitly
meet present rgqufrements. " Both definitions emphasis

sequential upgrgdes.-ba&ed on'éhéhging requirements (the

0

“threat" 1in P3I;'"év0101ng needs" in EA) and on techno-

lngical advances. EA 11mit§ incorporation of advanced

technology to that.which 1s feasible, P31 evaluates

application of advanced technolcgy by its benefits and

thus may ignore its costs. EA does not specifically call

for growth provisions in the initfal ‘core' design., It
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may be'that such provisians are not cost'effective in C2.
équipmentL However, design techniques such as modulari-
zation and form, fit, and function (F3) saecification may
praovide the néeded growth capability. EA bases its
growth capability on its requirement for 5 definite
architecturaT framework. . Programs such as the Modular
Automatic Test Equipment (MAfE) program have succesfully
utilized ihis approach., But as it name indiéates, MATE
also relies on its hardware'S'modularjty to insure growth
capability. EA's reliénce on system architecture may
reflect the software intensive nature of C2 eqhipment{
This architecture must be precise, to insure effective
upgfades, as _well as f]exible,‘to allow for unan;icipated

changes like new technology; a difficult goal to achieve,.

The major difference between P3I and EA is that EA is
process oriented, P3I is more design or hardware

+ral-a system that

v

orienteq. EA has a final desiréd
fulfilIs a specified need. ft.ut11izes user feedback and
'vtephno\ogic;1 evolution to determine how to reach tha}
goal. . In P31 the inftial system‘mgefs*al1 requirements
(hopefdlly) when it is dep]qygd. Ifé desfgned-in grbwth
i.proviéions él]ow-}t.to react td.neQ'techpology, threats,
‘and changing missioné. The .EA proceSS'emﬁhasizes user
involvement .since (2 systéms ;be  traditionally user

intensive and the: man/machine tnterface i{s’' often a

36




critical factor in them. The EA process is an iterative
one, with increments based on.user_assimilatiun'of system
advances ana his subsequent refinement of system capa-
bi]i;ies needed to achieve the stated goal.' In EA, the
'end' (the goal) is defined, the 'means’' to this end'are
evolved in the dynamic operational and §echnologiqal
environment. In P3I the 'end' is undefined, the dynamic
technical, oberational, and threat environment determines
overall system requiremenvs. P3I défines'the ‘means' to
achieve these requirehents by inéorporating specific
growth provisions in its initial design. One could say
that the EA process ‘pulls' technology to meet its final
goal, and that P3I alfows.technologx to ‘push' its

systems requirements.

This‘asymmétry may not be due to a funQamenta]
cdnceptual difference but could be a simple reflection of
.the different focus of each approach. EA js.f0cqsed on
C2 "system acquisition, P31 seems to focus on Qeapon
systems or hardware. (2 systems'ar;,_as n6ted, véry
software inéensive.l Software is inherently'fieiible and
nas great‘growtﬁ po;entié], sd.much'SO‘tha; a system
architecture is often needed to control énd _direct
jmprovements. Thus the EA conéentration on défuhing such
-fan.architectural frgmework, In'confrgst% hardware does

not have inherent growth poﬁentfal,it nust Be designed

37




into the system. Thus the P31 emphasis on incorporating
upgradé-provisioﬁs in the initial system design. Both
approaches stress preplanning‘ for future upgrades; EA
through its system architecture, P3I through its hard-

- ware's inifia] design.

- The oroblem could be simp1y.that both the ADPA's P3I
definition and the AFCEA's EA definitioﬁ are too detailed
and specifié.. Therefore, this thesis will use a more
general definition of the evolutionary‘process, pubiished
in a July'6, 1981 mehorandum of then Députy Secratary of
Defensé Frank C. Carlucci. |

P31 is an acquisition concept which programs
resources to accomplish the orderly and cost
effective phased growth of or evolution of a
system's capability, utility, and operational
readiness. [19:129]

This definition is basically the same: as the ADPA one,
- just less detailed., How one "prdgraMS re§ources“ is left
to the specific,prdgram, thu§ EA can be classed as an
adgptation of this definition toAthe un%que needs of (2
s)s%em‘acqu{sition. HoweQer a problem may arise.in
detefminihQ what definftion of Psi.(theVgeneraI 00D one
or the speci®ic ADPA one) is being discussed. The
general definition is useful in'descrfbing commcﬁ trafts
"of ‘an evolutiongry'édquisition apb}oachﬁ yet the two

specific definitions (the ADPA's P31 definition and the
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AFCEA's EA one) are more precise and.much more useful in
particuiar situations. Probably the best solution for
this problem is to use‘a more generic term Such-as'
Technology Improvement Program (TIP) for the general
definition and recognize that P31 (as defined by the

ADPA) and EA are subsets of TIP

Question Two: Does use of P31 enhance a program's

achievement of cost and schedule goals?
Question Three: Does P3] lessen acquisition times?

The F-14 Aircraft

The Grumman F-14 Tomcat i§ thé Navy's premier afr
suﬂeriority fighter, performing primerily in .the Fleet
Air Defense roie. It is ; twin engine, supersonié
éarrier based aircraft with variéb]e sweep Wings. armed
with a mix of long, medfum,:and”short range missiles (the
AIM-54 Phoenix, v;ﬁe AIM-7 Sparrow, . and fhe AIM-9
Sidewinder) plus a ZOmm.cannpn {the M§1Ai Vulcah)(25:33).
" Its two man crew'openates'gn array of sophistjcated
“avionics, ,incfuding an’ qﬁtdmatic 'swéep control system
which give; the aifbraft superior maneuvefabi1ity;as'we11
as increasing it§'range and loiter time. (21:8). The
F-14's'AwG-9.weapons control éysteh (HCS)'éah track up to‘
twenty four,targeﬁs and,simultaneous1y guide six Phoenix

missiles to six separate targets (25:34). This
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capability is presently unmatched by any other fighter

aircraft,

F-14 Development o ' '

The F-14 evolved from fhé Navy's VFX program, which
was initiated when it became apparent that ‘the F-111B
aircraft would not meet a1l of the Navy's air superiority

fighter requirements (25:34). The related Navy Fighter

Study (NFS), conducted in 1968, concliuded that the -

desired fighter performance could be achieved with an
ad?ancéd airframe fn combindtion with the developed AWG-9
WCS and the TFQ30 engine'from the F-1118 program (25536).
The NFS stresSéd growth poténtiél as a vital fa-tor in
the aircraft's design to p}§vide flexibility in accepting
system changes”Mith minimaf'pénalties in cost and weight
(25:36). Five contractors responded to the VFX's (now

deéignated the ?-14) Request. For Proposal (RFP). " "The

Grumman proposai was ultimately se]ected! chieny Eécause.

of its tachnical superiority, lesser developmént risk,

and greater growth potential (25:38). It was not the

lowest cost bid; Arumman not onfy had exberiencé with
swing wfng techaology (its XF-10F was the US's first.

5sw1ng'Qing.aiccraft) but. also had benefited from its

previquS'wonx with the Specifieq engine and avionics as a

subcontractor on. the F-1118 program (21:#,8,14). This

knowledge was a important factor in Grumman's selection
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as the F-l4'prime.contractor (21:29).

F-14 Growth Provisions

The,F-}{ was designed from ;he'stért to incerporate
an advanced engine, thg F-401, fhe Navy's version of the - ' .
Air Force's F-100 engine (now installed in the F-15 and
F-16) which w&s then in Qevelopment. Tﬂe aircraft was
also designed to accomodate various avionics and
armaments improvements, specifically vin infra-qed (1IR)
detection and targeting (21:6-7); Thgse varianﬁs were

subsequently designated the F-l{é and the F-14C.

It is apparent that_the ?-14 program has ﬁost of the
elements of a P3I approach; ;ft made méximum-use of
existing technology: thg aircra%t's armamenf, engine, and'
major avionics were'either a]ready fielded or developed,
It wutilized a . subsystem .approach in pianning for
subsequent upgrades. 'Provisions Qere'made‘in the initial
design for the fitting of an advanced engine, the F-401,
. and for anficipated avionics improvement:.j This thesis
thus récogn{zes thé F-14 as a 'good example of PSI,use.in 
a.weapons system acqui§itipn. This program wiil be
compared and contrasted with other, non-P3I ﬁregrams to
sea if the theorized benefits ﬁf P33l were, in fFact, -

realized.
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Results
The data for thg F-14 program was adjusted as per the
Rand data format and the results are shown in the Table

One..




TABLE 1

F-14 vs. 19€0s and 1970s Progranms
Cosc and Schedule Performance

cosT

* 7

. F:14 Ratio | - 1.27
1960s Program Mean Ratio 1.44 (1)

1970s Program Mean Ratio . 1.34 (1)

_ SCHEDULE | -

'F-14 Ratio ’ 1.10

'1960s Prcgram Mean Ratio ' 1.15 (1)

+1970s Program Mean Ratio 1.13 (1)

. R
(1) Program mean ratios are from the Rand reports. s
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As can be seen, the F-14 program did better than the
mezn in its achievement of both cost add schedulé goa]é.
However,‘the above means are for all weapoas systems in
the respective study groups. This includes not iny
fighter aircraft but also‘ tran§port§, bombers, and
he]icopters,las Qell as tanks, missi?e;, artillery, and
electfonic systems, A better comparison may be to
compare the F-14 with similar fighter aircraft. This
thesis selected the F-4, F-15, F-106, and F-111 aircraft
as analagous aircraft to the F-14. Fach is a hign
performance fighter with advanced (for their tiﬁes)
avionics. The F-4 is the F-{d's immediate prédecessor as
the primary Fleet_Air Defense-(FAD) aircraft. The F-106
was the most advanced interceptor of its day. The‘F-lfl,
in its F-1118 version, was once planned to be the next
FAD fighter. The F-15 is the F-14's contemoorary, with a -
similar air superiority role. Ihe results_of this

selected comparison are shown in the Taple Two, (The

- averages shown are simple arithmetic averages of this

fighter group's cost and schedule performance. They can

not be directly compared tu the Rand results, as these

are mean values)
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TABLE 2

F-14 vs, Other Fighter Programs
Cost and Schedule Peérformance

COST RATIOS

F-14 1.27

F-4 | . L.2s (2)
F-15 g 1.25
F-106 | ~2.06
F-111 __2.07
Average . - 1.58

SCHEDULE [montns) (1)

F-14 32
Fo4 77
F15 59
F-106 - l : 47
NIt 7
Average - . 50.4

1) Schedule ratios could not be obtained from the
present data sources thus the use of the months from
OSARC Il to tne first production version,

{2) Tne F-1 cost ratic is from a est1watu in the
Columbia Researcn Corn. study.
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The F-14 oncé again'does better than the average in
both cost and 5chedule.. However, the ?-14vcost ratio is
worse fhan fts immediate predecessor, the F-4, and its
contemporary, the F-15, Further study was therefore made
of the‘causes'of the F-14 cost growth versus those for
the F-IS. SARs break down cost variances into nine
categories and this-an;l;sis focused on them. The F-14,
due to its evolutionary approach, should havelshown less
cost growth in.internal cost varjance categories, like

'

engineering and scheduling. And this was borne out Dy

the results of the evaluation. The F-14 showed a .1%

negative variance in engineering cost versus a 17%
positive variance for 'the F-15. Schedule deviation for
the F-14 was 21.7% against 46% for the F-15. The largest
variances for the F-18 were in the quantity and economic
categories (25:51). These were due to the decision to cut
tﬁe F-14 buy to 332 aircraft (down from 469 aircraft),
and to Grumman's miscalculation of the inflation rate in

their original bid. Bacause of the economic downturn in

1

the early 197053'Grumman'lost a large portioh'of its’

'Commercialibusines;. forcing the F-14 program to carry

more of Grumman's overnead costs. ° Some feel that
Grumman's initial  program costing was very unrealistic
and amounted.rd 3 ‘duy-in' (21). With realistic DEs the

F-14 could. have performed even better in achieving its

"cost goals,

. 5
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The F-14's schedufe performance is one-area where it
shows a significant improvemeﬁt'over-re1atéd'programs.,
The F-14's schedule 1engtﬁ of just 42 months s 18 ménths
iess than the average for the sample grdup. This means
that the F-14 was in the field one and a half years
earlier than comparable aircraft, The;oniy other air-
craft to have a similarly short acquisjtfon time was the
F-106, However, this aircraft was; in rea]ity,'a-major
product. improvemént of a existing afrcraft, the F-102,

which may explain its short abquisitiqn time,
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

CONCLUSION ONE: EA_is a ¢-umand and Control (C2)

specific subset of the genera:! P3] approacn.,

As seen in the review of literature, EA, as presently‘

defined seems to be simply P3I applied to the unidue re-

quirements of command and control (C2) system acquisi-
tion.  The problem appears to be one of overly detailed'
definitions of the process. The P31 definition e§poused»

by the ADPA is very hardware oriented, thus.the &pparent

conflict with the AFCEA's C2 oriented EA definition.
When one moves up a level of abstraction to a more
general definition of P3I, such as the one used in the

Carlucci Memorandum (19:129), the conflict is resolved.

EA can be viewed as P3[ adapted to the specific require- -

ments of C2 acquisition. To avoid confusion it méy be
necessary to iabel the general definition TIP or”sbme
other generic term, since the ADPA's P31l definition is

useful in specific app]iqatfdns. ‘Thus one cod!d.say fhdf

"both' EA and P31 (as defined by the AFCEA and ADPA) are.

speéifié,subsets of the generai'evolutionary acquisition

approach (TIP).

CONCLUSION TWO: P31 can enhance achievement of cost and

schedule goals as well as lessen acguisition times,

" The comparison of the F-14 progrém. which utilized a

i3
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P31 1tike acquisition approach, to othef weapon systém
acquisitibns seems to show that P3l use can benefit cost
and schedu]e.performance. The F-14 program n&t only did
better than most‘ 1960s and 1970s programs in _ both
categories, but also outperformed analogous fighter
airéraft programs in cost goal attainment. fhe F-14 cost
variations that did occyr were generally in non-technical
areas, futher reinforcing ‘the perception that the;b3[
approach can lower technicai risk. ' The relatively shbrt
length of the F-14 acquisition also supports the
contention that P31 can help leséen acquisition times.
Howevei, some caveats must be made, First, the F-14 is
only one program and its success with a P31 approach does
ﬁot necessarily prove that ?31 will improve all
acquisitions. Many cher factors could have lea& to the
F-14 program's excellent cost aﬁd.schedule perfdrmance.
For example, the Navy's Crifical _need for: ;'_F-4
replacement due to the failure of the F-1118 progrém'hay.
have'been a major element iq the the ?-14‘5 shoft
acquisjtioﬁ 1eﬁgth. More studies are dEEEEEEF;ftofstatg
with 'éertginty that P3I will indeed oproduce as

hypothesized. Mevertheless, th» results of this initial

analysis are significant in that they show, in one case'.7

at least, that P31 can benefit weapon syspem'acdui-

sitions., The advantages of .P3] are a6 longer abstract

“and theoretical but can be seen in hard figures.
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Recommendations

The F-14 program does nbt, unfortunately, provide any
support for P31 as -a foréé'modeknization strategy. The

growth provisions in the F-14 have not, to date, be

utilized. This, in fact,lpojnts'out a serijous disad-

vantade in the P31 approaéh; its vulnerabilitx to fundfng
cuts.in the pfogrém‘s.outyears (6:33).I Further study of
other P3I'program3ishéﬁld be undertaken to assess this
aspect of tﬁe concept. The F-16 Multinational Staged
Improvement Progréﬁ (MSIP) may be one. viable candidate
for such an efforﬁl The MSIP is a subsystem specifjc P31
program to insurelthat the F-16 airc;aft can economicél]y
and effectfvely intbrporate future avionics and armament
systems (15:75). ‘An evaiuation of the F-16 Derivative
Fighter Entry (DFE) could also fill this need. This
program takes aavantage of the growth potential provided
by the modular de#ign~of the F-16's major components. A
new wing, advanced Engihe,,and fmproved avionics were
easily fitted to the basic F-16 airframe. The F-16 DFE

has ‘a highér_bomb~1oad, 1ohger act}on radius, better

‘ménueverability, and increased take off and ianding per-

Formance'thah ear1ierV£-16 versions (19:72). A A fFfiae

culty 1in these studies could be a lack of comparative

data. Aircraft'modiffcations. unlike afrcraft' acquisi=




-,

tions, are managed in a multitude of ways (19:13).

Detailed data, such as the SARs, méy not be available,

- Further sfudy of the effect of P3I in initial weapon
system abquisifion should also be undertaken. This will
broadeh the P31 program sampleAsize and éllow more
'rigorods assessment of the concepp”s benefits. A con-
current study of EA applications could also highlight
whether EA is truly a subset of P3I, as this thesis
contends, or if it is actually .a separate and distinct
acquigition approach., Thése studiésvmay bring out addi-
tional‘benefits of the P3I approach and evaluate how to
effectively apply it to specific programs.  Hopefully,
. with a11‘the present programs incorporating some aspect
of P31, a result of, former Deputy Secretéry of Defense
Frank C. Cartucci's directives and the AIP, enough P3I
ekamp]es and related data will be available to maké sucﬁ
studies possible. One research approach would be to du-
plicate the Rand "Aqqdjsi;ion Policy Effectiveness"
report (which was an assessment of the effects of the
early 1970s reforms. instituted b& ‘then Deputy Seéretary
of Defenée DaVid Packard) and provide a quantitqtive
evaluation of the effacts of all the Carlucci iﬁiéia-

tiée;, inctuding P?I, on- weapon system acquisitibns.
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APPENDIX A
RAND STUDY METHODOLOGY
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Appendix A

BASIC METHODOLOGY FOR
ASSESSING PROGRAM COST GROWTH

INTRODUCTION

Pregram cost data used thoug hout this stud; were drawn from Selsctad Acqui-
sition Beposts The Office of the Assisia:: Seteary of Delease (Compioler)
(OASD:Cis also uses that source to deveiop measires of aoquisition cost growth
However, scme 67the arelyuzal methods wand br OASD T d:fTer from the mothods
we used, end this czn lend W somewhat different res:lia from what sppesr (o be
sicilar messires of cos: growth. To aveid wisinterpreiatios of our sudy recdu,
i this ap*‘(r:.ux we explaiz our cot anslysis tethods and indicate hox - they differ
fron those used by OASD(Cl.

Program cost is the cost of the whole aoquisition pmgnm including the devel
opment and Leeting of the sysiem, the producticn of system units (with their spares
and peculiar support), and any direztly related militsry construction. Prozram cost
powth inbechnugeinpmgnmenuom ﬁrnﬂwmmml’m'm
variapce™ and “cost change™ are sometimes *.sed in place of coct growth, because
thay are coasistent with both increasing ar/; Gecreasing coste. Here we underc:znd
cost growth W include beth negative ard positive changes. “Cost variance” is the
tena usually employed in the Selocted Acquisiticc Reports.

Wa are interestad in cost growth over the full lifeticze of the sequisition pro-
gram Idcally, this involves a comperison between e initial cost estimate or cost
prejection’ and the actual costs ipcurred in bringing the program to completion. In

“our study of 1970s programs, the iaitial or beseline prozram corts erw tbe

Development Estimates (DEs) prepared at the time of DSARC II; that ia. st tine
program mileatone between the valilation phase and fullecale development. A
program’s DE is rarely changed, and for most programs it provides a fized point
from which to measure subsequent growth ! The cosls used in the cont growt:
ealculations are no?, bowever, full term actuals, becsuse 2o Lrogram in cir 197Ce
sample has reached compietion, elthougli two have beea cancelled s Thus, the cost
growth cekculations pee-eated bere (asd {o momt of the Jefense asquisition
litesuture) are really ¢ Sparise between t70 estimater 89 sarly estimats 22d sa
estircate made later |, the program’s evolution. For these later estimates we relied

« The tewm S m‘umﬁ- preferred'ss (“nnﬁ-ﬂdsmm
comta, : '

Wor two progars—Rarocr oad Coodor—ide D75 ¢ven b S rmvnt SAPS do oot reflxct the
A0 Qe &t the T of Mwetoom {1 To be conmatoes w #b e Myﬁ‘m-nwubndhl.a
ﬁmgfwhmmm-ﬁctuUnmm ropurtad &. the SAKs

o DLARC 11 Thin » explained i,

ﬂ‘amsahdmmmll)aﬁ.d!hhdu&.hh&hhaﬂn
-z atam a8 of the LD hers feogTme Twre cancelisd '-wummumm
et ia Wrw prograse &ym'a-.u.und. .
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on the Curreat Ecimutes (CEs) tha: sre updsied gzzmerly in the SARs The CEa
uxcd ir. our cont \‘J~ ealculetionr are those piver io the March 1978 SARs

Tec summenize ..”r' rresem oo’ rrowth cossdewd heve is the & Terenes

’

between the CL ard L DEL the CE beizg the mare recest (832 wrially the largper)

estrate. m pcnod over which 9rv;'run cost mmh - mc.uund n the time

sy o~

1;78 s_n an: the m:r’ g-mnh of uvr-n) dx{'u-e:.. ;vmm u m,,un! or

agsreated. it is common 1o exprese cost gruwth oot i dollar Lerma, but io tenne

of » percentage incresse, or the ratio CE/DE, which we refer to here as the "o,

grosth rptio.”

ADJ\STING P‘OR CRANGTIS IN PRODUCTION Qth'lm
T®( \LTCRNATIVE KA THODS

As ¢ -~dycr~k_nsdiru\euxtveexpwbo.:C'udDEnwd .

conrar: T 1875 Tem, to eliminate the effiet ¢finfosas 0% the propram doller
totals We alm expross program cocts i tenne of Loe eriginal (DE) production

quentity contemplated at Nllesione Il. Refercace t» some beseline pradution

quantity is naeded to negnte the effoct of ey ch;nge ic production quantity (Cquar-
ity change™ or “quaniity variznse™) that mey occer. Such changes are common,
and s metiines occur more thas coce in the course ofs rogram’s lifetime. Program
cost is highly sansitive to the aumber of items produzed, and without such a
baseline it would be misleading Lo compere the CE/DE cost srowth ratics of several
different programs if some prozrwrs beld prodaztin q-..ntmen conztant and
others dia not.

Whenthe CE pmduehon qmmy is dierent from the DF, production Quantity

' there is mare than one way to adjust program cost to eSminate the cost offect of

this change in quantity. Ooe method is to use the ['E produclion quoatity as the
baseline, as we have dose In this euss, the CE, whis is reported in the SAR in
terms of the currently aporoved qucatity, Is “sdjusted™ or normalizad on the basis

of the DF quantity.Thua, if the prodoction quantty hes been reducad since DSARC -

11 (s comraon occurrence), &0 additicn to the CE is reqzired to bring the pregram
cost beck up to what it would be if the arigiually progammed quantity were to be

procured, if the production quartity has been inceexd 8 reduchon of the CE is .'

nquared.mumphawnmpl, by deleting the caxt change wributad‘uhe
program’s SAP to quantity variance
Awwwlodnmutbwbcpmm!@mryum\m
Whes this is &iTerest from the quant:y for which the DE waz caleclated, then the
DE must be recakulated for the pew quaatity. For exxzgue, if the cew quastity ia
teeg thax the DE quantity, s reduction o the DE is neceasiry, squal to the quantity
cont variapor reportad in the SAR. ko this spproach the deuominsior of the cont-

_ growth ratio changes with eazh change is planned produetion. This is the method

w@nmmemwm«wmm
)c .
UmuWqum&w«nWh&m&

' sumwmwho&-muw«mm
SAR Progran Acqrinioen Co' Jemmary.
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obvioualy would make o diffzrencs which @ thue two methods was followed
Whethes se delete Lie variance from the CE ar 8¢ it t5 the DE, the cont growth,
afer sdiumment lo eivhe s haarline quantity, would be rerg (the cosgrovth nSo
aoold be wnity )l But quantny -induced oo variance i ol vee of Uhe many types
of &ost u'una sncoiniered IS 2QuiKtion progTae sod repotted in the SAFS
(Tor s doumptioe 0 e o varsni eslefomier, ke Sesine 11 of the tar? ane
Ap; wdiz I, belaw.) Whes other type s ol Tarizase ave isvilved, the boseline quant-
ty hes a direct bearizg e the site of the curpuiad cde growth ratio. Moregver,
when program cost variance includes both a change in questity sod a change in
the coct per unit, the cder in which the queatity variance is caleulpted (that i,
whether before or after the cost-per-unit chazre is talez int acrount) ean affect
the share of Wota! variance sttributed Lo the change i= quantity and bewce 10 the
size of the quentity adjv Ament The reeult is that thecort jrowth ratio pormslived
to excluge the ofests of quantity chazses ean diffes drending 0o the way the
magriwde of quunlly variance is eetimatod sad o the way Jta aflect on coit
growih s elimingtad These considerztioos will be dumcnrratod below (o indicste
why the cort growth estmates enlrulated by OASC) for sode programe &iffer
frar. thase aliown {2 this study. Our enproash was dicwtad, of course, by the basie
proaxd nude of the study—to meesire chanzes fraz the DSARC 1] benchrnark.
Ahhough the 8AFs desirpste many cotegories of ezt varisp.e, from 8 conypra-

tational point ef view these fall into four basic typet of chargex (1) quantity, ()
FecusTing costper-uziy, (3) cost-quantity curve slae, acd (€) noarecurrisg. These

are ilustratod in Fig. AL, where tolel cogt is measired verticslly and quantity is
showt o0 the horizontal axis Because the Jornritheic scale givas a gnad visual
reprecentstion of percentage differences (the grestar the vertical distance from the
baseline the greater the propa-tions] chazge) and ales bacauss cost-quazsity exrres
are coovenlionally reprecanted by m:bthmhnhghw&udm
Jogarithmic scatus for both azes o Figa A through A4,

The DE and CB cost-quantity curves reveal iheir tofn] corts at each indicstad
quantity. The quactity darip.ated “Q," is's reference point representing & hypo-

. thetical besaline outp=t of 40, programmed at the time of DSARCIL. Tas total DB

baseline cost, C, is mecsured at the point of intersection of Q, s=d the basaline DE
eost-quantity curve. The CE (otal cost shown on eech Japh, G, indicstes the effoct
€Q'cost growth af tie specified amount and type of vesiance. Thess are meexwed
at the DE qunnmy—cuepn c!mru. for the varizxce csused by & chanpe h
quuhty -

A log Liren- m;ﬁnnmrmtymuaﬂbﬁzmwmmnﬂ
vlh—:ﬂnmsn;v‘ndmimq-mm._--l =0y e
QUEBS!Y curve ik o5 K prewre mope and 8 Uas! | cont of § cont w3 (e ip o the s7era o

oot of Vals § and 2 wil be ¢, %1 Mtﬂmutkﬂmkb

m.ummmmm(c)h .
eV - Q%

wharel e l.um-uuu:

Q = Quantit;
. 8= Mwmmdﬁpw lag slope/iag &

Por mmba.thmaam A mrough Ad et the swvage axt velom v

tal corts 8t sach indicated 57, 04, & Uit 1 the toni eom is § cant anit,. ¢ Unis $ the tona) comt
B8, a1 Uait ¢ the tocal » 12, ‘lt!ﬂlsunhmhﬂﬂ(C)br
i c.u.qﬂ'”
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Quazuty-induced d.z::es(?m Al(a)Yhave already be‘.. dixcumed; U\ey sim-
ply aca'c the progam slong the gived costquantty curve to the pew CZ quantity,
Q Fecrmns cout percoit varance includer the kindr o ec o serins ctoape and
e ertclauranr erern thet shilthe peam ks tee cu:«q..nru'y curve
havirg the suze tupe ot the DE curve but with 8 &%ereur izinal r«umng cost
stlail do e of0 " uzia®et Unit o ileteal 8 g AA%Y Dipene
A.)(c)x..q.’t.u varance thet resuts from s chazgy i Lhe s pe of the coxt-
QuiIslty curva, io this c2se from B0 percent to &L pérveanl This reflects & more
peasimisiic projection fthe exspectad rate of cost redutiae a2 production proceads

. apd rerl's in the ind.ceted increase in tota) e Asapec\g.gcb!beaher

direction would, of coure, decreaze total ecets
Nocrecurring wost veriance, such as 8 chazge In developeent coets, is repre
sented by a coosiant dolier incrersent (Fig. A.J(d)). 1o the ezazple, the incrarpect

ir 10 cos ur’ts (Tre apparent decresae in *be poarecuring oot ot hipher Jevels

of total cox resdu fren tae graph's mmanithmic male, which reflacts the reducod
propo-tiona! value ¢fthe fized coe! relat.ve (o the inv2scd baseloe, the aduolute
masTitude of the oz increment remeing cozsuan! thrrochout)

For kmpl.ity we chose, inFig. A1, b0 liustrate t} 2 four types of sariance, coe
statiac, as rddiSocs to « baseline DE curve that is re; resecied ac a siraipht Bne
ob the log-lg §Tid In effect, we Limited the beseline to rerurring casts which were
assuned to exhidil the cost reducting charcrtaristiss of az 80 percent earquannt)
“learning” curve.

1o Pg. A2, the picture is more mplm Rere we show the underlying strue
ture of 8 ccmpleie DE baseline cust-quantity curve and's CE curve. The otai DE
cost-quaxiity curve incJules both recurring asd poarecarring eca’a, and the total
CE ast-quantity earve combines the DE baseline eurve with additions of all foar
Oypes of cost varisnce The cost and quantity pumbe: indicated i Ng. A2 are
hypothetice). In practice, it is 8ot upcammon for an increse in ove type of varicnce
10 be offwt, at least partly, by & decreade in another. Fig. A2 iodicates how each
mmtd&rpmpmﬂmdnhmmychuu '

Figure A3 reproduces the tota) DE and CE cotqumti’y exrves from Fig. 4.2,

* As poled ecrlier, the beipit of the DE cost-quantity eurve st the Laselins quantity,

Q, sstablishes the W2l DE baseline cout, C,. The CE tolal cost, €, results from the
ngmqthamuondwm«mdw«m
in Fig. A2 that cause the shift to the higher CE enst-quantity curve.
Figure A3 Lusetss our method and the method used by OASD(C) th elims
nate the efect of muzh quantity ehangus from the cost growth eesrernent As doted
Mcr.wukadmmetvmanmaddnbsupwm
Letad 5t DSARC 1 Treerefare, referricg to Fig A2, we mecsire cox growih
unhehndmr;.dmano.q,m“vvmdsﬂctbcmn
quartity is compotad is terzaa of the known eurvent urit el oc the CE curve. Its
share of the total coct growth is indicatad in Fig. A3 by the daahed vertica! bne
(C. = C) &rawn a2 quantity Q, Following this approack, the program eort o 7(h
bmvcﬂdbm!@t‘mﬁtyhmby&lm&mmqum

. .
Mmrmphthmlm-—m.m s wwbhm ,

forerring cata of Ue maxple progre™. Ashally, 8 fooyd Jrogrem mgdt Aave ‘rveral rwves, with

mba.ﬁbw-mwr_ .
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from the wxa! cost growth This kaves the recuiciog “sdiuried” coat variance—
indicuted by the dotied vertical Line (C, ~ C,) at quastity Q~iz terms of the DE
quanutly, and this is the mrinod we wad in calculaling cost frowth.

The acme firore Diurrates the method usad by OASDC) ic adrusung the DE
o oTact the effect ¢ quaztity charge In this latter method, com growth is mae-
pured iz temme 87 s ntly proprermmed gusality The quantits adrastment is
med= by 8dd 58 to the DE cost # doLar amoust equal £ the quastity-nduced cost
variance Firs the Quantity cot varisnce is compiled in terms of the origina! DE
eost-quontity cune. Thus, referricg to Fic. A3, the share of the total cost powth
atiributed by OASDIC) to quastily cost variance 1s the aroount (C, = C), the dished
vertical Lioe drave a! the rev. quasiily, Q Cost growih usiag tie OASDC) ap-
prosch is thes a.mh.admhhr.‘;ofthe sdjuted DE cos: at the pew total
quantity, 3., Lt amonot (C, - C)) shows in the figure as the dotted vertica! line
between the two cozquansty curves ot Quesntity Q.

The two dx2ed Lines i Fig ALY, representing eext growth adjusted for quantity
change by the two methads, are elerrly diffierext in kagth. Thus, the DE and CE
curves are bX parlel, anl, as the aak ia lojurithyic, it follaws that the cost
powid renia computad at them two dfieres! guaoTuet are ool the minc?

_ The example prescsied in Fig A4 demonstrees how the chofce of heseline
qQuadtity can iaffoeace the value of the OASDIC) cortgrowth resis when it is
acjusted to "oflset™ the queatity-nduced oot vanenze. The DE and CE wotel eoct
curves are the seme ar before urg;t thet altermesve CF quentities are inckuded—

'mmdnamnamhunmhu-h The equation for tete) sent () o0
nm.w-nhmwmdqmm,m-

. o Ce V. ‘.'“
Q o Quuotiy - ¢
. “.l o Cust ceiatily enrve siope expevedien kdu-

Mmr.mmmuu-m bh’.nhua.d
var'ssce perummterv—d, ¢, mt v, rpuati vely-=the eguation S the DE wmal et (G

QuleU, - Q™Y ,

: C o000 e ,0U,) Q% Y
Mc-‘ovh&rm-h—“-f&u

o, C =20V .Q""
A-—rb(&&-d-mﬂm_wtntmfmmaao-—d

¢ quemiy sumbers thowve & g uﬂnumnuwwwmm
3 l»-- oo :

LACE Y Rdhiy
7,¢0, - Q™Y
7,eq Q%Y
I S ————
. T, eV, - Q%Y
retios ot cl!’ hnﬁqﬂhh.u‘&bmnﬂ.‘“mum

. The two
| gy ua——nuduomqw et rur? prepurticaaly o quantity Q, burwss
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#n Increase over the DE baseline quantity 10 Q. andadeceawe to Q,. The DE
bascline Lolal cost st 8 quantity of 40 is 76 cort wuu. bududing the quantity.
induced eost vanaace, the Q. Sotal cont at a quanuty of 500 is 9E€ cost wnits.
Witk ¢ erutic eut in production leseing only B davelorment arterler, the ota!
cort 3t Q is 52 cost unita. '

1f we app!y the CASDI(C) method for adjustnz for the effact of s change jo
gauttoy,anizmezse fromn U DE quartiy (Q ' e e guaztty Q ic Fig A ¢ would
resalt in quantity-induced variadce of 383 « 18 = 277 (measired oo the bagis of
the originai DE bascline cost-quantity curve). This amoizt sdded to the DE is 277
4 76 « 353 £1d the cost-growth ratio is 956/353 = 271 On the othir Mnd, with
the some potrecurring cost variance and the same sherges in curve alope and
PRAITISR cOR-peraunit variance (thst ia, the sarze DE and CE cost-quartity surves),
8 deccase fro= the DE quantity to the quantity Q i Fig. A4 would resut in
quezlity cust vanionce of ) = 76 = ~46 and as adnyiald ecostgrowth ratis of .
. BUGE ~ 46) = 5230 = 1.73. Thua, when there we subrential chanzes jo produc
tice quentity, the OASD(C) method of negeting quantily cost veriance ca3 Jaad o
large difTerences io the revalting ad;usied cor-grosth i Or. 0 put it suother
" way, the OASINC: method of adjusting for quantitychar o uscsa ﬂo.m.: bunl.ao

s0d Lhis can lesd to ipconsistent coct-growth resvia.

These inczanistenciss aov avolded (at leest in princyl) in the metbod sdorred
ju thie study. In our approach, the DE quintity. Q, is s fised Liczling the cost
varience stiributed 0 any change’s} in production quactity is subiractad from the
ta) cost growth; and the result ¢f this subtra=tizs is the vanance stiriduted to
broquantity-induced ccat hacgvee 1o both the Q. end Q, exazaplesin Fig. Ad the
result io the mxx J60 — 76 = 84. Too qusntilyeldianod cost grosth bs thus

- independent of the siga 834 magajtude of the quantity chasge. When the cost.

growth ratin is cciculated for these two ezamples, ths rescls are (34 — (956
160)/76 = 160/78, and [62 ~ (82 ~ 169)}/76 = 160./7C. 12 botls ccsns the cont-
growth ratio is 211. In practics, differences of this msgnitude are rare. Excopt for
mmthuhmchnadmmnb.mmﬁbwandbydmn
metbod ie similar.

COST GROWTH T.XE TRENDS

To esSimate the average annual rate of cost prowih for our 1970w coxt analyals
smpls of 31 programs, we plottad their March 197§ growtl. 14tics against the
mdmmwﬁcnfw-&d‘&emmnmwh
iz 11 of the text

Lxhqnhﬁdnpmfa:hwmuudmu&hpdm '
wilk a~tap lng® (see Fign § and 10 of the tast with the accor panying discission
of prugTums 1o the production phasd), we opted for & lineer curve abowing a
cons'ant sverige annual groweh rete a3 the bast wry to describe the data. The
demuumuhh‘ Uhﬁnudm.lhamdm

- 'c—qh.--ﬂHM-nnh-lhm'u mrves.
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had an svers e annua! cor. growth rate of 8.6 percent * It should be noted that we
dos ruted the Yiintervept of the rejrescion line to ahov sero growth (1 jTowth
rado of unity) at DEARC 1. Also this procedure mizimizal the influence of
progmams that seflered unwsaaliy huph growth rates soom afier DSAKC I
Erpenesce sgpera dal progmame w.t eardy hgl gor are fhely © bc
resiructued. Allcwing the regressios celzuletflon L find 1 0wt Y.intercept might
result iz palling up the ergin of the tread line above wuity, the tue bascline st the
ts.o of DSARCT IL Lhus doeasing the a4 of the tread Lice (Uw mare progracs
that had high initial growth rates, the Jower the saruple’s margiawl or ircremental
annual growth rate would eppear to be).

OASD{C) cbained & sornewhat Jower appregate cost poosth: rate for the pro-
grazs current a' this floe, about 3.6 percent 8 your. A part of the differeve
betwoen the two rarulte derives from the differiog methods used for adicsiing fv
quantity induced cact ehanges, as explaived sarlier® But the primery reca fir
the differect growth rates is the difference & the prograc mmpl=z 0ASDIO)
includes the 83 progrs s reperted 8 Concrescions] SARe, minus the JPV, pluz 8
additions’ programs that are covere? is SAFa pot repartal to the Cocgress The
tample we ussd evcludas eXipe, projrecas thet eatered Allecele dovelopmezt
before 1908 (552 hooce ahould be e f2fuened by the Pockard policics),
and progracs with amdiguous data. Whee we used the complete OASDIC) sermple
bt emnloyed o eemputsticnel mettad, the annae] cot growth rate wer €3
perceat The rcoalning differencs betveen our 43 prroect growth rate sod
OASDIC)'s 3.6 perier: rite was almost complately uercunted for by the different
methods uesd for repreacsting eanval cor’ growth. Our percentige rate is simply
a linear, sverage annual growih rate, whereas OASD(C) uses & c.c.pound growd

rerenlos vae pﬂuﬁﬁm(ﬂl\um . R F Boren Jr.and G. W,
wunvnaa-muummwm Carperviem, lmfmmh

'Aanby ummua—mﬁm@»uq-mum-—nmu
the oversll anved] et %) rrtec o this comparson. This fs tecawe tive OASIYC) mumiple ow’nd

e lfVelte e Mhmmmdﬁnwumn‘m
bn.-‘ﬁqh.d&-dodm-t .
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F-14 COST DATA

ca—

o (1) (2) (3
Progvar Acquisition Develeprent - Current
Cost ($ millions) Estimate (DE) Changes Estimate (CE)
Base Year (1069) Cost - (FY69-76) (FY 65-77)
Development L
RDTGE (F-14A) $78.0 166.4 1044.4
RDTGE (F-14B) 221.8 121.1 - . 342.6
Total RDTEE 899.5 482,58 1387.0
Procurepentz
. Total Flyaway 3323.4 2904.5
Support 471.1 692.3
Initial Spares 697.4 381.5 -
Total Procurement 4491.9 -513.6 3978.3
' Construction3 0 6.1 6.1
Escalation ' '
Economic Change 774.6 202.8 977.4
Program Related -3.4 . =3.4
TOTAL PROGRAM COST 6166.0 . 179.4 6345.4
Quantities . ’ .
velopment 6 6 12
Procurcment 463 -141 322
Total _ 469 -13% 334
Unit Cost F-14A.
~Program $.26 17.89

Ipg cove rs FY 69‘73 CE for. F- 14A-co§ers FY 69-75.

. 2CE changc pr:nc1pall) a function of quantxt) chan;cs

3”5 covers FY's 71,

3, and 74,

‘Result of Con;ressxonal transfer of funds from PAMY to

RDT&E

Source:

31 March 1974

[webb,1872:Fig.2;
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F-14 COST VARIANCE

Tot.!
($ in nillions) Escalation Pr.. .am
DEV PROC CONST Provisions cust
, bevgiopmént . - -
Estimate - 889,58 4491.9 0 774.6 6616.0
1. Quantity 269.3 -1095.¢ ‘ -179.6 ~100§.7
2. Engineering -2.8 ' .6 -2.2
3. Schedule - 101.9  275.6 , 99.5 477,18
4. Economic = 2028 2028
5. Unpredictable " |
6. Performance _ L
Incentive 5.5 : , R 6.0
7. Contract S . o
Cost Overruné?.6 ST 1% 1 73.1
8. Support . a2 6.1 go.s 329.0
(9. Estimating 43.2 464 lyg3 gy s
Current » ; : : ' }
Estimate 1387.0 ~ 3978.3 , 611'. 974.,0 a '6345.‘

~ .7 (Webb,1974:F1g.6)
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