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PREPACE

Th2 rasearch effort ra2presented by tals C2port was fanded
under ONBR grant No. NOOQ1483WR30236, datad 28 December 1982,
The Statement cf Work which spascifiad <th2 %ask to bs accoan-
plishel r=ad as follows:

Market environmants relevant to th2 5512 sourcs versus
dual source decisisn for the procurament of =major
veapon systems will be identified. rh2 pricing behav-
ior of contractors operating in :a2s2 =zavicora=nts
will be analyzed, and its potential impact on prograa
cost will be studied, Suitabls dita from NAVAIR's
contract file will be used, if appropriaca2, for zmpir-
ical verification. The objective is to deriv: an op-
timal acquisition strategy for %he various macket =2n-
vironments.

-

Hopefully, the reader will judge the SO4 to hrave D2en satis-
fied. In our own opinion it has bean 2xcesadsd, due largaly
to the diligent assistancz and 2ffor%ts >f an ass=2mblage »nf
knowledgeakls and intsrested peopls. No study of =his mag-
nitude is undsrtaken without help, buz th2 quality of the
cooperation we received was axceptional. Amonqg thosa makiag
special contribu*ions vere Dan Nussbaum and Waype Wesson, of
the Naval Air Systems Command. Mike B:ltramc and Dave Jcro-
dan, of SAI, also served their advisory rolss above and ba-
yond the call of duty. e are particulacly iadabted <o LT
David Britt, NPS graduate, who spent countlass hours ga%iasc-
ing and analysing lata. Finally, Jamss Sami%h, Diczctor cf
<h2 Navy Accounting and Pinaace Csgaser's Planaizy Divisicern,
daservas spacial racognivicn for "briangingy i+ all =og=<hec®
and "making it happen." The authors alosv:, of couss:, ac-
sapt full <cs3sponsibility for whatsver shcoscoaiags and er-
o3rs the Wwerk may com=ain.
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PAGE iii

EX2CUTIVE SUMBARY

With growing austarity pressures froa th2 Administratien,
Congress, and the general public, DoD decision makers ara
under a wsandate t9 use scarce Tresourcas wisaly. It is a
videly held belief that competition can producz gre2at sav-
ings in acquisition costs. However, auch car=2ful analysis
of the financial iaplications of competition shows that sav-
ings canrot be expected frca avery conpatitive procuraaent,

Regardless of whether a procurament is for a spares part,
clothes, electronic components, or an advanc2d major w=apon
system, it is gemerally <rue that if th2 followiay two con-
ditions are met, price competition is a possibili-y:

1. Adegquate product dascription--Tha product is
describable in a rigorous but not overly re-
strictive aanter so potential suppliers can un-
derstand and ccoply with the Governmeat's re-
guirements.

2. Availability of supplizrs--The Government has
access to at least tvwo independent suppliers
vith the technical comgetence, r2juisitz facil-
ities and wvilliognass to satisfy <+hz zaguire-
sents.

The reprocureseunt 3£ major weapd: systeas, howaver, nay or
@ay not be a good set*iag in which ¢to iapl:u:ny coapezition.
The decisicn requiras in-depta analysis on aa iadividual
case basis. Unfortunatzly, DoD has no exact ne<hod for de-
ciding vhen to introduce ccopetition, or swven whezher compe=~
tition should be introduced.

The zost viable soluticn is to identify =ns aajor price
deverminants that would captur: the 2sseas2 of priciag beha-
voir fcr a group of aajor weapon systea suppli:cs. The ob-
jeceives of this study ar<s cthorefora:

Octcbecs 27, 1983
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1. To identify the significapt variable(s) -ha-
sust be considered in evaluating <=hz dual-
sourcing strategy.

2. To astimate a reasonable rinje >f valuss for
major relevant variable(s) ¢> fa:ilitaca 2¢c¢i-~
mation by practicing analysts.

]
J

In *his study ve have found <that the most significant
question +o ask is,

How do conditions of industry capac utiliza~ion
afgect_t%e ccmpetitive anvircdn t‘;gﬁ TREIEEITRETS
vhich i+s2lf 1s _an essantia elamens in solz-

source varsus dual-source decision?

szudy Apporach and organizatjon

The study approach used in this project is mirrorsd in i+s
organization. We begin with a thorough search of “hz rele-
vant litzrature. Empirical works invastigating potzns
savings from introiucing competition as well as thzaczzic
li+arature dAzaling with price competition are raviawad.

[« N

(%

t
]

DoD contractor profitabili« is very much a rzlaze
sue. Some f2el defense business profits ar2: too low. Oth-
ers aliege d2fense contractors aarn "excassive" profits, W2
aidress the contradiction Letween these visupoints.

Nexz we turn +to the heart of the qua2s+ion~-thz dual
sourcing of a selacted grcup of major weapon sys%ems. da
combins the zesults with contractor and induscry datza which
v2re axtracted both from prior studias aad from vasisus oth-
ar source2s for analysis. Based on this analysis, a2any of
the igportant variants of “he sols sourc2 v:rsus dual souzc?
quastion are addressed.

Pinally, under the pra2mise <hat actual payoff =c *%:= Gov-
ernment is available only through applicazion, we :xplcr:
the ficancial consaqusnc2s of making th2 dual sourcinqg dzci-
sion with the method wé develop.

Octoker 27, 1983 Sxacutiva Snamacy



PAGE v
Literature Reviaw

In Chaptar 2 we raviev the findings >f the iapoc~ant pace
studies of the effacts of competition 5n DoD acyuiszitions.
2ast empirical vorks on the costs and benefizs of in<roduc~
ing competiticr may be grouped broadly into two cassgorics:
those 2xamining the affacts of competition on a gpecific
program, and those eianining a selactel sgample of procgrams.
Pindings frcm toth groups have shown both positivz 2ad neg-
ative results whsn weapon systsms which wa2ra2 previously pro-
cured on a sole~-source basis are dual svurcad.

Empirical studias in recent years have docum=ntzd ¢

increases, dacreases, and no changa in the unit production
cost of weapon systems. Th2 thzoretical founda<=ion of a
production rate impact on cost is c¢losely related 4o the
theory of economies of scale. However, to addrass th: issua2
of the impact of production rate on program cost, one must
make a subtl: distinction Etetwzen the extent ¢o which a fi-am
is utilizing its overall production capacity and the -a<z a<t
vhich th2 units procured under a particular program arcz bLsz-
ing produced.

To introduce a2 second source for a aajor weapoa sys:=m,
additional investmant osver and abova what would b2 neceszar
for a sole-source avard is required. Th2ase includz the cost
of transferring a complex production tachnology, and of the
additional costs which mus* be incurrzd t> set up and marage
a compatitivz production envizonmens, I+ is difficul:t and
expensive to get a good technical data packages (TDP) fSor <+h2
sacond contractor, and even madre difficult to persuade tha
first prcducsr to pass alcng %o a compesitor the ban2fiss of
his manufacturing 2xpérience.

When a second source is to be iatroducei during k= pro-
duction phase, ancther impcrtant questisn is; "Wha: will ¢ha2
first unit pricz be for the second source?"™ I+ s ccamon
for the second scurca to have 1 lower first uni% prics <han
the initial sourcz did. Although th2 impact o <hz many

ralevant factors o95n the secord sourca's irst 1nie rics

October 27, 1983 Executiva Sumnarcy



PAGE vi
cannot ba aeasured directly, surrogata measures have bezn
at tempted by several analysts.

The ability to 2stimate the the affects of competition on
price reduction rates is essantial in detaraining the amount
of potential savings in recurrzing unit cost. It is general-
ly expected that the unit price of proiuces will drop undar
competitive pressure. The size of the 2xpects=d savings may
be a function ¢f three factors:

1. a one-time, protably immediate, veductisn in
unit price wvhen coapetition begins--the so-
callea "shift,™

2. a continuous, or sustaina2d csduction in price
because of a stesper prica-resduction curva
(*rotatiosoao%), and

3. a change in unit production zo5sts because of
the reduced production rate.

There are sany stulies that have addressed the issues of es-
timating the shift and rotation of prica-reduction curvaes
vhen coapetition is introduced, but the results have be:n
far from coaclusive. Atteapts to identify explanatocy fac-
tors hava genarally failad.

The decision +¢o introduce a second source for a aajor
vaapon system requires a prospecsive avaluation of <he €

nancial coasequences, but it also require2s avaluation of a
vide warioty of other factors which, by aasture, do nse wasi-
ly lecd t<hemselves to quantifi=d analysis. The rich litsra-
ture ot compatiticn covers a specttua 3f facwors aand vari-
ables <0 be consids=red by the decision maksar.

ot
Ly

[»4

Conscactor Prcefizability

g

|

Clearzly, the price the Government 3ust pay to acquirs goods
froa a contractor sorves tvo funceioas. Qae of thase is °»o
relabucge th2 contsacor fer the costs L aust igcur te gJupe
ply ti: goods. Tha other is the g¢genarasisa of profiet. Mous
pase studies have Zailed tc saka tiis disziactioa  aad aavs

Jceoker 27, 1943
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PAGE vii
therefore failed to capturse th2 wvolatility of th= prica the
Governaent #wust pay under diffsrent markat conditiors,

In Chapter 3 ve examine data covering 20 years, and study
bow the profitability of DoD contracts has been iafluenced.
> ask howv profitable contractors are in thsir DoD versus
comrercial business sagments, and whether tuz =c-isk lovels
faced ars equivalent.

0ur conclusion is that Program Managscs (P¥'s) have bean
abla to take advantage of tha bargaining power th2y hold to
buy goods at substantizlly lowar profit aargins whan capaci-
ty utilization is low. The returns earnsd by contragters on
DoD business are measurably lover than the rC2%uras on com-
aercial business during pariods of low capacity utilization.

Also, the volatility cf returns is highs: for D2D busi-

a2ss vhich m=2ans the risks are viawad by managzamen* as being
+5 D2 ceason for

somewhat higher. In short, there app2ars
concern, givan samagement's outlook on the cisk/ra=urn ra2la-
tionship for DoD business.

Dazaceinants ¢f Price

e — e et WA Ameiia

“gule of thuab® quantifications of the savings ~rC3suleting
from competition have been disappointingly unreliablsz. The
23eéarch wbich has been dcne on the known hisworii:s suggasts
that dual sourcing of sajor w=apon syst2®s has C3sul<ed in
addgd life cycle costs as cfr=n as it has produced savings
Most recent attampts to sharpen our cost estiaa<isn aonil-
itias have focused on adding a productisn' rva=:s <252 o the
conventional learning curve aodal. Hovavar, th= zagnitude
(and even th2 direction) of th: effect on total p ra
of altsring preduction rates is aow always forig=:ibli=--par-
¢icularly under dual sourciag. So its ifaclusica i <ha mod-
2l, whils oftan helpful, scaetimes laads the azalyse istray.
In Chapter 4 w2 learn cthat the @ffeczt of coap~=izion —a
th2 cost of acquiring major vaipon systaas undsr iqal souice
ing car sore cteliably be escizited oy substity=ing 1 iaduse-
144 cipacity atilizacion «coacept for tha praiducein  rate
conceps, Sisply said, ccspe=ition producses 3w

Qe=ober 27, V9E3 Exzcuziva Suasary




PAGE viii
vhen firms are “hungry:;" when the industry is vsry active,
dual sourcing is of littie benefit as a cost reducer.

As 2 desorstration, ¢orsider Tabls 0.1. The program sav-
ings (l»s®) daci Yere taken frox 3Al's report (Bel:ramo and
Jordan, 1982}. The capacity utilizations wece averages of
the annual figures for tha aerospac~ industry for the years
during vhich dual-source procurement vas in effect for each
prograa.

TABLE 0.1
A Siaple Demonstration

Aanual

Percent Savings Ayarage Capacity

Procureaent or (Lossi Dua geiliza<ion During

Prograa to Competition Dual Sourca Phas=s

TOR 26.0 63.53
Rcckeye Bcab 25.5 70.9
Bullou AGN-12B 18.7 76.2
Shillelagh Missile 5“.7 87.0
SgartOU In-7p 5.0 31.6
| Torpedo 30.9 91,6
Sidevinder AIN-9D/G 7.3 82.3

. ey s

By cexasmining Table 0.1, ¢*he «rsader can confirs that SAI
datermined <hat only three of ths seven pregrams gensgra<ts:d
sufficient savings froa competition %o mors <han offset <hs
invesvaents required to obtain thon. (In calculating these
savings, Beltramo and Jordan follovad the raccamendad proca-
dure of applying 31 10X discount raze 2 the =2stinat:d cost
savings, and 2sducting the cost to <he buyer »f estaolisniag
competition.) 1In oach of the threa “saviags® casss, iadus-
try csracity utilization averaged l23s than 80% duvi.cgq =
dual source phas<¢ of the yprocuraasnt. Bach tine a loss
sulted frow cospetition, capacity ueilization wvas ruariag
above 80X.

Our interpretation is cthat greazer siviags 40 apovesr <o

=
W

‘“
[]

b )
>

have tesuleed Zoca coapetition whan capacisy uzilizieion was
celativaly low. Indeed, diasplezsncatiocon 2f Jual sourcisng

October 27, 1983 Zxzcutivs Symnacy




?AGE ix
vhen capacity utilization was higher than about 80% saems %o
have been, in retrospect, uuwise.

Isplenasntation

Based on the amalysis contained in Chaptsr 4, v~ conclude
that knovledge of ¢the state of capacity usilizazion in the
asrospace industry is an important coapan=2nt of tha correct
management of acquisition programs wh2n coapstition is in
af fect. However, w= £ind that wmore ras=2arch is nzaded to
snable us confidzantly to implemant such concep:s.

g

In this final chapter we discuss th2 possibility of im-
plznmentation. Of specific interest will be our ability tc
make ex ante use of +«he "80%¥ rule®™ as 2a prac:icil, aoney-
saving procurement tool. We fael it would b2 n3csssary to
nake improvements in our ability to forecast aercspace ca-
pacity utilization befors it could actuairly b: usad as a deo-
cisioa variable.

Sose with vhom we have discussed <thz r3sul=s 2f sur wvork

have cointed out tha+ the model could be Improved by using
«h2 capacity utilization measuras for pacrticualr firas rath-
3¢ than for the indusery. W2 totally ag-=22, and would like
to =2xplore this isproveament. our aod2l, hodsevar, may be
vizved and used as a "sccping® device to 3xaziae the amost
likely outcome unler given market condictions. This iapor-
tant coasideration has to data been ignored.

The c2sults of tha study point tha vay £Zaz laivclopaent
and isplementatiocn of sunerior acguisition sezavegiss. Ths
strategias vhich should fcllow will be apelicaosle “o various
sacket envirogments.

,.
.
D

oSt s
»“ . .
»
[ 4

g bl‘.v
RN
LI S
*

Pty

»
wle -
“ ¥,

»
LF WA

Al
. 5

i!ﬂ

e

gcecler 27, 1983 JxaCuniv: Sunsary

)

.




' AR )

g Ve T BT
WL ¥ o

e

Vi o Wi ol iy

PREFACE
BXECUTX

Chapter
1. INT

2. LIT

gctoker

......

\v-hrp ST Sl Ty

AR R R AT SN TR G, AL

CONTENTS

*> - - L d - < * * L] -~ - * < - - * * L

vB suu BAR ! L - . - L 4 L] L d L2 L] * L - L]

RODUCrIOB * L ] . L * * -« - * L4 L4 L d .

Need for Coapetition . . .
Competition Imperatives
Financial Bencfits .
Mobilization Base .,
Iaproved Techpical Performs
Social and Polltlcai Consii
Requirements for Ccmpatition . ., .
Competition in Procurement of Major #
Systems . .
Beconomic Limits
Research Linmits
A Need for "ihat 1£% drilis”
Study Objectives . .
Specific Research Questlons
Assunmptions . . .
tnd{ Apporach angd organizatlon
torature Review ¢ « o o o+ o
Brofitabili<y . o o o o
Detersinants of Price . .
Implementation and Con clusions

ERATURE REVIBVW . . ¢ « ¢ « = « « &

Product«on Ratas . . « v e e
Production Rate and Cost .« s e e
Production Rate Factor in Prior st
Production Rate and Dual Sour"lnq

Weaknasse2s . . « s e
Actual Rate Effects .+ . o o .
Production Rate Heasurement . . .

Second-Sourcs Start-Up Cost . .

Second-Source Star ~Up Costs 13

Investment . .

Elements of Seccnd-Source Start- Up

Estipating Sscond Source Starz-Up
Ccst o% T=chno;og¥ Transfar .
Special Toolin ast,

Equipmen o

Extra Cost of Educational Buxa
Administrative Costs to ta:2
Logistics Costs .

Yecond-Source Pirst-Piece Prico

Factors Con%ribu%ing %o Firsc-
__Bstima*ing Pirst-Piacs Price
Bffects of Competition on Learnir

PIicCeS & « .5 o o _o_ o .
Bapirical S+udies of nShifgn” .
Empirical Studies of "Rotation"
Are Shift and Rctatiom Predictab
"Optimal® Lﬂarnlng CUCVYEeS . . .
Pri<ing, s*ra*eqy ffacts

Other Considerations , , &

Barriers to Coamgpatition
Institional Barrisers
Irdustrg Barrjers .

Threat of Competitiorn .
galitative uenaflts of
egative aspects of Coam

NeCessary Reguiremants

27, 1923

L d -
* -

o s

- -

&

Dc:
er

- *® - - * -

* & o »
s & & 8 &

¢ 0 & 06 8 & > 8 o 0
* & & 5 o & & a2 06 ¢ 0

an

O
<

L]
I A & 2 0 4 8 e 0 S te (e s (D

* (;l 'U. e
W

e J
(S [+ o & 6 & ¢ o |0 ¢ ¢ e

sun
TiTp4s 8 ¢ ¢ o
1 4]

[S]

& & s 0 @ c:l .
(o7

8 4 5 o jae
[43]

s 0 0 08 s s

\D‘
[ @]

.d'

.
.

0
"8 " s o

o..‘.l......(pt.—'ioc'.
o

® 4 8 b o & 4 e g 0 QIS (30 & " e g
o]

® 0 4 8 B 8 o 8 0 g b e I

.
L}
.

‘cost
Costs

- - L]

Proiuctlnn

(&}

&
{sr® o 0 & % ¢ o 06 0 % s s 0 [} Qe » 3
=]

o]

® 60 0 0 o 5 ¢ o8 g 8 6 fUr e s e b

tre
.Ao

s |

® o & o € a
> & 0 5 & & @

® o 8 & 6 0 8 s 2 ¢ s @
¢ o 0 & 6 0 & 4 0 4 &

.
»

e & g & o ¢ 2 @
¢ % ¢ 06 06 8 8

s o s 8
¢ 8 5

D
We ¢ cte »
® & © » 85 ¢

t= N ¢ ]
® & ¢ & o & a4 % a e & 5 6 b e

® & 8 &6 ¢ © g 0 & ¢ 8 g & @

(@}
Q

AL IRV LR L SR L]

PAGE x

- iii

o
B
®

® & & 3 8 8 0
¢ o & 2 & 2 @0

4 86 0 pecdeded et b pb wlt et e o e -

purgu Sy By TK Y 2R N B I )

W= OONINUNEWNOO ORDRNOWUIW WO OWRDUNIIWIW = OCOOVOVRRIOUIVIE WM =~

s o 8 & g 0 * a b s &
b vl

e & s & 8 & s 0 .
DINININININIONY N
* 4 & 5 p & o+ LJ

e« * s
e & & @

[RYWI VTV ST N1 T S TN STNT VT ST - REpir o SOV S SR VI W U S Y

¢ 4 0 o 8 0 &
BAPOBONLBGTONC IO BIIO NN PORSNONINININS  PORION)

e 6 @& o 0 o & 2 e 8 & &
6 & o ¢ 0 8 4 & 4 8 8 4 o 8

o]
o

n
o
ot
n




PAGE xi

Research Kethodology .« « o o o o o o o o 0 o o o 2434
Additgonal Issues 3 S84 « o o o “ e 2.37

3. PROPITABILITY ¢ <« « ¢ o o ¢ o « o o

Ccntracto: Profits e e ¢ o e o o
eguacg rofit . s « . .
ivision "Cost" o e
Profit Varies with Conditicns
DoD as a Large (Customer . . .
Empirxcal Bxamination . . . . .
Besci ption of Data .
Preliminary Analysizs
Dis- Agg“eqatlon Reg
SagQothing . _ .
Associative Analyszs
Interpratation . .
Risk Analysis o « & «
Volatili+ty o Farni
Stock Price Veolatil
Interpretaticn . .
Conclusions and Implications

4. DETERMINANTS OF PRICE . . . . . . &

Theoratical Backgreund . - . . .
Averages Unit Cost . . .
Competition and Excess Capac1*

An Enpzrical Examination . «. . .
Description of Data . . .

A Prelimina Check . .
The , !odels-- eneral Form
Der ng Parameters « « .
2te Model ., . . .
Tv Capacity Utiliza+i
Testing the Models .
Inplications of Findings . .

S IMPLEMBHTATICN AND CONCLUSIONS . .

Forecasting Capacity Utiliza
ime Saglesp ethéds Appl;

L)
L
.
»
-
]
]

o 8 ¢ s & 0

e & & & ¢ & & o
L]

h »
OIS

i

hy
cwm.-oomo.

ol—'-:juoooﬂoo
e s e WWWWWWWWWW W

® & 5 % g & O 3 & 8 % B 5 & 5t o0
s & 5 & 4 8 6 5 6 4 b s 0 6 g 8
e & 5 & 5 5 6 4 b 4 0 4 & % 2 b
e 8 3 &6 o 8 8 o B g b 08 P s
oo.o..‘.o.o...."o
® & 4 6 0 8 ¢ 5 b 5 & 2 s 0 s o
o 5 8 8 4 b & 0 0 ot 00 0 b,

1

L Lalu Lo s by
e b ek i and kB S B

»
L
*

-
3
.
-

L

& & o v 8 s 00

L3
»
L 2
»
[ ]
L ]
.
L]
&
»

*

&
s LEREEEEFEEESE

.

[
o ¢ 40 o * 0 8 9 8 o
4 & 5 & 4 % 6.0 % 0 s
& 8 6 06 6 8 g 06 2 s @
e & 5 & 0 0 406 8 o s
® ¢ o ¢ o & 4 & 8% o 8 o
e ¢ ¢ 4 2 8 2 0 % s & s
¢ & o 8 0 0 0 0 0 s s

e 8 53 o 4 s o
* 2 [Le s s & o

1%}
0.@'.0.00&4‘.
&

L]
*
»
L]
.
.
.
[}
L]

éo
Qutcom=s . R
Improvemants Nesdsd = .
Other Ipplemen+ation Issues .
Exercising Restraint . . . . .
Assymptions Followed , « « « .
Assumed DoD Obijectives .
Reasonable Rates of Return
noblllza*ion Bas2 . . . o
Bconomic Analysis is Essentia
Advantage of Efficisnc .
Discount 2d Constant Do lars
Dual Sou*c1ng is Only One Too
Contractor Strategy. an¢ Behav;or
ric ng F&vl\-&&&.&.&hi -
To wﬁn or Not To Win? . . .
Gaming is Possibls . . « .
Ipcumbent Discourages Compat
Objsctiys is Return on N2t W
CoS~ Allocaticn Complicates
Conclusions « o o o o ¢ o » o

o 0 6 0 ¢ ® 0 3
. 00.0..00..

e ¢ 43 s ¢ ¢ s s s 0 o 8

]
8 ¢ € 8 & & s 8 2+ B s 6 s b s

T

¢ & ¢ & &8 T a2 8 ® & b a2 & ¥ 8 8 s s >

34 & & 8 o % 8 0 % 5 0 3O & 4 0 8 0 o

e

eAd® & o 4 & ¢ & & ¢
POt b 2 OO OO XPODNUNNEWN b W= OEJONE FEWION e FEWINSODNNANE ENN - -

* s 0 s s e e 3 s NUOIUHNALIAINIWLILALY LN

P G Sy e yur e wus L SNy ST SR A BN 2

¢ NrOe ¢ o 8 6 ¢ 6 0 8 4 0 8 8 8 3 0 60
o % 4 o 8 o8 8 ¢ 0 4 8 3 & 8 g8 s s
® 6 0 0 65 00 3 8 0 % g 8% 30 0 0
gL ann

=
s e
a

Appencix pagqs
2, PROGBAMN BISTOBRIES ¢ ¢ ¢ ¢« « o o o ¢ o o o o o o« s« o A1
B. ABROSPACE CAPACITY UTILIZATION HISTORY . . . . . . B.tl
C. AEROSPACE CAPACITY OTILIZATION GRAPAS . . . « . . « C.1

RB?BRBNCES . - . = L] . . . e . - - - - - - - - . - aefer. 1

October 27, 1983 Zantents

...............
.......................
BT AR e S TR S PO SR STEL I S DENEINIETE B TSR TS SIS Y OISR AR
..............................




il

e
.

Lot o

o g

o e SN

b
%y

. AR

L ,'x,“'- PREN] . S
AR EATA VLIS A AR
A A A TN R AY R T

AR WAL AT WL WYL S VNS ¢ SIC WAL A W LSS RSSO

INDEX

N e W L e AR

o? xB! ‘ox Ds . L] - L] -* -* * * L L - + -

LIST OF TABLES

Table

0.1 A Simple Demonstraticn . « o ¢ o ¢ o »
2.1 Cost Parity Quantities for Four Hissiles
3.1 Examples of Pirms Studised . « « ¢« ¢« o
3.2 Profit as Function of Government Businsec
3.3 Smoothed Profitability Data Set . « . &
4.1 A Preliminary Hypothesis Check . . . .
4.2 Summary Results of Tests o o« o o o o &
5.1 A Preliminary Hypothesis Check . . . .
5.2 Swings in Monthly Capacity UOtilization
5.3 Average Capacity Utilization Swings . .
5.4 Forscasts of Capacity Utilization « .
5.5 Outcomss Using the Model . . . . . .« .

LIST OF PIGURES

Eiguze

2.1 Averags Unit Costs at Different Outputs
2.2 Evar-Decreasing Rate/Cost Curva . . . .
2.3 Symmetrical U-Shaped Rat2/Cost Curve .
2.4 Different Pricing Strategies . . . . .
3.1 Profit Raties and Utilizatior vs rima .
4.1 U-Shaped Average Unit Cost . . ¢« « « &

Octoter 27, 1983

e

e
S

PAGE xidi
INDEX1.1

page
« o viii
e o 2,16
« « 3.6
« « 3.8
« + 3.9
. o H.5
. o 4,12
e o 5.1
. o 5.2
« o 5.3
- o S.b
« o« 5.4

pags
e o 244
« o« 2.6
o . 2.7
v o 2426
. .« 3.10
. . 4.2
lontzints




PAGE 1.1

Chapter 1
) INTRODUCTION

There are two reasons why the cost 2stimating methods used
in defense acquisition are appropriate subj=cts for an in-
depth, financial management iwmprovement ana'ysis. Firs*,
although the total propor“ion of the dafanse budget which
goes for major weapon systems acquisizion is smallsr than
the part devoted to perscnnel and othar opsrating =2xpandi-
tures, the funding fsr +¢he latter i3 somawhat automatic
while the funding for the former must und2rgo closar scruti-
ny by both DoD and Congress during *he annual budgeting pro-
caSs. In the early stages of the developmant of a nzsw sys-
tam, the c¢ost depends on so many variables <that the
estimating prccess necessarily requir2as assumptions about
future govermmental decisions as well as on ths marke: =2nvi-
ronuent in whi<h the procurements will taks place. Substan-
tiating the budget request tequires "what if" drills +o gen-
arate reliable cest figures.

Second, with growing austerity pressurss from +he Admin-
istration, Congress, and the general public, DoD dacision
makers are under 3 randate to use scarce rasourcas wisely,
I+ is a widely-held belisf that competition can producs
great savings in acquisiticn costs. Howsvar, saviags cannoz
bs expected from every coapetitive procuraament. A careful
analysis of the financial implications oI competition und=r
differsnt market environments is tharefors asssntial <o *the
af ficient and sffective utilizaticn of public rssourcas.

1.1 NEED FOR COHPETITION
Thare is a desp-ssated and historic bzlis:f that thes bhest

p.od21 for Govsrnmsnt procuremen”t is solicitation of price
of fars from a maximum nueber of gqualifi:d sources. Ind:ed,
there arz many advantages td the Governman: of competiiion

if it is applied propsrly. Various impsratives for ccmpe*i-
tion in defsnse procursments will be discussed below.

O¢ctobar 27, 1983 Chaptar 1
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1.1.1 Competition Imperatives
Since 1809, statutes, regulations and sxacutive ozdszs havs
consistantly affirmed the position thit governmen* procure-
p2nt must be made on a ccmpatitive basis to ths greatest
possible extant. In 1969, the Subcommittees on Prioritiss
and Bconomy in Government of the Joint Econowmic Committes
called for vastly expandad use of compstition for procuring
all Defense Department material. This position was reaf-
firmed by the current Adminis*ration in zh2 Carlucci Ini«ia-
tives [ 1981)].

We are convinced, that we haye now _a hisztoric aad

unique opportunity to significantly improva the

Defense acquisition systam. We ask for your coop-

eration and assistance in carrying su* these d2ci-
sions.

1. 1. 1.1 Pinancial Benefits

In 1965, Secretary of Defense R. S. McNamara repor%2d to *he
Joint Econcmic Committee that the General Accounting Office
had evidence of dollar savings on the osrder of 25% o>r mors
when competition was introduced for reprocursmant of an item
which had a sole=-source producament history. Sinca <hen,
this 25% saving figure has bezn quoted rapeatedly. While
there are questions about the generalizibility of <h2 state-
m2nt, the fact remains that, in a competizivz marks* 2nvi-
ronment, th2 price paid by the buyer :2nis %o aovs in %he
direction of the minimum costs of produc+ion.

1.1.1.2 Mobilization Base

In the interest of industrial amobilization, the DoD may in-
zroduce «ccempetition to strengthen ¢the da3fsnse ipdustrial
base, The Defense Acgyuisition Regulations provids gensral
authority to develop and iaplament plans aad programs *o
provids an industrial mosbilization base which can mez% pro-
ducticn requirements for esssntial wmiliczacy suppliss and
sarvices, and specifically accoamodates the division ¢f pro-
duction -egquirements between two Or mor: Idatractors Lo pro-
vids for such a base.

Octobar 27, 1983 Chap*=r 1
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1. 1. 1.3 Inproved Technical Performanca
Inproved equipment performance frequently —rcesults from com-
patition. A fresh look at ¢the hardvarz by competent engi-

naers of the coapeting firms often results in technical im-

= :n- -';l? "~
PP ke
.

provements and better problea solving t2chniqu=zs.

A.‘-g.
KX,

Lo
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1. 1. 1.4 Social and Political Considerations
Although cost reduction, mobilization bas= and improvad per-

_J

5
l,'

ot
y oKy Ly

formance are important reasons for introducing competition,

$a e

g

it may alsc be desirable for a wide variaty of other purpos-

(RS ¥ ]

28s. At the legislative level, competing supplisrs havs been
o awarded contracts for the sake of fairnzss, evenhandednszss,
*i employmant, or other political and social considerations.

1.2 REQUIREMENIS POR COMPETITION
In sbita of the overwhalaing opinicn favoring price competi-
tion, and formal o amitment to its us2, the DoD has histor-
ically enployed this methecd for only about a third of i*s
total procur2ament dollars. This is becaus2 the defsnse npar-
kat is different from a traditional coapstitive markza<.
Competition in traditional markets arisss when buysrs and
Ss2llers are numerous and individually 3o unimportant in the
market that “heir separate actions have nd> meaningful impact
on markat price. While some items in fac- are procur=ad by
,fﬂ 02D in such a market, many important aspacts of th2 D¢D mar-
k2t for other iteas are differen<. DoD is often the only
buyar, and corsequently exerts complet2 zontrol ovar marka*
size, the timing of d2mand and, irdeed, «hsther there will
bz a market. Products usually 30 not alr=ady =sxist bu+, in-
: stead, are created at the behest of DoD.

Regardless of whe<hsr the procurem2at is for a spars2
part, clothes, electronic compon2nts, or an advanczd major
vzapon systam, it is generally trus what if the following
«20 conditions are met, price competition in the DOD =markz«
is financially desirabla:

Oc+ober 27, 1983 Chapzar
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PAGE 1.4

1« Adequate product description--The product is
descritable in a rigorous but not overly ra-
strictiva manner so poten+<ial supplisrs can un-
derstand and comply with the Goveramen<'s res-
quirements.

2. Availability of suppliers--Th2 Govarnment has
access t5 at least two indapsndant suppliers
with the technical competance, raquisitz facil-
ities and willingness %o satisfy +hs require-

ments.

Using these twc requirements to svaluate the potantial for
competition, cne can 2asily coaclud2, as confirmed by r=acent
studies, that small value itsms with large gquantity rsquire-
mants, and products that are identical to or closa deriva-
tives of commercial products, ars the best candidates for
price competition--and that major weapon systemas R&ED and
initial production may not be good candidactes.

It may or may not be pruden®t to ra3procure major weapon
systens through competiticn. The decision fequirss in-dspth
analysis on an ipdividual casz basis dus =0 the uniguersss

of each systan.

1.3 COMPETITION [N PROCUREMENT OF #AJOR WEAPON SYSTEMS
Procursaent of major uweapon systems pos2s 2 uniquz problen.

Since th2 Governmeat is the only buy2r, it dic=atz2s <he siza
¢f +the market and the tirming of de¢zand. Compoun iing thes=
uncertainties <o the supplier is the heavy investa:ant ne3ded
td become a suppliar. In this kind 2f =2avironasaz, <th2
availability cf suppliars wmay be linked =o =h2 willingress
of the Governmen<s *o absorb at least part Of the risk, which
»*2uld 3ean that the govaramant MUST Zpcur Lavestdenst cCoOsS<s
.3 develop a suppli=sr or to iatroduce a coampa=itor.,

DoD has no sexplicit basis $£9r deciding vwh2z o ias<rodue:
compe%iticn, or =2ven vhether coapesitisn shculd b: iasca-
duc=4d. In Zact, 32 3ssessaen by Arcalipbpall, =t al., o tias

Oc<otec 27, 1583 Chaip=sz 1
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o PAGE 1.5
current state of *.e art seeas to be regretvably truas [ 1981:
p. 52

Current understanding of the coumpat
curement procsss 1S @éagar It woul
ple, be an understatement to say that
nants of post-competition price dif ences have
not yet been identified. We are unable to discov-
ef a rtelatively coamplete list of aven the potzan-
tial determinants.

Compounding the issue is the need t> increase th2 indus-
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trial aobilization base for advanced aaizr wveapon systems.
The need for a wmobilization base oftsn calls for a3 dual
sourcing strategy in which the government procures th2 nsed-
2d quantity frcm both sources. However, no one had speci-
fied how much additional cost is Jjustified in order =2
achieve this objectivae,

R Y e
OO o SU [ g = W

1.3.1 EBconomic Limits

Although dual sourcing does gsnerata csompatitiva prassuras

iR » &

among firams, it Jdoes not confer the full bensfirs of pure

ey
PR

(2ia

price competition because of the division of the procurament

>

.

£

¢

quantity among a small number (as a practical mat%ar, two)
of suppliers, and the lack of competitiosn at the *"quicante2d4
bug" level., Couplad with the fact that a substantial amount
of initial investment by both the goverament and the sacond
source is often nea2ded to establish di1al source compeition,
ths net financial advantage of dual sourciag is liait2d4, and
far froa precisely predictable.

a multitude cf relatively recent studias undsctaken cto
quantify the sxtsnt of savings froa dual sourcing have un-
torturately produced inconclusive raesulres. A larg: numbar
of variables, including the Government's own policy dsci-
sions, w@ay contrtibute to %he differenc: ia th2 price %c be
paid for the product.

1.3.2 Besearch Liaits
Ez A osathewmatical zegquireaent £or any azssapt to d3valoo a
‘ ; ' forecasting model is <o have a largs 2uabsr of obssrvations
'Q 50 that a tread can be detacted. For all practical purpos-
5 as, this fac< vosas 1 gepuine limis <> i pov=znzial £s3:2

&

October 27, 1983 Jaipeez 1
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drawing wuseful conclusions from major wvaapon systaams re-
search, as several recent studies have found.

3 If the value of dual-source competition caanot b2 meas-
} ured with a reasonable degree of confidence, then defanse of
\ - budgetary estimates and developasnt of a finaacially sound
. acquisition stretegy 4is exceedingly difficult. Given the
small available data base, ¢the most viabla2 solution is to
identify the major price detsrminants taat would capturs the
assense of pricing behavoir for a group o5f wajor w2apon sys-
- tom suppliers. The relevant forces should be identifiable--
S -and the basic amethodology and procedurss can be standard-
ized.

kP

e 4 A B a
(] . [
LY Y S S |

a

1.4 A NEED POR ®WHAT IP" DRILLS
If the development of an exact foracasting formula is not
faasibla, the detarminaticn of the net financial advantage

0 I
% A

PR

“a’s

or disadvantage of dual sourcing depends on specific assuap-

s s a’a

tions about the market environment, the contractor's busi-
{' nass strategy and pricing behavior, ths Governa2nt's poli-
3 cies and decisions, and a host of othar factors. Ir this
case, =he cradibility of the projecta2d financial 3atz hingss
- on the reasonalblensss 3f the assumptions amade. Therefore,
" the "what if" drill can be a valuable tool in estimating the
financial effects 2f dual soarcing. consider thres advan-
tages.,

\ Pirst, decision makers are reamirded of -he contingernt na-
ture of the numbers. Discrepencies betwe3n the 2stismates
anod actual nusbers would be 2asier to reconcila if *hz orig-

T b
ol i
.‘”.
P 2V

izal assuaptions were exaaiped. The n23d for such an 2xer-

a“a
[N

cise is hinted at by ADM Seymour in his comaentaty on the

13
r )’J

need te iaprove costing credibility om Capitol Hill [1982:
8, 32).
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& Sacond, as discussed =aarlisr, dual sourcs cstpe=ition wmay
- be introduced for a wide variesty of ceasons othzr than fi-
n nancial. At the lagislative l:ivel, coapetizg suppliscs have
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PAGE 1.7
been awvarded contracts on grounds of fairnass, ev:n-handed-
ness, eaplcyment, and sc om,. At ths nmilitary department

lavel, aobilization base and iapzovement in tachrnical per-
formance are often citad as major reasoas f>r dual sourcing.
In our view, policy issuas such as fairness, <2oployment and
mobilizaticn tase do not easily render theaselves %o quanti=-
fied analysis. Howvever, a financial cost-benefi*t apalysis
of the dual sourcing decision, based on a known s=2x 0of poli-
cy assuaptions can be a valuabla tool, If the rasult shows
dual sourcing is uneconoamical, the magnitude of th2 disecon-
oay can still serve as a2 useful input ia s=t+ting Policy.

Third, conveying the assuaptions made by t<he “ovarnment
to *he suppliers could aminimize nmuch of the guesswork and
uncertainties facad by both partiaes. Such ar 2xercise
should enhance, rather than detract froa, *he raliability of
the cost estimates.

1.5  STUDY OBJECTIVES
As discussed earliar, there are literally hundrsds of fac-
tors that may influence the price paid for goods under dual
sourcing. Our objectives aust therefor2 be limitai.

The objectives 2f this study are:

1. To develop a stardazdized amethodology *o ssti-
sate the finapcial consequencas >f dual source
coapetition.

2. To identify significant variables <hat aus< be
considersed in evaluating dual-sourciang serat-
egy.

3. 1To estim2te i reasonable rangs 2f valuss for
sajor relevant variables to facilizaze sstima-

tion by practiciag analysts.

[ —

In order to accomplish the objectives listad abova, w2 will
focus on the major questions faciag th2 nalyst wh=aa the
sacond sourciag decision is contemplacai.

Ocstober 27, 1983 Chapter 1
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1.5.1 sSpecific Research Questions
The following questions will serve as a touchstona in
selection of iaportant variables to b2 considerasd in
analysis.

1.8

1. How do oonditions of industry capicity u<iliza-
tion affact the competitive =2nvironma2nt ipn the
market, which itself is an assantial =l3m2at ia
sole-source versus dual-sourc2 decision?

2. To vhat =xtant does “"gaming® activizy erode th=
potential benefits of dual sourcing?

5. How effective is tha audi+ and rcen=agotiation
process in stimula®ing the 2conomic advan*age
of competition?

4., Could Dod's efforts to raduc2 product acgyusi-
tion costs be so effective 15 to wmake ths DoD
marXxet s> unattractiva as *o 2ffactively =2limi-
nate potantial supplisrs?

S. #Would a reducticn ia the pricas sevzrly wv2oakan
tih2 fircancial strangth of potantial suppliercs?

6, Mi:ckt (9 and (S) laad %o higher costs in th2
event ¢f a surge in reoguireasrats dus to5 a pro-
longed emarcgancy?

7. Is the a’ditional adainistraciva cost > dnal
sourcing large enough to requir2 Juaatification
and iaclusioa in the agalysis?

8, Are the aonrecurring iavasto:nt Costs T3quirad
to introduce a second socurc? so sigaificant as
to ofiset potential saviags froa pricy zedyce

tions?

1.5.2 Assuaptions

te this seudy, we ¢ill agsums thas dual sourzcing L3 <ons
plated vhen whe specificatiosns  have hzan dsvilopad aad
sole-source sugplier is in or will soon bagin <he proiuce
phase. This would sxclude acyuisi-ion actions iavalwing:

October 27, 1983 Chupma
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1. Parallel developments undar rasearch and dzvel-
opment prograas whacs tvec coatractors are usu-
ally concurrently funded for proptotyp: hard-
vare developemant leading <o a “fly-cff",

2. Obtaining an item from a nev sourca subsagquent
to a default tarmination.

3. Ccaponent breakout, 1nvclving *he decision as
to whethar <cocaponsats should b2 purchased by
the Governmaent directly and furnished *o an =2nd
itaa contractor as Government Puraishsd Materi-
al (GPE) or purchased by the zon=zactor (CPE).

4. The splitting of an award unier invitation fo:
bids procedurss resulting from special sacial
considerations such as Small 3usinscs or Labor
Scrplus Area sat-asidas.

1.6 STNDY APPOBACH AND ORGANIZ ATION

E—1—P ¢

The study approach wused in *his projezt is mirrorzd in the
orgaaization of the handbook. There a
chaptars. A brief description of each Sollows.

1.6.1 Literature Review
This study began wish a thorough seatch >f =

hs
rature. Empirical wvorks iavestiga%wiag pocantial savinqge
Zroa introduciag coampstition 33 ¥wsll as <hao0
~ure dsaring with price competitio: wiars r3Ivigwol. This
phase vas essential w3 th? idsntizication of quastisns and
the major variabley the decision aakzar agsst €2
of *he majcr variables considezed iy zhls 3wy
usly idaoneified ia th2 ospirical wosks rasviaw
evar, A raeview of the literasure in cost accoouating
acaias helped %o ilem=ify sevaral factars walcn hal 23 ba:a

addressed in prier studias,

Qctober 27, 19813 Ixyovar
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PAGE 1.10

1.6.2 Pprofitability

DoD contractor profitabilicy is very much a <zela<c:d issue.
Some faal defanse business profits are too low. So low, in
fact, as to run a risk that the defense business may be con-
varted into a “sarket of last resort.® Others all:ge de-
f2nse contractors ea:on "excessi ve®" prafics. Th: contra-
diction between these viewpoints 1is addrassed in this
saction, wh2re we study factors <hat influeaca tha profit-
ability of DoD contractors. This analysis lsads to ques-
tions which were not addressed in prior studiss,

1.6.3 Deteramigants of Price

Saveral recent studies have =2xaeinad thz costs o:- benefits
of dual sourcing a salacted group of w@majd- wzapon systeas.
We coasbined thesa results with contractor and industry data,
vhich were =2xtractad frca prior studias and from various
other sources, for further analysis. Bas2d on this analy-
sis, 2any of the iamportant variants of the sols source ver-
sus dual source ques+<ion wer> addressed. The mz:thodology
needed to evaluate ths financial conseguance of dual sourc-
ing is daveloged.

1.6.4 Isplementation and Conclosions
Uader the prceaise that any actual payoff +to the Govarnment
of nev knowledge is availabls oaly throuya its uss, we ex-

plore =he financial conseaquencss of 2aking =h=2 dual soaccing

a
decision using a method chat {ncorporitas <he e3josr vari-
ables idantified ia Chaptar 4. The method parami=s chapges
in parase*eér values <0 allow =ha dacision aakar *he flexi-
bility of evaluating financial corsaquancas under difterent

sots of assumptions, or the so-called “whaz ifgw 4d:-ill.
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Chapter 2
LITEBATURE RZIVIEW

In this chapter we review the findings >f the important past
studies of the eoffacts of competition on DoD acquisitioas.
Both empirical works investigating pocantial savings froa
introducing competition as wesll as “hsoresical litzractuce
daaling with price competition are revizved.

Past empirical works on the costs and ban=2fits of intro-~
ducing coape<iticn may be grouped broaily into <=wo catego-
ries: +thos2 axamining th2 2affects of zompatition on a gpe-
cifi¢c prograa, and *hose oxamining a s3alsacted sample of
prograzs. Piadings f£rom both groups havs basean far froam con-
clusiva, Bven after ad justing for differsnces in asasura-
ma2nt methods, both positive and negativa savings have be:zn
found for competitively procured weapon systeas which wersz
proviously procured on a sole-source basis. What caa be a5~
tablished from <thase 2apirical wvorks is <that saviags arze
passible frea introducing competition, .it losses ira possi-
ble too. Unfor<unataly, the cutcosa ades not appsar always
to be pra2dictalbl=. Exactly vhat conditions lead <2 savings
versus iossas is not kaown.

To resolva this uncertainty has bdeen ta2 major abjscuive
Of no lass thap fiva comprehsasive studies conduct2d by cths
Azay and the Instituta for Defense Analysis [U.S. Aray,
1372; Zusman, et al., 19748; Lovett and Nocton, 1978; Braa-
208, @t al., 1979; Daly, et al., 1979]. These hava all beasp
atcenpes to identify a relationship bpeotwsen the 23xpace=d

savings £rom compatition axd povintial ezplanacary varci

t9

sbles. Hovaver, <tha results Zrom th3se studies show =hasw
¢ha magaituda and diraceior of the 2mxpect:d saviags hag hasa

&

[¢]
e

50 variable =hazr no simple cepresenzatisn J2f =ha sffacts
Lrtroduciag competivion is likely o Aazlp reduce =aa aacer

talaty £3ced by a8 Jecision sasscT.

ocueclker 27, 1983 Chapesz 2
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: PAGE 2.2
f} While the total nuaber of programs sxaamined 3in the five
' above-menticned studies exceeds forty, i< should b2 pointad
out that most of the data selacted wars not of particular
Q{ value in predicting the expecved savings from second sourc-
ing major weapcn systems. One reason is +<hat nost of the
g competitions wer2 in the form of winmer-take-all, or buy-
outs. Very few cases c¢f split-buy <compatitiorn wsre ob-
sarved. Another is that the investment cos* fcr introducing
competition was often assumed to b2 r2lativz:ly insignifi-
-3 cant, if not negligible, since nmost obsarvad cases wers
mass-produced, low unit-value iteas. Fo>r major w=2apon sys-
t2ms, the gross savings from introducing coampetition must b=

e
t

sufficisnt to justify the signpificanr <costs and risks asso-
ciated with competitive procuremert,

) e - -
L L U il

Due ¢0 the constraint of a limited daza basszs and the com-
pi2xity of the issue, attempts to construct a simple, detzarn-

ainistic grantitative model for 2valuation of the second-

x ' i
% e ES L €

sourcing issue have to date been fruitl:zss. Morsovar, past
_ studies have tended t» rely wupon strictly zmpirical me*hcd-
. ology. That is, =2ach dralysis ignorsl factors such as the
) supp.isrs* different iricing stretegiss unda2r diff:raat mar-
'Y k2t conditions, and pilacud complete reliancs orn empirically-
based constructs (such as learning curvss) 13 the conceprual
- Soundation for analyzing the dscision.
- ¥ Our approach to th2 issue will b2 t> b3Jin with the z3co-

\
CRE%
P

noaic theory of *he £irm in miad. Thails concsptual fournda-

TS

tion will enabls us to identify +*ha amijor quastions and
vaciables to be considered by a d=cision makzrC.

*

Howsvar, a rsview of the existiny woirk ~ili enabls uys %o

7 v 4 By
O SR N i v §

t-vanslate ths <h2oretical qusstions and vaciablss ato oper-

)

iy,
[y

-1 4 ational terss, and <o iden=ify wha< has 3a2di has no* bean al-
drassed. With this "deccmposition® apprcach, ¥e caan svalu-

azs pricr worLKS %2 s2¢ wibsthar acy lijht has be3x shzad an

#a

n is

(i
A

¢ 3 the variables to b2 considerzd. Tha ovscooiding concer
td> s2ek any information <hat would rwiucs the yncartainey
surronding the influsacsy ol sach varlabla,

o]

@
A L A

0%

3
M
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Our discussion of the state-of-the-art will be organized
by section, according to the following major topics:

1. Productisn Rates

2. Sacond-Syurce S*art-Up Cost

3. Second-Source First-Piece Pri:za

4, Effects 5f Competition on Lsaraing Ratss and
Prices

5. Other Considerations

6. BResearch Methodology

7. Additional Issues Raised

2.1 PRODUCTION RATES

Acquisition sxperisnce in the DoD has shown that production
rates for new military weapon systams are subject =o fros-
quent adjustaent. Congressional pressurz2 or world crisis,
aasong many other factors, may be sufficient to alter pravi-
ously plannad production rates. Yet th2 impact on procurz-
mant costs of these rate changes is not gensrally under-
stood. Empirical studies in recent y2ars have documentz4
cises vhere increases in production rat: nave been associa+%~-
ed with increases, decrsases, and no c¢hiajs in the uni* pro-
Juction cost of veapon systeas [ Smith, 1976].

2.1.1  Production Rate and Cost

The theoretical foundation of 3 production rate impact on
cast is closely related to the theeory of 2conomies of scals.
iowever, to address the issue of the iapact of produce+ion
rate on program cost, S0 must make 3 subtl: distinction ba-

*vaan,

'« th2 extent to which a firm is uaeilizing its

—_—

overall producticn capacizty, 1ad
2. thz ra=e at which thes unizs procur=d uwnd:r a
particular prograa are beling proiucszd.

W

-—e

0cwobes 27, 19813
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DAGE 2.4
The fcrmer relates, at least in theory, %9 production fac-
tors which serve the firm's total output and may, in aggre-
gate, be fixed. The latter depends on the supply of one or
more producticn factors that relate to the specific pro-
gram--and are usually variablse. These two phsncm3na are re-
lated in that they often act in concert.

To illustrate the effects of production raze on produc-
*ion cecst, lat us assume that thers are thr2e plants capabls
of producing the same item, say a missile. Further assume
each plant wcul:! .roduce pothing but this particular mis-
sile. In Figurz 2.1, a cost curve is shown for =ach plant
as AUC!1 (Average Uait Cost 1), AUC2, acd AUC3 resp=ctively.

Unit
.o cost
,“: ( s)
2 AUC1 AUC3
A
. ] |
- :Auczz ! :
?: ' ) '
= R T R e e Lt et St Dt et k31 B R A<
v 20 40 60 80 100 120 140 160 180
¥ —
¥
» Pigure 2.1: Averige Unit Cos*s at Diffarsnt Outputs
X
%
»x Tha lovest-cost production rates for the individual plan*s
fk are assuaed to be 50, 100, and 150 per pariod raspectivealy.
i%: Plant 2 is the most =2fficient plant if osutput quantity is
:j not a major decision factor, because it shows *h2 lowast
ff possible average unit cost. But if orly U4J units ars to D3
;? producsd Plant 1 is more efficispt. At 150 unis=s Plant 3 is
k- the more efficiert. It should also bz not2d that 40 mis-
.'i siles is not the most efficient rat: of ourpu= for Plant 1.
N

I+ could produc2 at a S0-missila rat: at a lowsT ivarage %o-

Mo
a«

Tata’s

*al cecst per unit thaa i+ could at 40 units.

Y
Pl

DT
H ’ e
et ats
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PAGE 2.5

A question which may be facing th2 acguisition manager
is, "At what producticn level should th2 con*tractor's plant
be facilitized?® If Plant 2 is selected as a sola source
contractor, it should be facilitized to producs 100 missiles
the most efficisnt level).

100 missiles will drive up

pet period (at Any annual buy

quan’ ity greater or smaller than
the average unit cost, other things being 2qual.
Now assume that the scle

tized to produce 100 missiles per year,

source contractor facili-
but that

say 80 missiles.

¥33
the annual
buy turned cut to be smaller than expectzad,

If a second source is introduced, for whatzver r2asosan, and

facilitized at, say 50 missilss per y=ar, chen *he ssacond

source has a built-in advantags over th2 ariginal source in
a split-buy competition due to the impact of production rate

on prcducticn cost.

2. 1.2
Those who have

Studies
adiressed the impact of production rates on

Production Rate Pactor ia Prior

rate is a
model

program cost generally agree that the production
be includ=d
is to be estimated.

significant variable which nust in the

when the impact of learning

2. 1.3
Some aralysts maintain that

Production Rate and Dual Somreing

since dual sourcing divides the

procurement quantity between two sources, it forcss suppli-

ars to forgo the =conomies of large scala production. As a

asult, uni%< costs necessarily rise. Inharant in this ob-

servatica is an assumption that the sola-sourc2 contractor's
cipacity is currsntly underutilized and thaw any further re-
ducticn in production quantity (as a result of secoad sourc-
ing)
the optimal production quantity.

will drive the unit cos* up along th2 curve--away from
This assumption may or may

a0t be true, the reason will become clzac as we discuss the

v3asults of prior empirical works later in this sec=ion.

A major point to be raised here regariing ~<he production

g impact on unit cost is *thes shapy of %hz production

do rs

ot
{0

RER
ate/CcosS% Ccurve. Most enmpirizal works cogniza that a

s

Octobsr 27, 1983 Chaptsar 2
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PAGE 2.6
O-shaped curve exists, but the models actually used by th=2
analysts to capture the impacts of proiuction rates on cost

have usually nct conformed to a U-shaped formulation. Bemis
and Fargher [not dated. See also Womer, 1979; Bzsmis, 1980;
Cox and Gansler, 1981.], for example, uss the following mod-
el in empirical curve fitting:

b
= AX
vhers: = unit cost of product

a constant

M ¢
[

= production rate
annual buy in the z2xample)

b= e§ponent describing tha slope
of the rate/cost cucve

The equation represents an sever-decreasing unit c¢ost when
the production rate increases. The wvalue found for b in
Bemis and Pargher's study was -0.19, wanich corresponds to a
slope of approximately 87.7% for the rate/cosst curve. Fig-
are 2.2 depicts a curve represented by such a aodel.

Unit
cost
($)
L----+-—--+~---+----+----+-——-+----+----+----+--Units
20 406 60 80 100 120 140 160 180
Figqure 2.2; Ever-Dectreasing Rata/Cost Curve

However, an evar-decreasing vate/cos: curve may be a rcea-

sonable representation of reality if a firm has a great ieal
of idls capacity. But is this a r=as>nable assumption for

Octoker 27, 1983 Chapts:r 2
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PAGE 2.7
the general case? Carrick's [1982] intecvisws with five
Army contractors provide som= clues. fi2 notad <+<hat some

original developer/contractors and suwyconsractors have in-
vasted in facilitiss to support production ratas far in ex-
c2ss of the actual u<ilization of thosa facilitiszs, Th
Goverpaent sometimes is responsible for tha the existenca of
excess capacity becauss of prograa cutbacks or stratch-outs.
A program stretch-out increasses overhead allocations which,
in turn, may cause price adjustments.

Two r2cent analyses (TASC) [See, particularly Kratz, et
al., not dated.] have in fact made the imporrant advancs of
using U-shapsd curves. Hcwevar, their sxamples showed only
a curve that was symmstrical, in shaps, 1s seea in Figure
24 3.

Unit
cost
(%)
. !
' '
3 !
) )
) }
) ' '
! ’ ) Prod.
Pt mm——— e e e etk Sttt Rare
1 Ro 2Ro-1
s -4
Pigure 2.3: Syametrical 0-Shaped Rate/Cos<« Curve
. p—

Th2* major reason for assuming a syametrical curve vis con-
venience, sipce a single production rate parimawsr can b2
added to the convantional lsarning curve aodsl =0 rzflec-
~he impact of both lezrniny and ra<: on price. The follow-
ing equaticn expresses thelr U-shaped amodel aathemitically:

(&}
7]
[T
‘U
s
W
LB
[ 193
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b ¢
ALY

= unit price of the Xth item produczd
= first unit price
camulative production juanrnizcy

]

where:

]

coefficient of the iearning factor

< T O O NN
]

= Rate (R) if R < Ro ogtimal ratal, but
Y= 280 - R (if Ro < 2Ro0 -1

“ﬁ c = exponent describing th: slope of *th2
rate/cost curve.

Using this equation, Kratz, et al., repocrted the prics reac-
tions at<cributable to a change in productisn ratsz. Of th2
11 prograas analyz243, nire have a paramstar value of less
*han 100% and ¢wo prcgraass (Bullpup AG¥-123 and TOW) have
values slightly above 100X. The paramstar values vary wide-

.
o il

P
Pas
- Ba

ly, rarging frco a lov of 75.4% to a high of 100.7%, wi+th a

T
“» " "yt ]

f
l' -

sean of 90.3%. Similur wide variations in thase valuss wsr?
reported by Saith [1976].

AR
kNl W N

2. 1. 3.1 ¥4: knessus
As ‘s sl 2 case with 3ver-decrezasing tarms, <there are pajor
v2riciencies associated with assuming 1 symastrical shape
for the rates/cost curve. First, the optimal productior rats
must be accurately determined, othirwis2 2rrors may occur :ia
both the nagnitude and dirsction <c¢f ccst changes. Second,
changes in cost vhen the produc ticn rate 153 below the nmost
. ef S .ciznt level may w2ll be different from those wvaich occur
;; vhen tha plan® operatss above its wost afficiane pein:. The
forser typically arce the result cf aamdortizacion 2f fixad
€osts ovar an increased number of producstisa uniss, whils
tha latter are wuysually the2 rasult J3f addic cost3s 0
I wstretch* capaci=sy.

2. 1.3.2 Actual Bate Bffects

¥2 concur wiz=h the TASC analysz=st cbservazisa = ia raal-

o]
at
-

ot
(4]
o o
w
'

(A1)

BN < -h 3
R -ty. h": &

ral Zoras, depanding ot ths pwculiacizisg

facw 3£ production ate 0 uatl 21y “ax?
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»

ual produrtion 1lina. We feel compellzd =5 add, ncwevar,
that no analysis to ™te has considarsd the eff=c*s of ca-
pacity utilizaticn, vhich constitutes an importart ovar-
sight, or has tricsd +*he costy/utilization «curve for any
firm. The cptiml production ra*e and the shape of the
curve will in fact vary from one contractor to another and,
for the sape contractor, from period t> pariod. A aodel
that allows tle shape and slope +to vary Irom cas2 to case
would be preferabla.

2.1.4 Pproduction Bate Neasureaent

How should ws measur2 the production raitz for cost zstima-
tion purposes? The ideal approach would be <=c obsesrve the
contractor's actual production schzduls. Wom:T's study
{1979] is based on an attempt (not really successful) to ob-
tain the needed data. Virtually all oth=sr stiadiss dealing
with ths production rate use 1ot siz2 to producs an approxi-
maticn of the groduction rate. Given tha lack of dstail:d
production rats data, the use of lot size 1c¢»s sezm t¢c be ¢
r2asonable choice for researchers. Practicing analysts max
ha able to do bettar. The implication for the pregram man-
ager is tha% the jovernment should rejuirzs conrtractors to
explein as part of their proposals the naschanisms fsr acco-
moda ting production rate changss. This poin%t will be dis-
cussed in greater detail in another chapts=r.

2.2 SECOND~-SOURCE START-O
To introduce a second source for a majcc w=2apon systsm, ad-

€oST
ditional invsstment over and above vha® would bz necessary
for a sole-source avard is raquired. An :xperizncsad pro-
gram manager is awmre of the many problzas =ha®t may ariss in
transferring a coamplex production *a3chnolagy, and ¢f the ad-
diticnal costs vhich must be insurred to szt up and manage a
coapetitive production =avironmen+t. It is5 i.fficul% and =
pensive to g=2% a gouod wechaical data pickage (TDP) Zor t
szcond contractor, and even madce Jifficuls <o persuads +

U

ficst producser to pass ilcng to a compstitor cha bznafie

Qczober 27, 1983 Chap+esr 2
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Y his manufacturing 2xpsrience. A rceviaw of prior empirical
o vorks, hovever, reveals that 2 surprisingly largs number of
0 studies have ignored the investmert cost in analyzing the

e ' benefits from competition.

Py
* c.

. i
AT N ML N N

2.2.1 Second-Source Start-Op Costs as an Invastament

)

There are two reasons for considering the front-zsnd cost of
3 intrcducing a second source when making tha seconi-ssurcirng
if decision. First, the front-snd costs ar2 imam2dia+: and dis-
‘3f tinct. Unless *he need2d funding is spacifically providszd
by Congr2ss, program cut-tacks or siretch-outs may be neces-
f sary *o «create the szcond sourcs. Tha sscond reason for

i considsring the investment cost is that the benz2fits from
: competition are long=-teram and uncertain. In the cass of ma-
- jor weapon systeas, the savings from introducing competition
. may not begin to accrue ontil several ysars after the ini-
- tial investmant is made. Thersfors, it is important to taka
- into account *he opportunity cost of using Goveranmect funds
: for the front-end investment.

- Azong the studies reviewed, only thrz2 have takzn in%o
account the time valu= of money [Daly, 2t al., 1979; Archi-
X bald, =t al., 1981; Beltramc and Jordan, 1982]. Failure to
consider the front-2nd investzent and the tim= valuz of mon-

(RS

e

s

2y have given rise o unvarrant2d m=asursments of tha2 magni-

o
S A

tude of the a8t savings vhich may b2 brought about by compe-
tition. Archibald, ot al. [1981], for 2xampl2, say tha< if
+he in-house and 2xtarnal costs of in4roducing compe=i<ion

5

ver= taken intc acoun, and if costs i1ad savings werz iuly
2N discounted a< the 10% rata suggastad by JIMB, <=he 13.7

GROSS savings on all post-competition produczion for the
ﬁ: APRO-78 study's samplz of 16 it2ms, the nst savings w2
, fact hivs be23n n2qative. Thus, the four syst2ms =2xaained in
" the APRO-79 study (750 lb. Boamb, 4223 Puz2, 4489 Poojsc
. and M103 Cartridge Cass) Jo not sszam t37 generate suificiaen
10%

ot

ils,

ot

<

Q‘-

[11]

e savings Srcm split award compatition t©oy satisfy zh
4 turn riquired by ONB.

g )

o
o
o
ot
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~
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PAGE 2.1
2.2.2 Elements of Sscoud-Sou.ce Start-Up Cost
There is general agreement among analysts <hat the invest-
ment cost of introducing a second sourcs should include all
nonrecurring incremental costs necessary to qualify the new
supplier as a competitive producer. W2 can classify <hes:
incremental costs in five general categoriss.

The cost of techmological transfar: this category ia-
cludes costs paid by the Government to tha asriginal dsv=alop-
ar/producer for assisting the new source, such as prspara-
tion of the technical data package, proprisrtary rcights in
data, engineering and technical s=arvics.

Special tocling, ‘testing and productisn 2guipmant:  any
additional unique facilities and special t2st equipasnt pro-
vided by the Goverament to the new sourca, as well as those
acquired by the contractor, aust be considsrszd as parc+t of
the cost of introducing a second source.

Extra cos: cf educational buys: th2 Government must in-
cur extra cost for awvarding learning bays until the seconi
source becomes price competitive, Note that tha original
source may also charge the Govertiment 2a higher price dusz =0
the reduced quantities.

Administrative costs to the Govarnasat: ia addition =o
purchasing the technical data package i1ad contracting wizh
th2 oringial source to assist the nav sourcs, the govarnaent
also will incur in-house adeministrative <costs to selzcet th2
sacond sourci2, verify the TDP, assist vith =3chpology <=rans-
f2r, qualify %he nev source, and adainistsr %he coape+ition.

Logistics costs: the second scurce will most likely pro-
duce an end product which is soaevhat diffzrent from thar of
che first source, ei<her in design or coaponsnts, 3aven Lif
both products are ideatical in performancz. ESxtra logistics
cost is inevitable if there is a diffsranca beérwsen =ha two
end i+=as.

Soms analysts also argjue that <=he TD? =z2ads to be inade-
Juate for the second source either bacauss <hs srigin
plisr is unwilling to hYalp ths compeotiiar 2o =he ta

o
is firm-specific. As a zesult, =he iavis=aaat COS% vay b2

Qctobez 27, 1983 Chaozszy 2
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PAGE 2.12
underestimated becausa the second sourcs may 2ncountar dif-
ficulty with the TDP and ask for additional compansation at

R e a later date. Costs such as these ara mainly a result of
3 inadequate planning rather tham a tangibla it2m sne aust ]
dsal with bsfore a second-sourcing dacision is mads.

2.2.3 Bstimsating Second Source Start-Up Casts .
» The cost of introducing a second sourca tands ¢to be Cathar
situation sp=scific, bacause it consists 2f a wide varis«y of
X cost items vhich require gstination on an it2m by itzm ba-
j‘ sis. This may b2 one >f the major reasons way prior sampirci-
o cal studies have most often looked at th2 Jross savings froa
., coapetition, even though analysts are aware of ths nead =0
. consider this one~time frcnt-end cost.

Befora we procezd to discuss the as:ima*ion methods for
individual start-up cost items, a distinction skould bz made
E between the cost t> b2 borne by the goveramea: and tas cos:
o incurred by the coatractor. The former is an invsstaen* of
governmant funds vhich, as menticrced earlier, zust b2 justi-
fied with a 10% return. The latter will be reflec=2d in tha
price cf the contractor's product and, *her2fore, shauld bz
considered when 2stimating th2 second s>urcat's prics propo-
s sal. The effect on future price depends o2a +hs magni<ude as
>, v21ll as «he perzcaived productior yuantitias over whica +thay
N ars to b2 aascrtizel. Myers, ot al. [1982], suggest that %h2
proper treatnent of noarecurring costs borne by *a= ccntrac-

-

=0T is to conopute the astimat2d unit nonracuzzing cIst3 us-

. -
e

(i

ing a capital tecavary factor applicabla <o =he 1la2ag=i of
she contzac* and 1 “prevailiag® intarsest rCate, buz a m

"

>

PSS

realistic and theoratically praferable zziz2ricn wauld b2 =9
us3 *he conzraceor's cost of capirtal. ‘

et

A
¢il)l astaampt to =arn, a*t the asinisgm, cth2 averaifs ri=: of
turn experienced by the fira. Thersifora, ¢
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«h2 ONJ in=3Test rit: gr thy contoacwdr's averags ciwe of
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As “o the pcrtion of <the s2cond-sours2 stactt-u S2935%s =0
ba borne by the goverameat, w2 will exaamine each cost
sgory individually. logistics costs--Ths second source will
most likaly prcdrece

2.2, 3.1 Cost of Technology Transfer

As mentioned carlisr, costs in this genaral catagory includa
{2) ths TDP, (b) data righets, (c) contracted technical as-
sistance by <he origimal scurce, and (d) +h: Govsernment's
in-house technical assistance. The coaplaxity of =h: w2apca
systea Adetermines tha size of this <cat=2gory of starc<-up
co3tsS. The Zirst three repra2sant paymeats by whe gcv=arnaen<
¢2 <he original developer/producer and arce usually a2geotiaz-
ed with ®*he ccntractor. Ther=fore, the 2stima<ad costs hava
t3 com? from the nagotiator rather than frus a ms<hzmatzical
2quation [Daly, =t al., 1979]). The prics of giviag up a
propristary data position (the original producer's quasi-
monogclistic pesition) is included at this stage, aad is
difficul: to astimate pricr to nego<tiation. McKiz maintairs
that the upper liwmit should be the lower 2f ¢wo cos*s to th2
puver { 1966]: {a} the cost of reverse 2c3ineariag, 221é (b)
the cost of developing al*ernazive 3J2sizas.

As to the Governsent's in-house <3chaical assistancs “o
<hs second source, one 2ay irgue thai, ualass the cost is
iacremental to the Goverazens, 1% repres20ts a 3unk cosrt
and is irrelavant %o the invastaern+t la2cision. Howsvsrg, ia-
ssauch a5 the the use 5§ in-house %2chnical szaff represents
the us: of goveraaentil resources, *hare 135 an oJppoctunir
cast inwelved. Tharafers, it s 5ider2? an ia-
vestaext, and a reasonable cetura is @

d

bla on a casa-by-case basis.

2.2.3.2 Spacial Tooling, Test, Production 3qui
This i3 often <he largese siagle elsasac 28 Lnvw

raguir:d to istablish 2 sacond soeurca. Tud ways 3% zstia

o

iag =hy =ccling and tast dquigsmar COst Adve bEIn 3uFyizwad.

Jceoter 27, 1483 Shapgzsz 2
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The first sethod is to tase the estima*s on th> original
producarc's cosrt. The IDA 79 study citad tha ocyinion of a
cost analyst that ¢tha cost of special tooling aad <est
aguipment is about 80% of the 2aaount incuzced by +ha crigi-
nal source, but available data d0 not allow gsnaralization
of *his estimate [Daly, et al., 1979]. Howavar, it is prob-
ably sat2 to say that the cost to facilitats -ha second

e source should be lass than for the original sourcsz. To de-
.2} tarnine a more specific cumber, however, <Cequires that an-
X other issue first be resclved: at whae laval should the

sacond source be facilitized? Results of intesrviaws with
progran managers and contractor personn2l indicart:s %“hat th=2
L original source's producticn capacity t=pds o be far in 2x-
. c2s5s of actual needs [Carrick, 1982]. A sacond sourzce, if
. datarmined to be desirable, is most likaly to b3z sized %o
QQ some production rats swmaller than <*h3 original sourc=a.

X% Therefora, if production capacity is a juestion, sas*tima*ing
,;QE «0o0ling and test equipaent cost must taka ints considera*ion
; both the coaplexity of the systam and thas production capaci-
a ty.

:é Th2 s2coni method calls far using "cost as%ima<ting rela-
E; ionships" (CERs), which rslat: the cost of tooling and tes:

ajuipaent to the producsion rate and hardware costs. Hazd-
. vace cos= is interprated as a proxy of a @measur2 of systaa
. complaxi<y. The JERs developed by <h: Naval ¥eapon Can%zac
; ir2 as follovs (Beltramo axd Jordar, 1932):

1.13 0,44
0.0131cC &

tocling and tes* 2quipaams

)

- T
. dhere: T

AST

[¢]

(g)
ti

. = cusulative average recurring hardeace
4 cost for 1,000 uni=s, and

R = aonthly productiou rava,

1
E ———J
=8
- et i it - M- ctpats S T s

g The estiaae2 provided by this formyly dould bs vacy rou
;j 3 coursy, but it represencts & dallpark gigurs which =he 3c-
3 jeiszic @rS may raviss acgcerdiag to 307 spicific in-

foraula woull 2lso b 3s09ect =9 Iucmhar pa-

. as acte da<a beccze sviiladbls 757 aaslysis.
55 dctober 27, 1963 Chapt:r 2
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PAGE 2,15
2ea.led Bxtra Cost of Bducational Buys
Bducational buys are normally requi-2d £>r “he second sourcs
*0o becoame a ccumpetitive sugpliasr. Tha cost to th2 Govara-
aant may pot be linitad to the higher production cost »f thsz
sacond source baefora it becomes competitivs. Because of the
raduced buy from the first source, th2 Governament may also
pay a higher price %o the first source. WNote that uaz=il the
second sourc= Lkecoa® coapetitivs, tha Sirst sourca has no
t2aso0a to rcduce the price to me2~ compatition. Th= extra
costs due to the nead to award educatisnil buys @iy be rap-
rasented by the A°‘_ference betvween <the total price of hard-
wars paid by the government ¢o both sourc2s until ccape<i-
tive bidding is held, and the total pric2 that would havs
bean paid had the irst source =ceomained <he sols sourcs.
There are three unkaown variablas involvad ia this coaputa-
tion: the first soarce's price reduction curve, ths produc-
tion-rate/cost curve of the second sourca, 2and the size of
aducational buys. The first tvo will b2 discussed ia grzas-
ar datail later ip this chapter. The Juant. -y of lsarning
buys wvwill te discussed now.
The sacoad scurce aust require only 3 fraction of *h:

)

volume produced by <h2 original source td rv2ach price par
i€ it is to becom2 a viable coapetitor. The IDA 79 s<t dy

-.(,

c2ports the 2xperience of four aissile syszaas regarding tha
size of educational buys, as showrn ia labdle 2.1 [Ddaly, s
al., 1979).

Bascd on thase da%a, and input fros prograam offi
sonnsl, wve may say that a percencage ratio in ehe higa

0
D
‘0
o
(4]
] i)

[ G Y ]
[ B =1
-
[2]]

<
4,;

@ay be on thi consarvative side. A fev s3zond sources
hacose compecitive right ae the ouiss%t, bur =h3 possibilisy
of having an instantly compesitive sess3ail  source aust  bhe
considsred an excep*iog cvather shaz =hoe sula. Howovar, LiF¥
the acyulsiticr manager has advancs knowl:igs 9f such a pez-
Sibiliey, thare is 20 reasen why price sswizazion shauld no:
~3ke advantage ¢f this iafermpaticn

Qceobker 27, 1941
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s

TABLE 2.1
Cost Parity Quantities for Pour Missiles

Cumulative Production

Systaa Firse« Sacond Ratio
Bullpup 37,032 4,438 12%
Shillelagh 17,945 4,960 28%
TOW 11,1838 2,585 2u%
Sparrow 4,313 1,255 29%
Avaragea 23%

2.2.3.4 Adainistrative Costs to the Goveramnet

Althcugh acquisition mapagers ire generally aware %-hat addi-
tional adainistrative costs are inevitable when a second
contractor is brought iatc the program, the vast aajerity of
smpirical works dealing with thea costs and benefi%s of coa-
ps*ition ignore these costs. There arz2 at least +<vo axpla-
niations for the omission. Pirst, costs in this categery ara
10% reported <ceparatsly by tha Governmznt and, <h2z=zfore,
ire not 2asily identifible for analysis, Second, some ad-
ministrative costs are incremsntal in nature while others
ar=s opgortunity co©osts; an accurata account of cpportunity
C9stsS raquiras a detailed analysis which, din all fairness,
the analyst @ay ndt ke in tha best position to parform un-
19ss he or she is an especially knowlsijszable member of ths
program office.

Bstimating the additional administractivs costs caa proba-
bly best be done on a case-by-case, item-by-itsnm basis. Ia
viav of the fact that a significant proportion of th2 costs
in *this category represents personnel, parhaps it is wise vo
dsfine clearly <ths ipcreaental adeministrative cost. Soms
cost items, suck 3s testing and qualifica<ion of “h2 second
source's outpu%, are incremen*al, or ouz-5f-pocks=t, Und=sr a
straightforvard definition of incremental cost, :the cost of
usiag in-house gp=arsonnel rspres3nts th2 us: of existiag s~

octok=r 27, 1583 Chaptar 2



M e A e r Y
™ A, ey A,
- DAL

5 .
e v
L E T

¥
2 i N L, ~
I L S DR

At
e .
K3 [ :A a' .J .f .l '5
[ N e . B Vi

!‘x;‘?-!:l"':f;.‘; o

2%a

PAGE 2.17
sources, It may therefore be considerad 2 sunk ccsz:. On
th2 cther hand, if the wuse of in-hous2 parsonnel prescludas
their availability for other programs, thare is an oppcrtu-
nity cost and thera2fore it should be tr2ated as an iacremen-
tal cost. One smust keep this differ=2ncs in mind in 2stima+-
ing the additicnal administrative <c3st¢ that wmight be
required.

There is general agreesent on the ite2ms to be included in
the category of administrative costs. Thay ars:

1. preparation of sclicitation (aFp),

2. additiomal proposal costs,

3. additicnal costs of svaluating th2 price prcpo- |
sal bty the second sourcs,

4., testing and gqualification of the second
source's first unit,

5. additicnmal perscniel to coordinate the chiages
affectingy the tvwc suppliers,

6., extra testing and verification of delivered
produc+%, and

7. other miscellaneous additional <costs such as
negctiation and preparation 2f the additicnal
contract, additional audit, pra-award survey,
and precduction readiness ravizws.

some of these costs are one-time costs whils others are ra-
curring. As merntioned earlier, costs in tals category havs

‘b2en omitted in prior quantitative scudiss. Theraforas,

thare 1s no indication as to the magnituds »f these costs.

2.2.3.5 Logistics Costs

None of the zsmpirical studies reviawsd considsred the sxio
c2st that may have to be incurred if <hs products suppli=d
by different sourcas are not identical. Logistics costs in-
clude the costs of maintaining two sz=:ts of sparz parts if
«hay are differen<t, the cost of having differsnt repair fa-
cilities and technical personnel, and r:latad support costs.

Oc<atker 27, 1683 Chapter 2
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PAGE 2.18
The costs of these items are probably impossible o estimate
with precision before the second =sourcz is selzctsd. Evan
once the second source is selected, estimating the logistics
cost pmay be difficult, as it depends on just how different
the end products will beccre. Neverthaless, <ths 2xtra lo-
gistics costs are= very real and may b= significant. When
making a decision on second socurcing, som2 provision for it,
no matter how rough, is essential.

2.3 SECOND-SOURCE FIRST-PIECE PEICE

When a secend source is to b2 introducad during <hs produc~-
tion phase, two impor*ant questions arisa. First, what will
the "first unit priceY be for the second source? Secend,
how steep will the second source‘®s prics-raduction curve b=?
These two questions are important as th2ay affect fthe quanti-
ty of educaticnal buys which must be awardad +o the second
source bafore the second source can bessme truly price con-
patitive. Answaers to these gqunstions ars also =2sszntial
vhen estimating the potential for savings in recurrizg costs
once the ccmpetition starts. In this saction, wa will con-
cantrat2 on the second source!s first-unit prica. The slope
of the price-reduction curve will bs aiirsssed in the next
saction.

2.3.1 Pactors Contributing to Pirst-pisce Price
It is common for the second source t> hava
2

a lower first
varal factors may

unit price than ths initial source d4id. S
contribute to this difference.

First, the initial producibility problems may havs been
solved by the original source and the TDP 2nables the second
source to avoid the same probleas, at least partially.
Also, the second source has the advantigs of usiag subcon-
tractors developed by the first sourcs, and ben:fits from
thair learning. Third, the sescond sourc2 is likely to hava
a more realistic axpectatior of tha total quantity, and
therefere more accurate knowledge of <he laval of facili%a-
tion raquirsd for efficient praduction. Othzar factors in-

October 27, 1983 Chaptar 2
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PAGE 2.19
clude more stabilized product design, tzchnological advaac-
2s, and the competitive pressure inharsnt in having two

sources.

2.3.2 Estimating Pirst-Piece Price
Although the impact of the above mentioned factors orn the

second sourcet's first unit price cannot be measured dirsct-
ly, surrogate measures have bzen attemptsd by ssveral ana-
lysts. In the ICA 79 study, Daly, =t al. [1979] assume that
the second source is able to start production at a prics
equal to the second unit produced by ths original sourcse.
This assumption, of course, 1is based on ths view that soms
of the original sourcsts learning (from producing tha firs+t
unit) is transferrad to the second sourca.

The IDA 74 s<udy considers both thz learning slope and
the cumulative production quantity of the original source in
t+tempting to predict the second sourc2's first unit pricz
[Zus»an, et al., 19747, Based on a fsw s2lcected progranms,
an egquaticn fer th2 second source's first-piscs price is da-
rived. However, the model is not suffizizntly general to b=z
useful to the practitioner. Unla2ss all +the vozocvatioas
used to derive a specific equation arc of homogensous unics
of product, and are the same as for <he intended applica-
tion, the result will be misleading.,

The impact of nonhomogensous units of product on the . 2c-
ond sourcet!s first unit price is shown by Cox and Gaasl-er
(1981]. For very complex systeams, such as a guided missils
frigate, the price of the first piece produc=d by ths second
source exceeded +hat of the initial scurca by approximatzly
9% . For the five tactical missiles =xamined, the firs+
piece price from the sacond source was, on the average, 25%
lass than the first unit price of th2 original sourcs. For
alectronic subsystems and components, thz second source won
ths competition without lsarning gquantitias or educational
buys in the majcrity of cases, implyin

g that the sszconi
source bhecama competitive right at cthe besginni

ing of produc-

~ion phase,

October 27, 1983 Chap*tsr



PAGE 2.20
2.4 EPPECTS OF COMPETITION OF LEABNING RATES AND PRICES
As menticned above, the ability to estimate the 2ffects of
compatition on price reduction rates is 2ssential in deter-
mining the guantity of educational buys and the amount of
potential savings in recurring unit cost. It is generally
expected that +the unit price of products will drop under
competitive pressure. The size of the 2xpacted savi -~ may
be a function cf three factors:

1. a one-time, protably immediats, reduc=isn in
unit price when coampetition b23yins--the so-
called "shift,®

2. a continuous, or sustainad rc2duction in price
because of a steeper pricz-raduction curvse
{"rctati>a™), and

3. a change in unit production costs because of

th2 reduced production rate.
i

[ -

The impact of production rates has been discussed 2arlier.
In this sectiocn, we will address the issus of estimating the
shift and rotation of price-reduction curvss when coampeti-
“ion is introduced.

2.4.1 Empirical st .QLQ.S: of "shift"
A one-time raduction in unit price aftar competition is ian-

trcducsd may Le “he result of two factors. The contractor
may shift to lower cost inputs, or he may adopt more 2ffi-
<.2nt producticn tachnology. If cost raduction is ast pos-
sible, there may be a1 reducrion in prayfice. This dowvnwazd
wshift" in price is widely observed. Howzvar, no zeseacchsr
has ever been abls to pinpoint whethsr ths “shii<® is ths
2sult of profit reducticn or production cost <tsduction.
Myers, 2t al. amphasize the need <£or +his Jdistinc=ion
[1982].

This raisas anothsr issue. Could 2£fforts =0 maximize
sivings in a progrva reducs a contractert's proafit <2 1 peiae
such that +h2 DoD markat bscomes so unansriceive a3 to ef-
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PAGE 2.21
fectively drive cff suppliers? The prefitability issue will
be deferred until later in this —respors. Por now, we will
concentrate on the reduction in unic price, ragardlesss of
the source of the raducticn.

A rather dramatic duwnward shift in pricz was c3:por+=ad by
Yuspeh [1976], and in the 1972 Army Blect:oonics Coamand
study [U.S. Army, 1972]. Thase studiss, however, share a
common s2thosoclogical flaw. The las<t 35lz-sourcs prics was
compared dirszctly with the competisiv2 prics to calcula<«e
«he raduction in price, without consiiaring <ha 2fZ=zc* of
l2arning. The IDA 74 study also attributas a significant

N
R4

P

amount of savings (37%) <o competizisn [Zusaan, il.,
1974 1. Howzver, alwmost all of <th2 subjzct items wsre sub-
nit+ed in *h2 fcrmally advertized IPB styl2 of coampssiting
wi+h more than two bidders., Thsrefore, th2 findings ar2 no=
particularcly relevant to program manaigess i1 chargs of dual
sourcing advanced weapon systems.

Results from the APRO 78 and 79 s=udias dasscvs closar
2xamination { Lovett and Nortoso, 19743; 3ranzon, s 1l.,
1379 1. The AERO 78 study looked a* 16 itams with uni= val-
ues ranging from l2ss than $1,000 +o cvar 550,000 and fcuni
an avsrage pcice rzduction of 13.7%. A T2grs£ssisn zqua+tioa
wvas conscructed from the data which iadicat2s tha+t <he acnu-
al unit price (AU?) of competitive procur:men%s can b3
ordicted wich the following:

Log (AUP) = 0.967118 Log (PUP) - J. 226109 Log (R0Q)
vhere: AUP? = actual competizive uni=: price,
PUP = projecred unit prics: 2a tha
§0l2-3curca pciés r2ducticn cucovs,
FOQ = ratio ¢f quantity procurad af=wag
conpe;xtxgn o cdedl FIograa
guantity.

archezs tand = Ta€? a2 POs
1 ¢i11l be =ho sam: a5 55l source slope,
zzduceion in price aust be iatsrprsesd is lu2 =0

jowguwacsd H"sn_ fe.v

7, 1943 Ihapmiz 2
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A word of caution is in order befors sne atteapts %o usse
this equation to estimate compstitive savings. 4ost of the
subject items in the study wer2 relativaly unsophisticated,
and virtually all wvaere competed cn winnar-take-all or buy-
out basis.

Using ess=ntially the saas methodology as APRO 78, ths
APRO 79 study examined four systems wi*h a3 total ~f 22 nul-
tiple-source and winnar-take-all acquisitioas. The average
raduction in unit price for t*the 22 acquisitiorns was 7.13%,
indicating that the "shift" in multipi2 source award situ-
ations may not be as pronounced as with winner-tak:-all com-
petition.

The magnitude of downward “shift® =csported by TASC re-
searchers avaraged around 10% [Cox and 5apsler, 1981; Kratz,
at al., not dated].

2.4.2 PEmpirical Studies of "Rotation®™
Along with the one-time reduction in unit price, this pot*ten-
tial source of ccapetitive savings constitutes tha main ob-
jactive of most eapirical works attempting o estimate the
impact of price ccapetition in defens? procur=ment. Unfor-
tunately, the results are controversial.

Analysts' viows on the rotation of prica-reductiox curves
may be classified into two groups: (2) *hose who 2xpect
that the sole source slope will be -ess2an%ially ucchanged,
i3.; th2 =same curve will apply <=9 bo=h sourcas, and {2)
those vho believe that the post-compezizion slopz will be
steoper than the pre-coampetition slopa.

APRO researchers tand *to assuae that 1any impac: of compe-
tition on th2 prica-roduction rata should b3 negligibla. As
a resule, they ox+trapclat: the orijinal sols source's
price-raduction ratas to compstitiva procur2ment sizuations.
The AP30 78 aand 79 studies {Lcvet< and Nozwon, 1974; Bran-
non, ez al., 1979), and APRO's analysis o5f th: IDA 79 study
(Acvis, 1980] clearly «<cetflsc:t <his viav, Sai%h nd Lowe
{1982), also APRO res2acchers, fonxd ia th2ir study =has th?
csmpetitive price-raducticn ratas <32nd =2 b2 st2wep=r (bus

Oc+ober 27, 1983 Chiptar 2
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not significanty so in a statistical sense), but that there
is 1no «corralation betwesn competitive and scle source
price-reduction curve slopes. Othesr analysas following this
assumprion irclude Army Missile Command's analysis of MRLS
sacond-sourcing decision {U.S. Army, 1980] and Scisnce Ap-
plications Inc.'s study of AIAAM second sourcing decisions
(Beltramo and Jordan, 1982].

The IDA 79's atteapt tc devalop a savings prediction mod-
el diffsred significantly from other comprehansiv2 zmpirical
studies [Daly, et al., 19791 The attempt was *> predict
the slop2 of the price-reduction curve, on the basis of a
linear ragression, from ths slope of the known sols~-sourcs
price-reduction curve, Howevar, the results show tha two
slopes to be uncorrelated. This left :he rassarchers having
to use the m2an of the competitive slopas to predict tha ef-
fect of competition on price-reduction ratss. The average
competitive slope found by Daly, et al., is 75%. If ws uss
a "typical" sole-sourcs slope of 87% (an average of those
found by APRO 78, IDA 79, and Kra*z, et al.), w2 may infer
that *he average rotation of slopz of the prica-r=duction
curve after corpetition is introducaed is approximatazly 12%.
Ons should k2ep in aind, howevar, *that the itams 23xaminaed in
these studies are mostly simpls, unsophisticated systems or
electronic items.

Cox and Gansler's analysis [1981] suggests a r:lationship
betweern *he complexity of a system and tha rotazion of the
price Iaprovaamant curve £ a second source. I- was found
that the slope of the second source was approximatzly 4%
steeper than that 5f th2 first scurce for the guid=d aissile
frigate and S% for tactical aissilss. Their da<a did not
paroi+ computation of price-reduction curve param2tzzrs for
electronic i%enms.

2.4.3 Are shift and Rotation Predictable?

As mentioned earlier, th2 ccration and shift of price-reduc-
tion curves have been the most consrovsrsial <Issues in the
anslys.s of compatitive savings. Nonz of the s<udiss re-

October 27, 1983 Chapter 2




PAGE 2.24
vievwed above wvas able to develop a reliable przdic<iv: model
to determinas the magnitude of shift and rotation of the
price reduction curve for individual procurzments. Although
Cox and Gansler were able to suggest a diff2rent impact of
competition amcng items of different complaxity, their find-

'§fj ings far from constitute a predictive modzl. Using th=2

e ' means of slopes to predict gross competictiva savings has .
o many weaknesses.

S

P The IDA 79 researchers real*zed the furility of their at-

tempt and stated:

o The reduction in unit price  is th: mos% difficul*
i component to forecast. It is in fact likely that
5l : Do _precise and stable predjctive relazionshlp ex~

- ists; thers are so wmany dlmenalona o0 variatiors
- surroundlng €each procurement (2. _technology,
N market ccnditions)  that =ach syst=n ls o a cIn-

siderable extant unique.

N Exferience with gﬁ&VlOﬂS systems ravaals copsider-
e variation the rsilized gross savings_in

;i{ g% ? prices after competition [Daly, =2t al., 1979:

5%: To illustrate the sensitivity %o various assumptions of the
:5&1 astimated savings attributed t5 the introduction of compecti-
'tk +ion, Daly, et al., developed stylized :xamples in Appendix

53 P of their raport.
ﬁﬁj SAI arpalysts raised an issus which has rot been addrassszd
f?i in prior empirical works. The issue relates to pricing
;.gf strategies available to centractors. Onc: the Govsrnmen-«

raveals its intent to compete a syst2:m, the sole-source con-
tractor may respond to the impandiag cdapsati<ion by raising
its price so as t> maximize profit while it «can (B2l%ramo
and Jordan, 1982]. Under this circumstincs, sstiamating *hs

N sconomic effacts of compstition aost likely will ovars-tata

igf the size of any available savings. This is zhs pradic=abla
%5 tesult if the sole source contrac=or execcisas such gaaing
;55 strategy, which is a distinct possibiliry.

%ﬁ; 2.4.4 "Optimal® Learning Curves

:ﬁi TASC r2searchers developed an "optimal lsarning cutve,% or
_;ﬂ "hest competitive curve," vhich is a coatinucus price ia-
!; provement curve beginning with the noncompsatitive first unie

rice and achieving pari<ty with th2 list coapezitive unit

it
e “ Y ..- *

s
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PAGE 2.25
price [Cox and Gansler, 1981; Kratz, 2t al., not datad]. It
represants what "might have bsen®™ had the original producsar
been undsr ccntinuous competitive pressura from the sutset.
They state that th= differsnce betw22n the sola-sourcs
price-reducticn curve and this "optimum® curve is *he pessi-
bla savings frca introducing competition.

While the TASC researchers' hypothesis sesms correct in
theory, it ignores some of the reality of procuring advanced
¥2apon systenms. A neacessary assumption for <this "optimua"
curve <o be realistic is that the twWwo sources ar= competi-
tive at the outset--which 1s rather 1aliksly unlass both
Sourca2s are 2qual partners at the systeas da2velopment stags,
and neither nas an edge over the other in production =xperi-
ence. In aimost all competitions, the davelover has a
built-in advantage over other sources. Indead, <his is the
r2ason for having learning buys before split award csmpeti-
ticn is held. Until the original sours2 psrcaeives -hat tha
sscond sourc: is economically ready to compete, h2 still =2n-
joys an advantageous posi%ion.

2.4.5 Pricing Strateqy Effects

¥e may categorize an original source's pricing stratagy us-
ing three different scenerios (se2 Figurs 2.4). First, the2
contractcr may try to msake a constant pesccantag:s of prcfit
by pricing *he it23 according to his *"tguz* cost fuaction,
as depic+ed by the line LCV,

3u% if the Government has not dacided whether <o coampet2
th? system, he may 2lact the “pene<wratioa pricing® s=ratz=gy.
This swrategy calls f~r purposely pricing =hs i-:ams low a
the ou=set ¢¢ hold a+ b~ possible comparizors wuy=azil i
too lat2 for & ccmpetitor w0 satsr the garkes; thaz he ca
revers: the pricing strategy and 22joy th2 benefi=s of hi
sole source posision. LC2 dapices this scanario, waich &
essantially <bhs saaze as the sacoud-sourca s=raz:izy widely
known in def:nse pracures:znt circles as a “"buy-ia.™

finally, the contracter m:y have aaticipa=zed zaaz ¢
Govaraaent will compete the systea, o3¢ whazaver C2ason.

Ocwober 27, 1583 Shapwsr 2
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Pigure 2.4: Different Priciny Strategies

Under this circusstance, a likely pricing strategy is “skia-
aing," in which %ha ccntractor sets a high initial price <o
maxinmizs proflit, progressively iovering =ha prica wvheén nec-
zssary to lead ccapetitor as long as he can. This is simi-
lar to the behavior hypothesized by the SAI ras=acchers.

To illustrate, 13t us assume that a s2cond source has
been selected by the Goverament, and that <he £irst upis
pricea is lower *han was <u2 first soucsat's, byt .hat the

s2acond source is not iasa2diatsly coapetitive. L3t us fur-
ther assume that the seccnd source's prica rcadyction curve
is slightly steaper than <he first sourca's, as shown by
LCN. The first source's pricing path 2a
LC3, wvhich is characterized by a sari:s of downward shifes

@ lias clos2 to ta2

c
¥ 0¢ a5 da3wpicted oy

(or rozations, o©r both) =il che lia
CIStT curve.

0f cours?2, defeanse contractors 4o not have uniiaiesd
pricing flexibility. The Dafanse Contract Audit Agezcy and
*aa Dafecse Acquisition Ragulavions impose sces restrictioas
on tha contraceor's pricing flaxibiliey. However, thare acs
sone legitisate accouyntionyg liberties wha<= Can sigzificanptly

Qceober 27, 1983 Chapter 2
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PAGE 2.27
change the "cost™ >f an itea at any priat in its production
life without defying the resgulations. (Sea Chaptasr 4.)

2.5 QTHER CONSIDERAIIORS
Th2 decision *o ipntroduce a sscond sours2 £or a major weapnon
system requires a prospactive evaluation of <he financial
consequences as vell as a wvide variety of oth:r factors
which, by nature, do not e2asily lznd thenselves <o quant+i-
fied analysis. The rich literaturs on competition in DoD
procuramant covers a wide spectrum of factors and variables
©3 be considered by the decision makar. In this s=ction, we

will discuss scmae 3f the more saliznt issuss.

2.5.1 Barriers to Competition

Despits the general belief that price zoumpatition of+en rz-
sults in savings, and the formal comaitm=21% by DoD *“o us2
this procurement tachnique whenever it 1is possibi=z, only a
rz=latively minor fraction of its procursasn: dollacs ar2 ex-
pended under coampetitive conditions. Thar=2 ar: iastication-
al factors as well as industry characteristics which inhibi«
<h=2 use of ccmpetition.

2.5. 1.1 Institional Barriers
Archibald, 2% al., conducted a series of ianz=3rvieys wi=h Dod
people iavolved i3 d3:signiag and carrying ouw acjuisi«ian

strategy in their prograam c¢ffica2s [1981). Th: las<izu=ional
barriers to competition, as pzrczived by s3alor orograas ace
quisition pecscanel, =ay be summarized uadac <hres hzadings:

1. Aadditicnmal *ime and s0on:y neelsd
2. Extra management coaplexity and efiorz r=aguired
3, Lack of clear opsar-%2rw benafits ind incanzives

[~ )
i
|
1
!

The aagnicude of fuadiag ne2sded for intooaduciag 3 conmpsn-
i<ive sacond source t2ads =0 ba large Eor alvancad wveapae:z
SY 3T ea3. dhsn  subs=aatial 2so0oun*s Of adn2y azs ilavolws

Ceiam .
-caTle b )

¥
=hz Dcb :nd Coagr2ass sust D& 2013 2 w3 cSompe

"

Qceober 27, 1943 Chapwmer 2



A

PN 2l

,
I
ot S e

-

(S
o
P
P

) "
1"‘#

]

i
* e
T

Ehulih
»

-

PAGE 2.28
fact, ¢the raquired front-end funding aay oe 50 significant
that it may be necessary *to compete with another prograa's
vary survival in order tc obtain the n2cessary funding.
Congress tends to dislike programs with heavy front-end
cost. Money for competitiva development prograams tends %o
be a prime target during a budgat sque2za.

Compatition also tends to slow a pragram down bacause of
“h2 time involved in sourca selaction, tasting and - 1lifi-
cation of a secoud sourcs. This may be 31 disincantiva to
competition because thare is usually a stsong desirs %o de-
ploy the system as rapidly as possible. Ia addi<ioa, thers
is a risk that the cost may risa, rather than fall, 3s a ra-
sult of compatition.

The extra manigaament effort stzms fIom two sources.
Pircst, if a competition is t5 b2 tzneficial, considerables
plannirg fcr the coapetitive steps 1is anecassary, vwhich in-
cludes the raquest for proposal (RFP) 2and the usual couwpli-
cations aad preczations that go with ic. Acquiring a good
TDP is alzoy difficult and expansive. If ia-Louse capability
to deovslop a TOP is not available, 3Jjudging i+s adequacy is
also difficul*.

Program msanagers hLave also expressed concsrn <ha< poli-
ciss which put t¢cc much pra2ssuce on contrastors may -un the
cisk of driving oane of the contracrors sut of tha progranm,
lzaving the old ssle-source 2nvicongent afz2r all <he work
and expense of qualifying che s=2cond contractor. This con-
csrn s<aas %o reflect a view ¢that defans2 business may be
lass attractive %o contrac<=ors than coasercial businass. da
will pressnt aevidence to support this view in a la%er chap-
tIr.

Pinally, apaczt fros exhortations in policy documanzs and
th= “conventional wisdoa® tha- ceapetitisa 13 a g3ond pra-
curement <echnigue, there are few real iacaatives oz in<ro-
ducing zoepa=ition. Tha costs 2% compszition are shor=-tera

2 iz

n
and clzar, while the nenefits ars loay-cize 1
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Givan a typical *enure of thr=2s years, a program manaj2t is
unlikely to »z arocund to receive the craiit for any bsnefiss
that finally materialize.

2.5.1.2 Industry Barriers

The (domestic) defense market is composad of a singles buyer
and a fev rpotential suppliers. Particu.arly in <h2 casz of
major veapon systess, attemp*s tc bring coamp:ztition in%o a
program may te hampersd by =ntry bartiscs axistiag in the
isdustry. Most discussions of industry barcisrs have bhean
an2cdotal in natura. Our litsratuc2 c3avisw did ¢t uncover
any syst2matic study attempting to analyz2 how bacrizrcs al-
fact the Govaernment's attempt tO us2 price competi=ion,

w

Bntry barviers have been found in som2 studies <3 be r3-
lated to the prefitability of dafarnss work. The profitabii-
ity issue bas been tha subject of at least two compr2hensive
research projects [ Genmeral Accounting 0ffice, 19093; 2rofis
Study Group, 1976}

We f2o21 a more ralevant cSontemporary gquastion is whethar
industry perceives defense businsss to b2 mor2 o7 loss a=-
tractive than ccumercial business. In th2 tinal agalysis,
it is +*he nunmber af firms a<cractad %> the defansz marke=
that will determine the vigor of iny compe+itioay which might
be achi2ved through dual sourcing, o by any o-har nmeans.
Gansler, for example, cited zne instanc? in waich rhe 1974
Congressional action doubling tank ordsrcs Tan i2-=5 =rouble
becauses <he only gualified supplisr of staeel
ased to supoly thea when he found comasccial b
fared 2 nore profitable use ¢f his facilisiss

There s¢eas also to be coamcn coaplaiae
attitude amoag soame defense buyers. T2 un:
titude, sne oust exaasipe the relationship b
costs, profivs ard prices in =he d-fens: Du
al., .2*ntain that while the lack 2
A possibilicy cf very high raet3s cf raw
part cr all of =his potentia. re=uin .3 1030T0ed oy lazTjaT

than pscyssarzy coses [1979].
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Why acte defense contractoers "not mada to be =fficiant?
The simple =existence of 1inefficiency 122s not assurce the
Government that competiticn will eliminats it. Ganslzar says
that the defense industry is in reality regulat=d, and that
dstwiled govarnment intervention is grossly inefficient and
frequently s=lf-defeating [1980].

A pure, free market economy does not and probably can act
exist in this environment e¢f a single buysr and a small num-
ber of suppliers. Sallers observed, for =2xample, “hat un-
nsed plant capacity was particularly high among £irms with a
high govarnment/low commercial mix [1979]. The nez2d for am-
ple capacity may parx*ly be attributad tc the amdunt of ca-
pacity required to "win the contract,* and partly to tha
n2ed for "sutge" capacity. Idls capacity, however, discour-
ages invastors anéd lenders; making it difficult for a firm
%0 obtain financing. UOnused capacity also inflatas the cost
of existionq defense work, adding to ths price the Govsrnmant
must pay. Therefors, while the proficabili«y of defenss
vork say net be high, the price paid by <=he Govarament is
not necessarily low.

As one would expect, a contractor &o2s not welcecme comps-
tition. If the coaperation of the first sourcs is n2sdad *o
bring a second scurce oa hcard, it is rather unlik=ly that
the firs*+ source will give full support. Reports of inade-
quate TDP's are frequent. the consequan<T2s ar2 potential
claias by the second source for deficiesncies in th=2 IDP, and
a delay in achieving cost parity by the s2cond sourcs. The
cuntractor t<aming approach used in the Joint Cruiss Missilse
Prograw may c-emove this tarrier by not cresating a aonopoly
s3ituation during the dsvelcpment phase.

2.5.2 Threat of Ceapetition
Next to actual introducticn of a second sourc2, *he threa*

of coape+ition may be the Dest strat2gy <thae Govirnment ha

tn

availabls for controlling the prices of a sol2 source sup-
plier [Bel%ramc and Jordan, 1982 1. Thsr v
sven in cases waers the second sourcs navarc suce

~Ctober 27, 1943 Chap%s:r 2
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PAGE 2.31
ducing a usuable product, the pressure of potential competi-
£ion on the first contractor still amakas the sffort worth-
while [Baumbusch, 1977]. However, a threat of compesctition
vill be most e2ffective only whan certain conditions ar:z me<.
First, the Goveranment must clearly own th2 data rights need-
2d for technology transfer. Second, tachnologically capable
suppliers must have sufficient «capacity to be willing to
competa,

One should note that a thrsat will not be effzctive for
th2 entire l=2ngth of a system's preodnctiosn phase. Ihe r
son is that once production is so far 3cwn ths road *hat it
would no longer be practical to introduce competition, ths
sole=-source supplisr will ignore th2 <«hr2ar and Cavsrt *o 2
sole-source pricing strategy. This scan2ric is similar in
gffact to th2 "penatration pricing® stratagy depic+ta=d by LC2
in Fiqure 2.4.

2.5.3 Qualitative Bemefits of Competition

=1

IO

Apact from generating lower recurring unit prices, th=r2 may
ba other significant btenefits froa introducing competition.
Virtually every study desaling with the issue of price mpe-
tition in DoD acquisition has discussed othsr bensfits
will simply list the more significant onss withou: addition-
al discussion:

-
. Enhanced mobilization bas2 and surge capability
2. Improved produc* quality
3. Dscreased incentiva for ontr-actor-enriching
change propnsals
4. Improved likelihood of meetiag d=2livery sched-
ul 2s
5. Mor2 aquitable acquisiticn proczssss
6. More rapid tschrnological progress
L
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2.5.4 Negative Aspects of Competition
Given *he general wisdom that price competition 1is benefi-
cial to the buyer 1nd the official commitment to =mploy ths
tachnique when possible, it is not surprising to find that
few negative aspects of competition ars discussed in the
li terature. But this does not mean they do not exist.

Apart from the need for a significant amount of front-end
investmrent, the mwmost notable disalvantages of having *wo
supplisrs are the logistic probleas and the added complexity
in ccntract ranagement. Another n=gativa factor is the fact
that the investment is short-term and cl=ar whils the pay-
back is long-tsrm and uncertain. Thasa fictors have been
addressed earlier in this chapter.

Alsc, dual sourcing necessarily divides the quantity to
b2 procured becwesn two suppliers, 3ther tkings being
equal, the 1lower lot size can increass unit cost £for two
reasons. If the contractor his excess capacity, a reduced
demand level means the fixedl costs must be born by fewer
units of output. Reduced quantity also means that the cor-
tractor will not rid:2 as far down +*he 1learning curve as
vould have been the case had he remain2d a sol=2 producer
with a larger quantity. On the ot:uer hand, if the sole
soirce producer does not have sufficient capacity (for wvhat-
ever reason) to produdce the neadad quanticy without sxpand-
ing, a reduction in t.e product ion ratsz could be benzficial
to the Government.

Under dual sourcing, the high bidder is usually awarded a
minimum sustaining quantity to wmaintaia his competicive po-
sition. This quarranted quantity creatss an oppro<uunity for
profit maximization if one or both contractors have no dz-
size to win the larger quantity. This pricing bshavior has
been observed in 2a number of dual sourzad systenms. It is
apparent that price estimation models must take into account
the diffsrent gaming strategi=s employzd by contractors un-
der different circumstances.

Finally, too much compstitive prassuczs may drive off com-
petitors, leaving the Goverament in the ssl2 sourcs :nviroa-

October 27, 1983 Chaptzr 2




DPAGE 2.33
ment again. A reduction in costs to the Governmsnt will be
possible only if the contractor is willing and abls to cut
costs or profit, or both.

2.5.5 Becessary Reguirements for Coapestition

Some basic raquireaents exist which should be met bhefore em-
barking on any second-sourcing effcrts. Some of these re-
quirements have been discussed s2arlier ia this chaptsr. In
this section we will sumaarize the gensral, noaguantitativse
conditions which are conducive to succassful prica competi-
tion [Lamm, 1978; Nelson, 1980; Myers, McClenon and Taylos,
1982 1.

First, there nust be an adcjuate product dsscription.
The product should be describable in a rigorous fashion, so
that potential suppliers can understand and comply with th2
Government's requirements. Second, thersz nz2ads to be a good
TDP. Even with the most tried and t=st2d specifications,
new sources will have some technical difficuities as a ra-
sult of diffsren* production engineering approaches. 1I* may
vary vell happen tha* newvw sources who Juota "tight" pricss
in competition will, subsequent to award, go over the speci-
fications with a sharp, bright 1light scrubbing the package
intensively in order to support deficiency claiams.

It is generally considered advisabls <o wait wunictl the
item is in production to develop the TDP in order t2 =nsursz
that the package is adequate and most production problems
have been identified and resolved. 3ut a coun*3r point
c2ised by several analysts is that competition should begin
as 2arly as possible to maximize the potantial savings, and
the chance of having a competitive second source as sarly as
possible [ Bemis and Pargher, undatzd].

Proprietacy rights to certain slemen<s of the I'DP may no-
be the only r=ascn for scle-source prosuramant, but a con-
tractor's priprietary data position dozs sometimes force taa
buyer into a sole source position [MdcKia, 1966]. Direct and
indirect cos*s of %“echanology transfer 13y be prohibi=zively
nigh if the Government does not cowd the rigants.

October 27, 1283 Chaptar 2
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Large enough quantitias must exist to maka second sourc-
ing worthwhile for both Government and sappliers. vany
items, especially advanced weapon syst2as, requir2 larga
initial start-up costs. To Jjustify this front-:nd inves+-
mant, largs quantities are necessary to r=2alize savings
through reductions in recurring unit costs.

In the case of advanced, sophisticated systeas, i+ is
mandatory that the Government havs qualifisd technical pez-
sonnel to evaluate tha TDP, assist the sacond sourcz, and
coordinate technical changes initiated by =2ithar supplier.

The Government should have availabls at least two inde-
pandent suppliers with technical compatence and resquisite
facilities who are able and willing to coampete. Problens
egperiznced by the current contractor may be of sufficient
magnitude to discourage any interest in competing. Some
contractors may have adequate knowledge to compete, but may
not be willing, dus to availability of msr= lucrative alter-
natives, Secord sourcing will not work if ssrious new
sources cannot be established and ths origina2l source is
kaenly aware of his competitors. Sufficiant lead time nmust
ba available tc meet production schedul: and deployment ra-
quirements. The tasks which £ill this lead tim2 include;
(a) source salection, (b) first articla gqualification, ()
pre-award survey, and (d) learning buy awacis.

2.6 BESEARCR METHODOLOGY

In this chapter we have reviewed wvir%tually all of th: rela-
tively recent studies undertaken to guantify the =ex<=ant <o
which savings are available frem the compatition of formerly
noncompetitive procur2aent awvards. Tha <Cesults of prisrc
studies, hovever, ire far froa conclusivs. Furtharaoc=2, in
a majority of cases, faulty m2thodelogy or darta dsficianciss
have dizinished their usefulness. In this s=ction. we will
briefly discuss *ha gamerally zacognizsd iaza 2nd methodolo-
gical deficiancies of prior ampirical worxs [ for aor d12%all
see Arvis, 1980; Acchibald, =t al., 1981].
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Data deficienci2s rasult from; (1) the need %o uss sub-
jective input when objective data are aot available, and (2)
ths ne2d to adjust, often somaewhat arbitrarily, the dacza for
consistancy. Since contract data are 0>t designad for tha
purpose of statistical analysis, a ceortain dagras of data
ad justmeat is inevitable. However, the dagrez of adjustment
has besn so =xtensive in some studies that tho usafulness cof
“heir cesults must be questionai.

The first msthodological deficiancy, found in most early
empirical studies and sonme relatively ca2cant ones, is th2
fiailura to consider the affects of learning and inflation in
computing tha savings from introducing coapz2tition. Th2
diffar=ance betwveen “h: last sole sourcsz prics and the firse
competitive price vas considered the savings actribuzabl: <o
competition. These studies typically c2porred a very largs
amount of savings £rom introducing comp2ti«ion.

The s2cond methodological d=2ficiency aay be charac=erizad
by the onmission of the tont~-2nd investaz2at costs. Som?
studies admitted that the second-source stact-up cost should

p2 considered by decision makars, but ocai=zad i< in thes sta-

3]

<istircal analysis. Other studies, howavar, 3xhor=- vths wir-
tue of price competition with ‘Mevideacas*® of procuramant
savings without 2v=n men%ioning <+hat zh=2r2 werz front-&énd
investment requirements. Although this probl:am aigh: bz a=-
tribut=d partially ¢o bias on theé pars of <%h2 rsis2archar,
thn attitude cf some progras managers may pactially be a-=
blame as well. Resuits c¢f interviews with DoD acguisitiocn
»anagers show that most of “he datarvisw2es considzsz <the
s2cond sourcing effort a succass if <haz uait price 2f <he
systea is lover than wvas projscted from an =2x+=rapnlasion of
=vhe original producer's price-reductiox cuzve, o3r if <ha
original producar low:cs i<s price af*ct compatizian [ Parcy,
1979 3. It ig difficule %c dztermine wvhzreaer this
as influenced ty biased capicical vork:z or the
wh? studias vere induced by this a<ti=ula,
It shouald be noted <hat =zthose studies which ssparacely
14

32alyz¢d recurring ccoses and soarecurciay costs Zaund ol
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relatively modest savings, averaging ia tae range o2f 7% to
15% in recurring cost reduction for lov value radios, wmis-
siles and conponents. [Lcovett and Norton, 1978; Brannon, et
al., 1979].

Although some of the empirical works include the front-
end start-up costs in estimating savings, many left out sig-
nificant elaments of start-up costs for various r=2asons.
The most fraquent omissicns are the cost of the TDP, the
cost of the original contractor's assistince to the new
source, and the cost of additivnal administrative sffort.

Another-common deficiency is the failure to discount sav-
ings. As w2 mentioned earlier, frort-end inves*ments are
short-ters while potential savings may not be realized for
saveral years. Sound investment policy, as well as OMB di-
raction, calls for discounting savings.

Although the effect of production <t¢ata changas on unit
pcoduction cost is well kncwn, this factor wvas not consid-
ered in empirical studies until quite r2cencly. Nonz of tha
coaprehensive studies conducted by IDA, APRO, or the Army
Electronic Command includes this factor.

Ancther factor that has never been 3iddressed in prior
studies is the degrec of subcontracting and its impact on
tha chance of savings if compatition is introduced. Con-
tractors arqgue that, for most aajor systa2ms, the prime gets
only about 20% of the contract dollac, acd o2nly half of that
is labor [Richardson, 1982]). Although we do not necessarily
agree with tais pacticular argument, w2 do believ: that the
extent to vhich coamon subcontractors are used by both
sources should be a factor in the sacond sourcing dzcisicn.

Pipally, with th2 exception of the APRD 78 study, non: of
the cosprehensive stadies was able to iisazify any rzlation-
ship which would be useful for predictiva purposes. Unfeor-
tunately, items eoxamined by the APRC 78 study 1ira2 mainly
simple systeas cosuet2d on a wvinner-tacz-all or buy-ou< ba-
sis. The rasult has little m2anizg for major systesas under
consideratioax for split-buy comperition.

. ‘g
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2.7 ADDITIONAL ISSUES RAISED
Daspite the multitude of empirical stulias undectakan during
the past decade, there has b2en only a2 modest r:ductiorn in
the uncertainty associated wi*h estimating the savings from
insrcducing coupetition to a praviously sol: sourcs procurs-~
ment. There have baeen some obvious advancss. ¥=thodeclogi-
. cally, the use of constant dollar, the 3xtrapolation of sole
source price-reduction curves, ard the inclusion of a pro-
ductior rate *erm ars typical among ad>r: rcscent studiss.
The separation of the one-time "shift" from sustained curve
“rotation," the inclusion cf front-end invsstmesnt, and dis-
counting of future bensfits ar: also rnow racognized as acc-
s sary.
Given that the magunitude of savings fraa competition is a

[

function cf s¢ many factors, th2 linmited number of casz his-
tories of major weapon systems acquisitions has apparsntly
- prevented researchers from isolating pattwsras of savings
that would significantly reduce gncertainty. Complica<“ing
this problem is th2 lack c¢f a theoretical foundazion to =x-
plain the €indings of =smpirical works.

In fact, oprior works have ra2lied upor a szricsly smpirci-
cil approach, totally ignoriag =ha3 insight pota2n%ial frem
*he econowmis<'s "theory of th2 firm." Tha ass3ssmsn% by Ar-
chibald, et al., of tha current stats of “ha art s2ems to ba

disturbingly true 7 1981:52]:

. Currtent understagding of the competitive <rCepro-
e cur=2ment frocess is méagor, I+ wduld, for 2=xap-
le, te an undarstatement to say that th: deterai-
nants of post-competition price diffarences hava
not yet begn identifiad. Weé ar2 112abl2: to discov-
: er 3 relarively conmplet2 list of a3van <he pozza-
- sial de-erminants.
g Th2 RAND study cffars the Sollowing impsrtant quesrtions zha
]
.05 should b2 addressed in studying coampetizion ian weipon sys-
4
t2ms acguisi-ion:
7, 1983 Chapter 2
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1. In what circumstancaes does competition lead to
cost reductions in production, or profit rsduc-
tions, or some combination of the two?

2. Doas competition influence a firam's efficiency
by inducing it to 4invest in capital equipment,
sanufacturing technolagy, or praduct develop-
ment? Under what circumstancas?

3. How does th2 firm's general business situation
and altarnative investment strategiss affect
the impact of competition?

To addrass the first two questions, preogram-specific as well
as ccntractoc-specific data are needed. The third question
is akin to the issue raised by SAI's rassarchers, Beltramo
and Jordan, which is +that the impact of introducing coapeti-
tion depends on the ability and willingnass of potential
suppliers to ccapete [1982].
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PAGE 3.1

Chapter 21
) PROPITABILITY

Cl=sarly, <the price the Governzent must pay %o acquirz goods
- from a contractor serves two functions. One of thess is to
_ raisturse tha contractor for th2 costs it amust incur to sup-
fﬂ ply the2 goods. Th= other 1is the genzraticn of profis.
' Profit, of course, compensates ths contractar's stackholders
for the use of their funds, and for the risks zhey assunme.
Lat=ly, DcD-contractor profitability has been vary wmuch
an issus. Some observers exprass alira that lovw profies
thr=2aten to convert the defense business into a "market of
last resort." Others allege d2fense coatrictors aarn "“ex-
cassive" profits. Aere we sxplor2 +ha apparen= contra-
diction betveen thase viewpoints. Specifically, ve examins
data covsring 20 y2ars, and study how the profitability of
DoD contracts has be=n influsarced. W2 ask howv profitabls
contractors are in th=ir DoD versus copmercial business seg-
mants, and wvhether *he risk 1levels ficsd ace equivalane,
Qur conclusion 1is that Program Managers (PM's) have been
able to *ake advantag2 of the bargaining powver th=y hold <o
bpuy goods at substantially lower profit saryins vhan capaci-
ty utilization is low. The returns 2arasd by coatractoss on
D5>D business are aeasurably lower than th=2 cC2turas »n cecm-
m2rcial business during periods of low capaci<y u=ilization.
Also, the volatility of zsturns is higa:: for DoD business
vhich means the risks are viawved by 1managsaent as bdbeing
e somewvhat higher.

o 3.1 CONTBACTOR PROPITS

The importance of profit to the r=lasioaship bstws:n *he DoD

“e

Ctl
Lo >'Y Iy - . . »
':} and defanse ccatractors i3 forsally rcs3cognized {a <he De-
gg} - ease Acjyuisicion 3sgulaticns [DAR 3-803.1(3) J.
' @i It.ig <he i;c of <he Depacsmant of Dafans2 =0
33 ueilize orcf Yto sti nulag 2dficiant coazrnice
N perforaance. Preofit gamerally is =ha dasic wotlive
N of business eaterprisae.
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PAGE 3.2
This profit policy 4is designad *o insica that th: b2st and
most efficient industzial capability will coatinua %o ba a%-
tracted to DoD wvork. The policy recognizes thas the DoD
aust actively cospate with the commercial market =0 attract
this capability.

3.1.1 Adequacy of Profit

Lat=2ly, though, the sufficisncy (or largass) of con“racto:
profitability has baen subj2ct to dabat: ([Profi+ Study
Gtoup, 1976]). Col. J. R. Woody, for 3xample, has r=2acted
with alara to regorts of relatively low r=2alized caturans and
ganerally higher risks faced by contractozrs ([Woody, 1982].
He feels thers is a chance that this situation might convers
the defanse business into a "marks: of last ra2sort.® Thera
is also concern that if this atticude pravails among firan-
cial institutions, dofanse coantractors aay have difficuley
obtaining nz2cessary funds during perisis of tight cradit
[Brown and Stothoff, 1976 ].

On -he cther hand, it has been videly all-sged by organi-
zatiocns such as the General Accounting Jffice (GAQ) *hat dz-
finse contractors 2arn “excessive®" profits [(U.S. Coagress,
1971 1. The striving for coap=atition in w2apon systzms ac-
quisition is, in larg2 part, attribuzabla to a growing sense
of fueility--2 feeling that affores tc c»oazrol acgquisition
cIsts through audits, uanegotiaticn and adaiaiserasiva pras-
suze fail to reduce this *"axcsssive® prafis.

Much of <he apparant <contradiction bs=wean zthas: vi

L

]
v

o

< &g o

points can be ae=wribucad %o the ifficyl=y cssearchers

&P

r

in  seasuring the profitadbilicy of 1 osorsian of “ira's

) .
business. Thcmas, for exaanple, has shoec how zarcibly sg

$

4 -
-

[ ™
»

vocal =ha process 2f allocating corporata sverhead 0
sions can b9 (Thomas, 1969].

J.na BoD Division “"Cost®
The perviormaacy of 1 isfonse contract 1s >%f<an accoynnsi f

o]
i1 a separid<e business upit (or division) 92 a1 coapany.
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This cobviously aeans =he Project Managar &
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PAGE 3.3
just how the «contractor accounts for dica2ct costs, and in
hov corporat2 overhead and othsr indirsct cos<s azr2 allocat-
ed to divisions.

The Cost Accouating Standards Board (CASB) was aestab-
lished, largaly at the urging of ADM Rizkavar, to bring uni-
foraity and consistency to tha process of dstermininy the
cost of goods prcduced for the Government. Even though the
CASB no longer axists, its pronouncemants live on by forca
of law. Bowever, thay have fallsn somavhat short of bring-
ing %total uniformity and consistency <to ta3 accounting pro-
cass. Plexibility still exists in several areas.

One axampla cf continuing flexibility is <he alloca*ion
of home office expeases. Even though Standird 403 addressed
tha problean, contractors car choos2 among as least thrae
bases-=-payroll, revenue and assets--in dateraining the
amount of cost the DoD division, and henc2 its products, is
to absorb. Residuals are allocated by a foraula. If the
contractor is so motivated, the methad which maximizas
“cost" can be selected--legally.

Standard 410 deals with th2 allccation of general and ad-
sinistrative expenses to final «cos% objactives. Allowed
bases includ2 materials, payroll and ovsrh=zad. Again, *he
one wvhich smaxiaizes "cost" can be selac:tad.

The allocation of service center (a departa=nt vhich
sacves manufacturing dapar<ments bu* doas not itself work on
products, such as zachine maint2nance) costs is tha focus of
Standard 418. Here use of <«ithar the "zaciprocal" or “"se-
quential® method is allowed and, undec cersain circums<can-
ces, the “direct® asthod. Whiczh will <a2 contrace2r choess?

Finally, allocatior of engigaering coszs is <rea%ed in
Sctandacd 420. The contractotr ¢an ka:zp =rick of tha asount
of time spent by 2ngineers on DoD work, aad *han alloca=s
tha cost diracely. Othaarwis2, <th2 cost can be iacluded in
aa overhead pool and -<reated iz any of th2 vays allowved for
othzr overhead ccsts.

Ia short, we feal Thomas is rcigha-s. S> much Slaxibili

i
r3sain: that zeasurting the profizabilizy of v pastiap cf
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fira's businass is virtually impossible. The ptofitability
of a portion cf a firm's business can be significan+ly al-

tarnd by using different cost allocatica a=2thods. Even un-
der a gost plus fixed fee or firm fixad prica conzract, tae
£

(O]

2 ascertained by the government contracting officer 1s
2ascnable does not reprosent the true profitability of the
governaaent contract., 1

3.1.2 Profit Varies with Conditions
Soma of *he rast 9f the contradiction zan ba attzibuia2d4 to

“hs fact that the different studies have ©Ddeen conducted a+%
di ffersnt ¢times, 2aad coapetitive conditions change <hrough
time. Ther2 is gaod reason %o believe th2 relative profis-
ability of defense business may also vary with cenditions,
It is well-understood <that whan the 2conoamy slackens, and
excess mapufacturing capacity grows, (r=al) pric=zs tend =o
drop and profit margins weaksn [Shapico and Baumol, 1970].
wheon demand falls, firms (particularly thoszs with largsrc 1
fixsd cos+s) tend to engage inm vigorous price competition
(Ferguson, 1969]. Any positive contribution (surplus of

price over Jdirect costs) a contractor gsanerates carn help
cf £set fixed costs. The amount of profit raduction sxperi-
zaced should therefor=2 be related to ths d2clire ia capacirty
tilization.

3.1.3 DoD as a large Customer
It is undeniable that <he DoD is a1 powasful  Dbuvsr. The

(P¥*s3)
is parvicularly great in heavily dafenss-orisn==ed indus<ci:s
an

isount of bavgairing power h:ld by projraa manag:

0)

such as aerespace, whare the Governamene 3sullly aceo o bl
seeveenr 40% 1nd 60% of tosal sales. W3y therefory suggaest

<he following:
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PAGE 3.5

poo

P#'s should be in an ideal position to take advarntag=
of lulls in capacity wutilization--t> drive "haczd4 bar-
gains,® and buy goods at lowar profit margins. Prof-
its earned by contractcrs on DoD businass should be
measurably lower than profits on coammacrcial business
during periods of low capacity utilization. Howevar,
when the industry is ‘tusy--when thare is suffician<«
total business to require atilization of a largs per-
tion of capacity--tha profitabili®y of DoD busin=zss
must at least reach parity. Otherwis2, industry aight
have no incentivs t> accept DoD ocdszrcs.

It is this hypothesis we seek <o tast.

3.2 EERIBIGCAL EXANINATION
In the pages that follow, we will razport on -he sSt. takan
to test the hypothesis that the state »of capaci:y liza-
tion in the acrospace industry is a detaraiaant of thz rela-
tive profitability of DoD business to coamercial businsss.
2 concantrated on £firas in th2 aerospaca industry becausa
aarospace firms account for ths largest dollar valua propoc-
«ion of defense acguisiticns. Includad were cectain €irams
known to be significant aerospace supplizrs, but catsjorized
by The Value Line Ipvestsent Survey as *aul-iform," "elac-

erical" or ‘“electropics." A represanvativa, al<hough no+
axhaustive, list of the firms includad in <he study is shown
ia Table 3.1.

¥e will begin vith a description oI was data :kanmined.
Vex» the topic vwill <curn to the analyticil aethods used,
Pinally, wve will discuss ta: resulss 2aad s0a¢ 9f tus aora
imporeant isplications.

Oceober 27, 1983
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TABLE 3.1
Examples ¢f PFirms Stuliead

Beceing Lockhe=d

Grumman McDonn=2ll Douglas
Vought Litton

Beach Unitad T=chnologies
Telzdyne Raytheon

Hughes Aircraft General Dynamics
Gensral Electric Ford A=rospace
Nerth *merican Rockwell Texas Iastruaent

3.2.1 Description of Data

The data examined in this study lie in two categoriss; cor-
porate data and capacity utilization daca. The r=levant
corporate da%a, including financial parformance indicators
and, for reasons soon to be made clear, *+he volume ¢f DoD
business, were extrac*ed from Value Lins. (Actually, Yalue
Line 1indicates the percentage of =zach company's rCavenues
which derive from "Government business.™ de used this as a
surrogate for "DoD business."™ Two profitability measures
ware cataloyued~--profit as a percentage of sales and profit
as a percentage of net worth.

Capacility utilization information wias obtained from tti:
Paderal Reserve Board. Unfortunately, capacity u*ilization
figqures for individual f£irms are not availabla. Thase data
are thersfore for the aerospac: industry 3s a whols,

The time span covered by this analysis is <he last twenty
y2avs; so all relavant da%a were collect:zd for 1963 through
1982. The p=arcentige 5f Government busin2ss was not repor+-
2d for every firm, ev=ry y<ar. ilso, therz was significan=
antry and exit of na2w and old firms during <he twenty yearcs,

Neither of <+hese factors constitutad 3 problsm, hows
since ~ach y:ar's da%a sa* was c3rtainly =c2p

ctober 27, 1983 Chapnsr 3
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PAGZE 3.7
the industry, and included approximataly 25 firms--a suffi-
cient number to grovide statistical confidence in the re-

sults.

3.2.2 Ppreliminary Apalysis

As mentioned earlisr, profitability of a portion of a compa-
ry's business is subject to changes when allocation methods
differ. Unless all firms use the same allocation a=theds,
profits of specific segments will not be <comparabls. In-
deed, no source of financial information rCou*inaly reports
the aerospac2 industry's net rites of raturn on the specific
sagments of interest--DoD versus commarcial. Jrly the
anount of profit earned by the firm as 3 whols is availabla
for ampalysis. It was therefore necessary L£Oor us =0 use ra-
gression analysis as a Jdis-agqregation techaniqus. e will
da2scribe the procedur= used and display th2 results.

3.2.2.1 Dis-Aggrsgation Regressions

For each of the twenty years, the individual firms'! parcent-
ages of Govarrment business wers used «s an  independent
variable, and the two profitability measures ca%alogu2d car-
liar ware trzated as dependen* variables. Thus, 20 r=gres-
sions of the feru ¥ = a ¢ bX were producsd, =<wracking raturn
on sala:s as a function ¢f percent of Governmen: business
thzough time. Another 20 ragressions of the same fora
tracked return on net vworth as a function of the sam= inde-
pendent variable. All *wenty values of "a" and "b" for both
forms are shown in Table 3.2.

The sharp break in the values containad in the "a™ column
under "Profit on Salas" betwean 1968 and 1969 is due to a
change in the wvay this ©percectage was calculated by Value
Line. This break will turn out to bz of no consaqusnce in
*he analysis. Our intarest will focus on zatios *aksn fronm
the individual regressions. Only the catios will be con-
parsd through tims,.

Each regr3ission was next svaluazed at 0X Governman- busi-
nsss and a*t 100% Government businass. Tha ratio of %he lax-

October 27, 1583 Chaptzr 3
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TABLE 3.2
Profit as FPuncticn of Govsrnmeat Business
Profit on Sales Profit on Nzt Worth

Year a a b

1963 13.30 -0.094 11. 30 0.008
1964 15.00 -0.102 14.90 -0.024
1365 14.50 ~.091 15.50 -0.011
1966 12.90 ~0.061 15. 10 -0.012
1967 9.85 ~-}.040 14.80 -Q.016
1968 11.90 ~-0.062 13.90 0.007
1969 4.58 -0.026 13.5¢ ~3.022
1970 4,92 -0.042 14.50 -0.066
1971 3.16 -0.021 7.36 0.002
1972 4.66 -0.042 12. 30 -0.394
1973 6.85 -0.074 14.00 -3.068
1974 4.86 -0.033 13.44 -0.018
1975 4,11 -0.023 11.80 -0.011
1976 S.27 -0.045 14. 10 -0.007
1977 4.94 -0.017 13.10 0.069
1978 5.21 -0.008 14.62 0.052
1979 6.15 -0.014 19. 10 -2.032
1980 6.64 -0.035 21.40 -0.133
1981 6.72 ~0.0481 20.50 -0.135
1982 S.48 -0.024 11.60 0.010

«er to the former yields the relative profitability of Gov-
arnmen* (DcD) business to commercial business, as indicatzd
by #he chosen raturn measure. Using profit on salss, for
axampls, at 0% Government tusiness the return is 13.3%. For
100% Government businaess we find the raturn is 13.3% - 9.4%
= 3,9%, so the ratio is 3.9 t3 13.3, or .29 *o0 1, or 29%.
The generally lower profit for government business also can
be s¢er from the nagative valuss of ®"b"™ in Tablzs 3.2.

3.2.2.2 Smoothing

To help reduce +the veclatilicty introduczd by +the accoun<ving
principl: of periodicity, and to widen “h=3 time parspective
associated with capacity utilization, we us2d a rssistant
time szriss smoother follcved by a simple Hanning -unning
average [ Vellemacr, 16803. Thus, the profitibility ratics as
calculated on both *h2 sales and nat worth pases, as well as
2 smoo*hed. Th2

=ha measure c¢f capacity utilization, wear
smoothsd data are lis<ad in Table 2.3 balow.
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To intzrpret and illustrate the use of thess resgrassions, at
a capacity utilization rate of, say, 85%, Form 1 woculd tell
us to sxpect a profitability ratio based on sales of about,

-34.5 + 1,00 (85%) = 50.5%.

Form 2 would bhave us expect a profitability ratio based on

nat worth of,
12.8 + 0.94 (85%) = 92.7%.

These were roughly the ccnditions of <he mid *o 1late six-

ties. But if CO were to drop *o, say, 70%, we would antici-
3

L[]

and, R:NW = 12.8 + 0.9 (70%) 78.5%.,

This is more like the 1973-75 period. Thz readsr amign< like
+o not:z *hat the smoothed <capaci=ty utilization ra+2 irn 1982
vas 73.9%. The ragressions predict R:S = 39.4% and RiINW =
82.3%. The actual values wera R:S = 56.9%--highar than an-
#icipated, and 79.3%--a bit lowar than 23xpactad. Notes that
thz positive coefficisnts indicate <that coatractors' damand
for higher profi+ from government contracts increas2s as ths
industry's capacity utilization iaproves.

Both forms of the ragression easily pass on=-tailsd sta-
tistical significance tests at tha .35 confidence level.
The T-ratio values were 1.83 for Fcrm 1 ard 1.97 for Form 2.
The critical value of *T" is 1.73 with 18 d=z=gre=s 2% fras-

dom.

3. 2. 3.1 Interpretation

—

Ca

g

|

Th2se ragressions constitute strong statist support for
hei

e bar-

ot
«wr
1+
t1

n

th2 original Aypothssis that PN's ate ablz to u
gaining powsr *o advantage during indus=cy lulls i1 capacisy
u=ilization, but that thsy must r2ach pirity w#ith commarcial
business during busy periods. However, -n:® last poc+ion »f

1

sachas

ry

tha+< s-atemen“ must bz gualified. Th2 DoD ne¥sr

—— —

ly

o]

profit parity as msasured by cstucn an 3al2s, so ths prepe-

*T
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tion of the DcD procurement dollar thit goes to contractor
profits is never as high as is the cas2 for commercial buy-
ers. The approximate smoothed capacity utilization point at
vhich profit parity could normally bz sxpacted on a net
vorth basis would be 92.8%; but at no time during the last
20 years have we reached that point. This impliss the
1976-78 period was abnormal.

Now we turn to an analysis of the risks faced by aero-
space contractors doiag business with <ha DoD versus commer-
cial customers. Here the results will b2 lass clear.

3.2.8  Bisk Analysis

wpisk" can be defined and measured in sevaral ways. One
view is from inside the fira--through th2 eyes of zanage-
aanz. This perspective of risk concarns itself with the
volatility cf earnings.

3. 2. 4.1 Volatility of Barnings

Earnings measures based on sales are gsn2rilly 1less impor-
tant to management than returns on net worth, so we will
adopt the latter as our metric for risk asasuremen* from the
viswpoint of the firm.

Management must budget cash fiows and 3:xhibit appealing
pictures of net income growth. These “asks are mad=2 <asier
if earnings are stable and pradictable than if returns arcs
volatile. All things aqual, management would prefer stable
re<urns. Said another way, if the earnings rates on a par-
ticular lin2 of business are amdre vola+ils, managesment will
seek a higher average rate of return as compansation.

We have established above that averigs Zosturas (3s msas-
ured on net wvworth) have been generally lowar oan DoD business
during the last 20 yesars than the «r2turas on commercial
business have deen. At this stage, howaver, w2 nsed <o cca-
pare volatility.

Returning to th= preliminary analysis, wv2 artayed <h2
dis-aggregat2d r=z+urns on net worth for 01 Governasn=- busi-
ness in one group and for 100% Governascn<t business ia a-
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PAGE 3.13
other. Next, we calculated *he standard deviations of cthe
two groups, as indications of their volatility. Th2 stan-
dard deviation of returns on D3D work was 4.2%; th2 sam2
number for ccamercial business was 3.2%. Not orly arz re-
turns lower for DoD business, but tha risks as viewed by
@3 nagement are somevhat higher. This obsarva-iorn ~xplains
the necessity of reaching (or exceeding) parity wirth commer-
cial profitability whan capacity is pushad. All things
agual, management's praferenc2 from a rcisk/r=sturn viewpoint
would be for ccmmercial wvork.

3. 2.4.2 Stock Price Volatility

Another measurement perspective for risk is to vizw vola=zil-
ity of returas through the eyes of th: financial marke*s:
in this case, the macket for 2quity sescuritiss. TwO m=2as-
ures are rel=vapnpt—to+tal risk and ®"systamatic" risk.

Total risk 1is siamply the volatility of ratu
equitiss mazket. Value Lin2 measures this with a3 "Price
Stability Index" (PSI), <c¢n a scals of z2ro =0 100. The
higher the number, rhe more stabla th: firm's s*ock price
and, therafore, total returmns %o the markset.

The analysis method ussd here wvas to taka ths most ra2c=nt

PSI and “percent Government business®™ figures for *hs firms
in the indus=ry, and <o again ruh a regression. Ths <coeffi-

cizant (Wb") was -0.38, wvith a T-ratio 2f -2.64. This im-
plies, for 2xample, that if a firm's perc2atags of Dod busi-

83ss wer2 to rise by 10%, i*s PSI would dszclins by abou+s 3.3
points. Total risk, as seen through tha2 financial zarkst's

eyes, is alsc higher.

Total risk is a r=2levant <fac=or to szall invastoss who
may hold the securities of only a few firms, bu<= ins<i<u
tional iavestcrs and autual funds are able to aold sharss o
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PAGE 3.14
from bolding a particular firm's stock are correlated to the
roturns frem helding all cther securitiss.

Again, we ran a ragression; this tima to see whether
"beta® can be associated with the percantags of DoD busi-
nass. But hare the coefficient was trivially small and sta-
tistically insignificant indicating no association.

3.2.4.3 Intexpretation

The signals deriving from the risc inilysis szction are
slightly mixed, bat interprestable. It is a firm's beta
vhich requires higher financial returns in <the securitisas
mairkets. We did find ths betas for a3rospace firms to be
higher than “he wmarket average, indicating aerospace is a
riskier industry, but the magnitude of bata was indspendent
of the percentage of Dol work undertakan. This means that
the amount of DoD pbusinaess don= by a firms should not have an
impact on i%s ability to raiss equity capital. This inter-
pretation aay be substapntiated by +he fact that the Govern-
ment typically financas a portion of th2 fuads nseded by a
@332 jor veapon systeas contractor through jovernaent furnished
equipsent, progress payments, 3tc.

However, total risk wvas positively asssciated with tha
parcentage of DoD business, a9aning the ownership of high
DoD-perczntage firas' securities is liksly to be conrcentrat-
1 in the hands cf institutional inves:ors. This may be a
saocial issue.

3.3 CONCLUSIONS AND IMPLICATIONS
Saveral conclusions which hava iasplications for acgquisi+iorn

manageaent can bs drawa. The real objectivs of this Chaptac
has teen to examine carefully the available Jdata 3> as %o
provide ansvers to the folloving questizns:

Ocwoker 27, 1983 Chapt2r 3
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1. Is the profitability of DoD contracts influ-
enced by ¢the state of capacity utiliza+isn in
the industry?

2. How profitable are the major i1arospace contrac-
tors in their DeD versus comm=zcial businsess
segments?

3. Given risk levels faced by contrac*tors, 1is the
return =arned on DoD businass zquivalent tc
that of commercial work?

Tha answer to the first question is "yes."¥ Program Managers
(PM's) are able to take advantage of th2 large amount of
bargaining power thay hold to drive ®%hard bargains"--+o0 buy
goods at substantially lower profit amiargins=--when capacity
atilization is low, but must pay higher prices when capacity
is "pushed." This causes profits to ris= whan th: industry
is busy, and tc fall during slack periocis.

The profits earned by coantractors on DoD businzss are
m3asurably lover than profi*s earned on ccmmercial bus:i-
ress--particularly duriag periods of low capaci-zy uziliza-
tion. Pigure 3.1 revz:als 1976 through 1978 to hava heen ths
only time pericd covered by this study iuring which DoaD-r=2-
lited raturns have exceeded those on coamercial business.
Evan though Dol-relatsd profits increas=2 relative <o commer-
cial-vork profits as capacity uvtilizatisn cises, v weuld
not normally expact the two prafit racss <o be equal to one
another until the 92.3% pecint is cr=aca2d (on a saJothzd ba-
sis). At nc tias during the last 20 y2acss hras -his accur-

red.
The lower returas found for DoD businsss aight bs accep-
table if the attendan® risks ware lower. dovaver, nagon:z of

*he three risk measuras used shows DoD Jork =2 be l2s3 Zisky
<han coaaercial. Ia fact, maragen=2nt (s ap=s =0 przfs7 com
mezcial work because -he velatilisy oI rszuzns oa azt we
is low=sr. Total markat zrisk, as =measuz=d by th2 2y, I

3
alsc lower £yr firms with hijner prevortisas of =oassrcial

Ocwober 27, 1983 Chapeer 3
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business. Beta is cosparable for diffarant weightings of
the two segments, though, which implias highsr average re-
turns are not necessary to attract equity capital.

In short, thare appears to be reason for concern but not
for alaram. Capital generation should not be an 3spacially
difficult problem for the aerospace iniustry, but the dis-
tribution of the shares of stock of those firms who tend to
specialize in DoD work will be more coacentrated in the
hands of larger investors.

The more difficult task will be to find svae way to im-
prove management's outlook on the risk/return rzla*ionship
for DoD business. This wmight be dons In =zither of two ways,
On2 would be to -educe Government!s voricity for "hard barc-
gains®™ when industry is slow. The other is to be willing to
allow higher prcfit 1levels when <capacity utilization 32
high, Either wvay, va must recognize the andeniables fac:
that the indussry's capacicy utilization situation is a ma-
jor deteraminant of the price the Gevarnamen*t must pay for ma-
jor weapon systens,

Oztober 27, 198)
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PAGE 4.1

Chapter 4
DETERMINANTS OP PRICB

In the field of major weapon systams acjuisition, cost asti-
mation, always a difficult problem, is mad3 avasn aorce ardu-
ous whan the procurem=ant is conducted under dnal-source ccm-
patition. "Rule of thuab"® quantifications of <%h=z savings
rasultiag froam competition have been disappointingly unrcali-
abls. It is prcbably even fair to say that we 45 not yet
fally understand 2xactly hov and when competitior producss
savings. The research which has been dons on zhe known his-
tories suggests that dual sourcing of major w=2apon sys+tems
has resul®ed in added life cycle costs as of<sn as it has
produced savings [Beltramo and Jordan, 1982]. Sursly this
has not been intentional.

Mcst recent a<tampts to sharpen our cdst a2stimation abil-
itias have focussd on adding a production rat: t=erm %0 the
conventional learning curve model [Smith, 1980]. Howaver,
the magnitude (and even the direction) 2f the effect on %o~
*al program cest of altering production rates is aor always
foresecable--pacticularly under dual sourciag. So i+s in=-
clusion in the mod2l, while often helpful, somertimes l:3ads
the analyst astray.

In =his Chapt=r ve explore a pos3ibility =hat tha ctffect
of compeziticon on the cost of acquiring major weapon systens
under dual sourcingy can nmore reliably bs =2stimated by sub-
stituting an industry capacity utiliza=iosn ccaceps “o2r =h?
production rats concpt. Siaply said, <he bhypothasis is

tha*:

comperticion produces great:r savings wasa ficas  arcs
*hungry:*® vh=n the dindusezy 13 wvagy active, dual

soucrcing i3 of little bemefli< as 3 cos= oalucer.
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PAGE 4.2
4.1 THEORETICAL BACKGROUND
Tvwo basic econcmic concepts should ba caviewad pricr to mov-

ing into the de*ails of the analysis. The first i3 that
typical manufacturing organizations have average uni+t cost
functions that are U-shaped vith —raspact to productisn vol-
ume. The other is that ccapeting firms, particularly in the
durable egquipsent industries, <tend to bid (r=al) s<elling
prices down during aconomic slumps. We will briefly sxamine
each of these ccncepts.

4.1.1 Ayerage Onit Cost

The generality of U-shaped unit cost functions is well
grounded in economic theory [Bi:rman and Dyckman, 1976;
Brennan, 1960]. As an illustration, consider Figurcs 4.1,
Here the fira's average unit cost is assuaed +o be miniaized
1t a rats of output which requiraes use 3£ about 70% of its
productive capacity.

Unit
cost
($)
Capacity
L T e R R L Rk b TR O BN 4
0 50 100
| Fijure 4.1: U-Shapsd Averag: Unic Cost

The dovnvard slop2 of ths cost curva at lowsr ac=tivis

[

b
lavels is caussd by spreading £ixed costs ovir aan facrzasing
avaber of uniis is ou%pur Iisss. Evantwually, Ahosvavsrz,
point i{s reachted where 4iseconoaiszs of scals: degin =2 s3t

in. Third-saife presiuas or over-i3s aight D2 requirzr:?i, Or

Ocwobar 27, 1383 Zhiprzz d
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PAGE 4.3
perhaps less efficient ‘"spara® nmachinery is brougkt into
use. Idle tise might iacrease as mora maintenance must be
done while production is ir progress. It amigh% be n2cessary
for the firm to increase i%s rsliance on subcontractors. If
the subcontractors' capacities ars also "pushed," this could
further aggravate the problea.

Production rata researchers have usually shown ar awvare-
ness of the U-shaped curve [Bemis and Parghar, undatad; Cox
and Gansler, 1981]). Onfortunately, <thasa same rasearchers
have used single-parameter, sover-decreasing versions of the
rate term in their eampirical analysas. Howaver, some of
these works havs shown positive production rate esxponents,
implying the data indeed cam= from a satting such that the
firms' rates of activity placed them beyond the dzagres of
capacity utilization asscciated with 1lswast avaragz unit
cost [Kratz, et al., undated; Samith, 1976].

In fact, the effact cn unit cost 2f changing 23 firm's
production rate depends on its physical facilizies, 1i:s la-
bor/capital relationship, and on the 1iamount of o<hsr busi-
n2ss *ne contractor has at the time of the change. &gvszn th2
shape of the rates/cost curve, in addition to the slope, dif-
fers from case to case. Therefore no universal parametsr
value for th2 prodaction rate impact exists.

%.1.2 Competition and Excess Capacity
fhen the econcmy slackeans, and 2xcess mianufacturing capacity
grows, (real) rices tand to drop and profit aargins weaken
{Shapizo and Bausol, 1970]. This aeans that if 2 3alling
pcice curcve vere superimpcsed on th2 cost curve illustratsd
in Pigurs 4.1, its minimsua point would tapd <o 1liz ta tha
laft of 70X%.

If 4desand falls even furth3r, €firms (particulacly thase
vith larger fix2d costs) tead to 2ngags in vigoraus prica

[=3
ot
[ 24
Q
o

coapetition { Ferjuson, 1969 ). Any o3sitivs conzroib
(sellix price less dizece cost) caa  halp offsas  frx24
COStS. Che rasule of this Latanse coapetit.an 13 =hat the

.

miniwgua poin=< ¢f <he sa2lling pric: Ccuuve (vhica 13 =a: cost
Qceober 27, 1583 Chavsmer o
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PAGE 4.4
curve for tha buyer) lies even further to thas lef+:, and is
probakly belowvw the cost curvs, meaning the fira would be op-
erating at a loss,

We should ncte tha*t without competitisn there wculd bz po
incentive for the firm to lower its selling prics.  Thare-
fore the ability of a buyer o take advantige of 2xcess ca-
pacity to reduca cost is dependant on ths axistezcs of coa-
petition. Said arother way, the amoun: 3f saviags vhich can
be attributed to competiticn should be invarsely ralated to
tha state of capacity utilization in *hz ‘adus=zry.

In the preceeding chapter, we have s-ow~ that ths sizz of
profit from Governaent coneracts iacr2iszs with an increase
of industry capacity utilizationm. In this chaptar, we will
test to sSe& whothar capacity utilization has an impact on
the final purchase price paid by DoD.

4.2 AN BNPIRICAL BXAMINATION
In the pages that follow, «2 Tr2port =h2 staps ¥v2 toock to

test the hypothesis *hat the state of capacity u*ilization
in *he relevant indus:zry is wuseful in)ut informacion for an
analyst who is a“taapting to estimate tha cost of w2apons to
be acquired under dual source competition. ¥e will begin
with a description of the data exaained. A simple plausi-
bility check of the hypothesis will follovw, Nexz, the con-
struction of the rate and capacisy urilization models which
verze compared wvill be dascribed. Finally, wsa will show <ha
resul4s obtained with tae twvo modsls.

The data e¢xasined in this porction 2¢ thz sz2udy Lis ia two
citagorizs~~prograa data and capacity utiiizazion daca. e
vill briafly describe ecach.

Tha progran dawa describa the asgqiisizion histozi
sy ven weapons which wsre dual sourced (af L4 L
2% scla-sourzy  podcursment). Thege d2:12 wvarz suppliszd by
Szieact Appilcaticas, lac. (Sal). They aza liswad in apyp
4

¥
ix AL I+ should be assphasizsd ziat =ails jroup ccas-izutes
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_ PAGE 4.5
the entire cansus >f major weapon systams for which varifia-
ble price data are readily availablae,

The pricas were converted *5> fiscal ysar 1972 dosllars by
applying the DoD inflaticn indax. Prizzs were considered
more relavant than contracter cost because of th:2 procura-
ment perspec+ive, and becausa pricas capture -he 2ffacts of
varying amounts of profit from Government business undsr
different smsarcket environments. Prices also reflzct the ef-
facts of "gaming,"™ which is so pravaient ia dual sourcing.

Unfortuna-ely, capacity utilization figuras for individu-
al firms are not available. The capaszity ut:ilization data
are therefor2 for the arsospacz irndusery. Thesz data were
also used in the preceoeding analysis of profit.

4.2.2 A pPrelimimary Check

As a siaple plausibility check of the hypothesis, *he data
c2portsd in Tabls 4.1 wera assembled. Ths program savings
(Loss) data were takan frca SAI's repyct (Baltramo 2rnd Jor-
dan, 1982]. The capacity utiliza*ions ver2 averages of the
annual fiqures for the asrospace irdustry for the years duc-

ing which dual-sourcs procur2ment was in 3affect for each

progran,
TABLE 4.1
A Preliainary Hypo=hesis Chack
-
Araual
Pergent Savinis Avarage Capacity
procureasnt ot (Loss) Dus Ueilizdwion During
Progran to Ccapetition Dual Sourcs: 2hass
Rockeye Baa . .
Bullpgg AGN~128 %8.7 76.2 !
Shil.2lagh Missile }@.7 847.2 |
Spacyov AINM-T7¥ {<5.3 31.4 ;
NR-4s Torpedo 130.9 91.9 ] |
Sidsvindaz AXN-9D/G 71.3) 82.3 | |
. - - j |

arh
’
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'0 '”""’;
[

]
v
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1
1
|
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PAGE 4.6

By examining Table 4.1, <*he vreader can confirm that SAI
determined that cnly three of the sevea programs generated
sufficient savings from competition to mwmore than cffset the
investpents required to obtain thenm. {in calculating these
savings, 3el:tramo and Jordan fsllowed the raccmmended proce-
dure cf applying 3 10U% discount rate to th=2 estimated cost
savings, and deducting the cost to the huyer of establishing
competition.) Ir maach oi the *hree "savings" cases, iadus-
try capacity utilization averaged less than 80% during the
dual source phasz of the procur2ment, Bach time a loss re-
sulted from competition, capacity utilization was running
above 80%.

our interpretation of <this preliminary rcheck is that it
tands to support the general hypathesis. Greater savings do
appear to have rosulted frcm competition when capacity uti-
lization was relatively low. Indeed, implamentation of damal
sourcing when capacity utilia- wm was highar than about 80%
ssems to have beep, in revrospsut, unwvisa,

Encouraged by these results, e decided to 70 ahead wi*h
the actual nmodeling of a cost eostimation proceadur2 which
wvould allow *he analyst to take full advantaqge cf capacity
1:ilization forecasts. We felt the ra:sult of this atteamp=
should be comparel for performance with thes best lsarning
curvesproducticn ratz medel we could coastruct using the
same data and procedures.

4.2.5 The Modsls--Gemeral F
The two models comparad in this analysis havz th: £sllowing

gznecal forms:

)
Production rate model; %
b ]
P = kQB& :
Capacity utilization model; |
a ¢ 48 £y
P=%kQ OUe =& . |
| i
L !
Octohar 27, 1983 Chapter 4
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PAGE 4.7
The production rate model is conventioaal in form. The #Q®
term represents the "mid-peint" quar-.- -y associat=2d with ths
particular buy. Lot size is used as _ surrogate for produc-
tion rate, as is the case in virtually all other studies
desaling with rates. Given the lack of detailed production
cate data, the use of lot size seems to be reasonabls., "p,®
of course, is the average price for the buy, while "k,n wan
and "b" are parametars.

The capacity utilizaticn modal eliminates production rate
as an input and substitutes in its placa "U," the smootaed
utilization percentags for the industry. We us=d a resis-
tant time series smoother followed by 31 simpls Hanning run-
ning average to widen the time perspective associated with
capaciry utilization [see Vellzman, 198)]. The t=rm carriss
We® as its parametar., In t'eory, utilization rates can
range from 0% up to 100%, oL perhaps 2ven higher for brisf
periocds of +time. The actual smoothad data set included
reasures randing from a low of 62.2% in 1960 to a high of
89.2% in 1967. For unsmcothei, indiviiual years, the range
for the annual data was 63.5% (1971) to 31.9% (1966).

Since the amount of savings prasumsdly depsnds on the
form of competition in effect, two dummy mode variables were
added (see "Capacity utilization modzl" above);

M=1 if the buy was under 4dual sourcing, 0 otherwise;

¥=1 if competition was winnar-taka-all, 0 othzrwise,

The parameter for M is "d:" for N, nf. 0 Raising the con-
stant, e, to the rasulting powsrs causes 2 parallel shift in
the log form ¢f the learmning curve,

4.2.4 Deriving Parameters
To place param=t=rs ¢t the models, we fizst used ragression
to fit a 1log form of the ¢two candida: 2 models to the data
dascribed in each >f *he seven acquisizion historizs lis+ted
in Table 4.1 and shown in Appsniix A, Since thass weapons
ware procursd under dual scurcing, «e lerived separit: mcd-

els for zach ¢f th2 two suppliars.

Qctober 27, 1983 Chaprer i
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PAGE 4.8
4.2.4.1 The Rate Model
Taking the rate wodel first, we ran both simple c=2grassions
using zach independent variable separat:ly, and multiple re-
gressions--so that the best forecasting tool sach form of
the model was capable of producing could be built. In most
cases the rate term was not statistically associatsd with
the price charged by the original sourcz:. However, the rate
tarm usually wvas significant for the sezond source.

The next step was to determine parametars for the rate
form of the general forecasting models, using the valuss de-
rived for the individual grogranms. This was accomplished
tvo ways: first by determiniag the median values of the pa-
rameters in question, and then by calculatiag ths m=2an val-
uas with anomalous observations removed. The rasulting
original-scurce mxiels were:

With median values:
-0.313 -0.183
kQ R

With mean values;

~0.316 -0.183
P = kQ R .

The second-source 1odels were:

¥ith median values;
kQ R

4o)
1]

With mean values;
-0.324 +90,287
kQ R

©
(1]

The learning ra%es ioplied by the wvalues of "ai" are all
close ~o 80%, and the value of "b" fouad fcr +h? osriginal
source is amazingly close %o <he -0.19 valu2 darivsd by Benm-
is and Fargher in their earlier stuly of aircraft da*a
[undatsd}. The positive cexpcenents for tns rate =2ra iz th2
sgscond-source models may seem >dd; buz 31 possibis 2xplana-

ctober 27, 1983 Chapter 4




PAGE 4.9
tion lies in the fact that if the sazond-sourcs wins the
take-out bid it, in effect, becomes a sdola sourcsz afizsr the
dual-source comptetion is over. This svent is accompanied
by increases in both production <rates and salling prices.
It has also been suggested that the second source may be fa-
cilitized at a lower level than the orijinal firm. It would
therefore be more 2fficient at lower production rates, but
becomes less so as rates rise [U.S. Army, 1980; Carrick,

198213.

4.2.8.2 The Capacity Otilization Model -

A similar procedura was used in deriving parameters for thae
capacity utilization model. However, w2 first included all
iientifiable independent variables, iacluding rats. The
rate ters was found to be statistically significant only
onc:, The remaining terms therefore spacified the surviving
form of the model.

Only significant parametar values from the individual
progre' s uwere retained. In the c232 >f the second-sourca
varsion, this meant dropping all but <tha "Q" and "N" vari-
ables. The mcdsls w=are construc+tsd in bot: the median- and
mean-value forms. PFor the original source, we found:

¥ith median vzlues;
~0.278 +1,250 -0.2018 ~-0.854N
Q U 3 3

P =Kk

With mean values;:

-0.260 +1.765 -0.2014 -0.354)
o} [}] € 3 .

Tha second-scurce mrodals were:

With median values;
-0.174 -.,320N
Q 3

o
[}

¥ith mean values;

-

=0.214 -,520%
Q 2

L J
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Again, the parameter values seem to makz intuitivs senss,
The positive axponents for the capacity utilization “orm fit
the hypothesis, and the negative coefficiznts for *h: compe-
tition mode terms imply there is a downward price shift whan
conpetition is implemented.  This will b2 discussed ia
greater detail later--and will be qualified in the cass of
vinner-take-all buy-outs.

It may at first seem odd that the exponznt cf "Q" is
#flattar" (and mora variable) for *hs sscond sourc:s than for
the original. However, r=zcall frcm th2 analysis in Chapter
2 that it is in sxactly this kind of situation that pricing
strategy, or gaming, rlays its most prolific oola. And, as
discussed in Chaptar 3 in a division allocation contaxt, +th2
Cost Accounting Standards Board (CASB) g3Jav2 contractors am-
ple opportunity to make adjustments of tha "cost" of prod-
ucts. This flexibility extends to temporal adjustamsnts.

Standard 409, for example, addressas depreciation ms<+h-
ods. The contractor 1is allowed to a2lact among any of the
mathods normally available for financial r2porting. Thes=
includs (but ar= not limited to) straigh* line, d2cliring
balance, sum-of-years'-digits and depreciation by us2. Such
elactions cause the ralative costs of *"sarliar"™ varsus "lat-
2r" units to appear highey or lowsr so as to "cost justify"®
different pricinog strategisas.

The acquisition cost of matsrials is «<r=2ated in Standard
411, The contractor can decid2 among LIFO, FIFO, average
cost or specific identification. BEach of <hes: producss
tamporal differencas i the cost of praduct during periods
of changing materials costs.

Standards 414 ard 417 affsct <ha cost of dwpriciabls fa-
ciliti2s and wmat:rials, therasfor=s incrz2as: <h:s magnizude of
tha felxibility enjoysd under 409 and 411
fraedons within 414 and 417 wvhich fuzth

Bu= <h:re ars

ar =2xacscbat: +*ha

problen.,

None of this is intended as a condszani<ion of accoun+in
principles, o7 ~f th2 zesults of <h2 CASB 2:ffort. e hopa
anly mak2: the rTeadsr avars of +<he r32lative =333 wi%h
Octokez 27, 1983 Chib=aT 4




PAGE 4.11
which a contractor can "adjust® the cost of products to suit
the situation, both absolutely and teomporally.

4.2.5 Testing the Nodels

Due to the limited number of major weapon system histories
for programs which have been dual sourca3d, the only availa-
ble data for testing the two models' performance are the
ones used for the derivatioms. This is not the best of re-
search procedures, but at least it will produce an indica-
tion of the ability of the awmethodicilly d=rived general
forecasting @odels to accommodate accurately the individual-
ities of the prugraas.

The basic plan >f the test is to usa each model to fore-
cast at the onset of procurement what the total procurement
cost "will be®™ for each of the seven prajrams, than teo com-
pare the actual cost to the forecast. We axaaine only pro-
curement cost tecause that is the functional purpose of both
of the models under consideration. Our criteria for compar-
ison will include means and standard daviations of bota tha
arithm=tic and absoiute arrors as measured by percentage
cost underrun cr cocverrun froa forecast zost.

It wvas necessary to make some assuaptions abou: just how
the models wvould be nsad to make forecasts. To place e=ach
on an =qral footing, it was assumed that the price, quanti-
ty, production rate and smoothed capacity utilization were
all known for the first lot. This enabled “k" to be evalu-
ated, as it vas ths last remaining term. It was further as-
sumed that the values o2f <he independent variibles could be
forecast wvith accuracy. This last assuaption insurad t a*
wa ver: tasting the models, and not the forecasriag accuracy
of the inputs.

The actual iaplamentation was not difficult. Pirst, the
lot "mid-points® were calcula<¢d. The convaantional foraula,
((Q+1)/3) +0.5, vas usad tc detarmine th2 lot "mid-point" for
the first loz. bt sizes vere used as surrogatas f£sr pro-
duction rates as in the derivations, Sa’othed capacity uti-
liza%icn measures were used. Th2 dual-sources mods ==ra wvas

October 27, 1983 Chaptar 4




PAGE 4.12
drcpped ("M" set to z2ro) when capacity utilization was
greater than 80%.

The use of <the winner-take-all <=2arm requirzs special
alabhoration. We noticed from the historias, as hava other
r2searchers, tha* a winner-take-all, =aka-out bid si-uation
ssems to produce an unusually low prices only oncs. Tha2
price rises again af<%er the first winnar-tiks-all buy, as
the winner, in effect, becomss a sols sourca. This charac-
taristic is particularly evident in th: TOW and Sidewinder
AIM~-9D/G histcries. We thersfore exercissd the winnsr-~taks-
all term in the sstimating modsl ognly for the fizs: buy un-
der this form cf competition. After <that point it was ig-
nored. ("N" was reset to zero; i.e., <th2 winnzr bacame a
sole-source supplier.) Now considar the summacy of cesulss
in Table 4.2, Clsarly, the capacity utilization midel has
outperformed the rite aodel in every test,

TABLE 4.2
Suamary Results of Tasts
-
Arithmetic Absolute
Error Error
Percentayy Psrcantage
Rate Nodel:
Median Parameter
Version o« v o o « & 27.2 94,3
(9 3.1 (63.6)
Mcan Facaameter
Versicn « o o « o o 1.4 80.6
(81.7 (06.2)
Cagacxty Otilization Model:
adian Parametzr
Versicn « o ¢ o o @ 4.9 30.48
(38.2) (19.38)
Mean Parameter
Varsion « « o« « « Je 0 34,7
(41.4) (18.6)
J

Th: average arithmectic and absolute 2rcors 103 lowar fo i
shar version of +«h2 capaci=y utiliza*ion mocdel than for ei-
ther version of tha raite mcdal. In 11dizion, ~h3 lowar
standard devia*icns (shown in pir=n=hes3s) iandicats: =ha pro-

Octobar 27, 1963 Chipesc 4




PAGE 4,13
gram-to-precgrams variations of actual from forecas* cost are
lower under the capacity utilization moial.

We viev this outcome as strong suppart for our originmal
hypothesis. But there are additional iasights gained froa
the research which bear elaboration.

8.3 IMPLICATIOIS OF PINDINGS

Several conclusions vhich have implizations for both cost
astimation and acquisition management can b2 drawn froam this
study. First, it seams clear that tha procur=zmsnt cost of
mijor weapon systems could morz closely be estima%ted by us-
ing a capacity utilizaticn concept in placa of thes produc-
tion rate «concept when the procur2men: is conductad undsr
coapetition. There is no reason to beliava prices rsac< to
®hungriness® when an acquisition program is conduct2d with-
out compatition.

Some of the details ~f the analysis enable us *o draw
conclusions which are relevaat to the way acquisizion pro-
grams are managed. Por example, the capacity utilization
tara itself was nearly alwvays statistically significant*, and
in the predictea (positive) direction. We interpret this as
meaning ther2 is a price reduction in czaction to a change

(U

in cepactiy utilization wvhenever there is a ganuin

of compatitior.

Others have also suggested “he 3xistanca of savicgs from
the threat of compoatition [including B82l%ramo anad Jordan,
1982 )], but nov ve can quantify the sffact. If ¥s use *the
median aodel parametar valus of 1,25 fcr th2 “U" <=2rm, a de-
cline in capacity utilization from, say, 80% to 75% could be
axpected to produce a 7.8% price savings from th= >ciginal
source just as a racult of the threat of coapetirtion. This
gives some indication of the benefits which can b2 2xpected
as a result of stips such as clear Goveraaant owrnarship of
the technical da-a package.

The vamaindar of the analysis providad addizionil suppors
for the notion +hat isplemsentation of dual sourcing preducas
savings only whsn capacity uzilizazion is less =-han about

October 27, 1983 Chapesr 4
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PAGE 4.14
80%. The dual-source mode term was significant only for
Bullpup and TOW, but nearly significant for Rockeya2. These
w2Ce tha three programs identified ii Table 4.1 as having
produc=d savings as a result of competition. The obvious
conclusion is that dual scurcing should not be implemented
unless utilization is axpected to be that low. But the pa-
rameter value tells us to expect an 19.2% average savings
from implementation undar these low-utilization conditiors.

The insights gainad by our examination of the winnec-
tikz-all term may also have policy implicazions. Wa found
the first price paid in a take-cut bid situation to hawe
b2an much lower--the parameter suggests 1 57.4% saviangs--as
participants ¢ry ¢> “buy *“he market;" but that the savings
3o nct extend beyond that first buy. The situation seems to
ravert to cone cf sole source.

We feel that knowladge of the state >f capacity utiliza-
tion in the industry in question is an important component
©2 the correct mapagement of the acquisition »f ma jor weapen
systems under compatition. However, w2 nust 2wphasizs that
more razsearch is aeeded to deepen our ability to wuse such
concepts. Pcr example, might the basi: mszthod be even mor=
raliable if the capacity utilization aRasures used wers
firm-specific rather than composites for th2 industry? Ars
chere ways to “custoaize®™ *h2 parameters for a specific pro-
gram =c iamgpgrove the iccuracy of the foracasts? How could
vinnar-take-all ocomp3titicns more sefizctively b2 managed?
Is thare a way tc split duval-source awvacds so as t»o take ad-
viartage of the "hungriest" of cospetitors? What forecasting
=:chniques can best b3 employsd to predi:c- capacity utiliza-
<ion?

of
s
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Chapter S
IBSPLEBENTATION AND CORCLUSIONS

Based on the analysis ccntaiped in Chapter 4, we conclude
that knowvledge of the state of capacity utilization ia tha
aerospace inzustry is an impostant coampinent of the correct
management of acquisition programs when competition is in
af fect. Hovever, more research is need2] to implement these
concepts with any confidence. Por example, wz found in Ta-
ble 4.1 (reprcduced as Table 5.1 below) that the 2=2concaic
savings or loss experienced as a result >f dual sourcing can
largely be =2xplained by the state of capacity utilization
during thae dual-source phase of procuremant. But hov is on2
to kunow prior to the moament of procurem2nt just what capaci-
ty utilization will be? It is necessary to forecast.

—
TABLE 5.1
A Prelisinary Aypothesis Chack
Annual
Percent Savings lzaiaga Capac:ty
Precuremant sr (Loss} Due gtil zation During
Progras to Competi tion Dual Source Phase

TOW 26.0 63.5
Rockeye 8oab 25.5 10.9
Bul 1Yu§ AGN-12B 13.7 76.2
Shil agh Missile {u.? 87.0
Sparros AIN-7P 5.9 81,46
NRk-46 Torpedo 30.9 91.6
S;dau;ndax AIN-9D/G T1.3 82.13

. —d

In this final chapter ve will discuss the possibility of
iaplemscsntation. Of spacific interest wvill be ocur ability o
sake before-<he-fact use of th2 *80% rules™ a5 a praceical,

aoney-saving procuresant tool.

October 27, 1683 Chagtaer S




PAGE 5.2
5.1 PORECASTING CARACITY UTILIZATION
what foracasting tachniques can best »2 easploy=d to predict
capacity utilization? By examining the plots of monmthly
utilization data (@Appendix B contains the data, Appandix C
the plots), one can discern that the aarospace industry has
. experisnced significant swings which se2a to follsw a cycli-
cal pattern. We have shown thz peaks and vallays since Jan-
wary, 1952, in Table 5.2.

TABLE 5.2
Svings in Monthly Capacity Jeilization
r,L=
Capacity In*arlud=
Zvent Date Utilizatida Pzom Last
pPeak August 1953 92.0%
valley Decembar 1954 70.8
Deak March 1957 88.5 44 aonths
Vallay Juna 1960 63.7 66 scn*hs
Peak August 1966 94,2 113 sonths
Valley April 1971 61.7 130 months
B Peak Noveaber 1979 92.1 159 asnths

Clesarly, ttcth the peak-=o-peak aznd thz valley-<o-vallay
iaterludes have grown throughos*t <hs peziod covered, but the
averags:s arz showa in Table S5.3. Thes? dita givs tastinmony
t> (a) stablz cycle extremss azd (b) longar rscovsriiss <haa
declines.

3

.
-

Tablas 5.2 and 5.3 leave an ispressisn  <hat =laz 3

i
rs

“

a2thods aighs cffor foresigh:. This <wyzas oust =2 b2

1)
(3 ]

ys

byt caly %c a lisited ex<%sent.
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TABLE 5.3
Average Capacity Utilizatisa Swings

Average Peak 91.7%
Average Valley 65.4%
Average Peak-to-Peak Interlude 105 months
Average Valley-to-Valley Int=arluds 98 mon*hs
Average Peak-to-Valley Interluds 37 wuaths
Average Valley-to-Peak Interluds 68 mon*hs

5.1.1 Yime Series Methods Appli=d
The most poverful tima series modsls ara 5f the Box and Jex-
kins family [1976]. They are capable of fitting =ra2nd, cy-
cle and seasonal patterns of great vasisty to sufficiesntly
large data sets. The particular versiosn we us=2d Is +h2
ARIMA, vhich was adapted for MINITAB by Professor 4. Meaksr
of Icowa Stat: University [1977].

Por thoss who wish to duplicats our sa3susts, th: varsion
v2 used vhenever possible was,

AagIMA (00 Y) (O ' W K,

wvhere K was <he leagth of the lis=- obscrvable average inzsc-
lude prior =¢c Limpleamentation of the procuroment
“hen the size cf the data set would not parait this
used a slighely weaker version,

ARIMA (00 ©H (0 0 W K.

These models ver- used to cbtainm 3 Zorezast Of capiciwy 1-i=-
lization for each progras. In +ach case tha foriciss was
produced ar zhe cnses of rrocuraasaz, which vas =-h:zx ina
32le~soucce anda. The forecast vwas £3r aarospac: inlus:tzy
cipacity ueiliza=ion av ths aiddls Hf =ha tiaas peris! luzizng
daich dual-scyrzce procureaseat ¥as =9 =ak: placs. Ta:os:dsce,
a2z forecas=ws werv for 30 =0 B4 arntis ahead. Tas T:squts,
iacluding =43 decisions wvhich ire :ndiz2+933 by blind usy E
tha “80% rulsz," azz given ia Tibl- 3.4,

October 27, 1983 Ihyee T S
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TABLE 5.4
Porecasts of Capacity Utilization

Porecast ing

Perisds o]} Indicatad
Prograa Ahead Poracast Decision
TOW 30 84.7% Sole
Rockeye Boab 72 79.1 Dual
Bu;lfug AGN-12B, S4 79.4 Du.l
Shillalagh Missile 30 73.5 Dual
Sparrow AIN-7F 84 80.2 Selz
MK-46 Torpedo 36 4.4 Sole
Sidzwinder AIN-9D/G 48 17.9 Duial

5. 1. 1.1 Cutcose

Since the acrual dacisions, of course, veras %o dual source,
¥2 can compare the effect of using ths capacity utiliza+ion
concept as iamplesentad +through a pre-program tim2 series
forecast by quantifying ¢the impact on <cthe cost of %th: thre=:
changed decisions. This is done 3in Table 5.5.

TABLE 5.5
Jutcoaes Using the Moiel
.
Percent PY723
Gain 31in
Precgran {Loss) (Lass)
TOW 126.0) ( 33.7)
Sparrow AIN-T7P 25.0 1019
M&-46 Torpedo 36.9 16,2
L Tmees !
Total Gain 114,2 ‘
Ao J

S5cse axplanatica of the informatisn coazained ia Tabla
5.5 is ra:quirsd. Fizset, the octcom® wvwould change only if
2 decisicn regarding Jual-soyrecing ver? =2 chanys. A d=-
cisicn chang? resulted only £or TOW, 3pazrtov aad tha2 MK-4é
pLegrans., In the case of 20w this was anfor=muaass, The
“carrect® decision, dual scurce, wvas ia fact sadsz, bHut thea

3

&4
(/]
[¢]

€ ehe tigg~saries foz3cast and  th:? dU% cule wonlld have
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PAGE 5.5
produced a sub-optimal, scle-source dacision. The conse-
quence of this mistaks would havs been to forgo thae 26% zav-
ings SAI estipated to have actually resulted from dual-
sourcing this prograa. Based on procuramant costs, this
vorke out to a FY72$93.7 aillion opportunity loss. This
loss "resulted" from a failure of relatively simple time-se-
ries methods to forecast the dsep industry slump which oc-
curred in 1971--tha2 exact time period during which TOW was
dual sourced. Hovever, the outcome would have been bhanafi-
cial for the Sparrov and KX-4%6 programs. More than PY723200
million in lossas could have been avoidai

It should ke pointad out that the mecthod made wrong deci-
sions in the casss of the Shillelagh and Sidewipiar programs
as wvell, Lu< thess vere <the actual dacisions and theriforz
do not constitute an incremental loss.

In sumnmary, ve find the time-series concep* (as timpla-
mented) to be disappointingly wunc2liable as an isplaazenta-
tion tool evan *hough application of the aethod would have
saved a net of more than PY72$100 aillion on thes2 s3ivan
proegraas. Three of the seven "decisions®™ were wrong.

5.1.1.2 Isproveasnts N¥eeded
We feel it wvould be necussary tc maks improvemeats iz our
ability to forecast aerospace capacity utilization befecrs it
could actually be usel as a decision variable. However, *h

W

petheds ve applied were no more <han vary tantative and sx-

ploratory. There are many vays of foracasting the movaaswnt

of economic indicators [see Nalson, 1971]. Surely fucvhsr
2search effor+ could vastly improve <cthis Kay ntep t3 sxpa-

I
C
iy
14
.

ci2ncing the savings which are achiav.

5.2 OTBER IMPLEMENTATIOR ISSUB:
The forecasting of capacity utilizaz=iosa i3 but ome asp-¢v 2%
che total iwsplessacac=ion prec:ss. 752 pavazetsrs c¢I -hy
a0del) 2ust ba quantifiel as walli.

The analysls in Chapter U showed <3t =h2 capagiey wsili-

2ation aod=sl “iiws* the dasa o:r *X. 32v:n programs beccer

Qceobesr 27, 1843 Cha==:= §
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PAGE 5.5
producad a sub-optimal, scle-source dacision. The conase-
juence of this mistaks would have been td forgo the 26% sav-
ings SAI estimated to have actually resulted from dual-
sourcing this prograam. Based on procuresmsat costs, *this
works out to a FY72$93.7 aillion opportunity 1loss. Tais
loss "resulted™ from a failure of relatively simple tima-se-
ries methods to forecast the dsep industry sluap which oc-
curred in 1971--th2 exact time period during which TOW was
dual soucced. Hovever, the outcome would have been ben2fi-
cial for the Sparrav and MK-46 programs. WHore than PY723200
million in lossas could have bsen avoids:i.

It should ke pointed out that the method made wrong deci-
sions in the casss 2f the Saillalagh and Sidewinder programs
as well, ©bu= these were the actual dacisions and therafors
dc not constitute an incremental loss.

In supmary, ve find the time-series coacept (as impls-
mented) toc be disappointingly unr2liable as an implaaenta-
tion tool evan +*hough applicacion of the aethod would have
saved a 1net of g@ore than FY72510¢ wmillion on thesa s3van
programs. Three of the seven "decisions™ were wrong.

5.1.1.2 Isprovessnts ¥eeded
#e feel it would be necessary to make improvements ia ovur
ability to forecast aerospace capacity utilization befors it

could actually be used as a decision variable. However, th=2

14

potheds we apgplied were ac morse +=han vary tentative and =zx-
ploratory. There are many ways of foracasting the mov=za=nt
of economic indicators [see Nalsen, 1973]. Surely further
rosearch effor+t could vastly improve <this key step to 2xp=-
ri2ncing the savings which are achisvabla.

.

199}

5.2 OTHER IMPLEMENTATION ISSUB
The forecasting of capacity utilization is but one asp:ct of

ol
the total iaplementation procass. Tha parametsrs of =h

w

asdel must b2 quantified as well.
The analysis in Chapter 4 showed that th2 capacity utili-
zation model "fiws* the data for *h:z 33van programs he«ser

ctober 27, 1983 Chap=sc S
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than the fit achieved with the production rats model. This
means an analyst faced with the task of quantifying parame-
tars would be left with lass statistical "noiss" if that an-
alyst were fitting the capacity utilization model. This, in
turn, neans it would be easier to mak2 a highly confident
statesent about the slope c¢f the learning or price-reducti~n
rate curve through the capacity wutilization model than with
the rate modal. The knowledge gained would be useful for
making correct comparisons of the performance of vying ccen-
*ractors.

¥e should also point out that our model includes terams
which explicitly impound <+he z2ffects of {(a} moving to the
dual-source environment and (b) initiation of a winnsr-take-
all take-out. The pararateric avaluation process should it~
sslf be beneficial.

Once the model is built, the paramzter values could ba
altered to study the effects of, for 2xample, trading off
the benefits of coapetition against tha incrzased learning
value of buying larger quantities froa a sols source wh=2n
future conditions are uncertain., W®hat-if drills of this na~
turs aid in anticipating unusual cutcomss and other anoma-
lous events.

Sog2 vith whom we have discussed <th: rssults of sar work
have pointed out that the model could be improved by using
the capacity utilization measures for particualr firms rath-
¢r than for the industry. We totally agres, and would like
to explore this improvement, but the data are not available.
In the meantinme, ve have a model that works, and we must
roly on the judgement of the avalys* t> altsr the conclu-
sions depending cn ths condition of the individuval firams in-
volved in the compatition. Along thesz lines, we must r2-
mind the analyst <that no modsl can 2aver substitute for
sxperisnced, human judgement, Por exampla, a Box-Jenkins
nodel could nct foresee the 1971 downturn, but many human
analysts did. The results of any quantitativs model should
sarve only as information for an expsriszncad, professional
analyst to ucse in r2commending a decision. Por a major

October 27, 1983 Chaptsr 5
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veapon system which costs hundreds of nillions of dollars,
no analyst is going to rely on a singls quantitative mcdel
which =2mplceys only a few explanatory variables. A datailed
breakdown method of cost estimation is still the basic foun-
datien of cost estimation for major wsapon systems. Our
model, however, may be viewed and used as a "scoping" device
to examine the most likely outcome under givan market condi-
tions. This important consideration has to date bzen ig-
nored.

Also, ncne of this is intended to suggest that economic
considerations are paramount. As indicatad earlier, there
are often other, very valid rs2asons for implemanting dual
sourcing: such as mobilization base or the achievement of
social goals. Our assumption is simply that ve would liks
to know what it costs to achieve *thase othar cbjectivzs.

5.3 EXERCISING BESTIAINT

In Chapter 3 wvwe addressed the profitapilizy of Govarnment
versus comaercial business in response zo those who have ex-
pressed alara that lov profits threaten to convert the ds-
fense business int> a "market of last resort.® The princi-
pal conclusion ¢f our research is that Program Managers
should be able to take advantage of their knowledge of ca-
pacity utilizaticn to increase the bargaining power thsy now
hold. The returns =2arned by contractcrs on DoD business ars
already measurably lower than +he r2turns on coaaercial
business during periods of low capacity utilization. Also,
the volatility of returns is higher for DoD business, which
means the risks are viewved by managsment as being somewhatr
higher.

It is undepiable that the DoD is a powarful buyer. Tha
amount of bargaining power held by program zanagers is par-
ticularly great in heavily defanse-orisanced industrizs such
as aerospace, where the Goverament usually accoun*s t£nr bz~
tveen 40% and 60% of =otal salss. We charafore suggsst %ha
following:

October 27, 1983 Chap=«sr 5
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A 1. PN*s should act_responsibly. They should re-
i sist the natural teaptation t> take gverzealous
» advantage of lulls in capacity utilization--to

L& drive ¥ zrd bargains," and buy goods at very

Y lov profit margiss.

SR .

S 2. Ways should be found to improve management's

i viar of the risk/return relationship for  DoD

Y busipess. Perhaps_a guarantea of some oinimunm

i level of profit would be appropriate--or higher
alloved profit levels when capacity utilization

. is high.

i

f\\\

ol

2

2 5.4 ASSUNPTIONS FPOLLOWED

Throughout this analysis we have followed both =xplicitly
and implicitly csrtain assumptions it might be w2ll to re-
view. In brief, these are as follows.

5.8.1 Assumed DoD Objectives
The following has been assumed with respact to DoD behavior

and vieus.

Selle 1.1 Reasonable Rates of Ratura

IRV
RTON

The DoD understands the improtant vrToles profits play (a) in
maintainiag the efficiancy and strength of private industry,
aad (b) in providing incentive for contractors to perforam

s

services bepeficial to the Government, In rcecoqgnition of

<
3

1 B ||
.. >
2 O

" the iasportance of profits, DoD seeks to sustain an anviron-

P A
.

R aent in which an efficient contractor can 2ara a reasonable

rate of return while perfcraing services for the Governnment.

However, the DoD is respoasible to tha taxpayers. It
sust therefore protect against buying practicss which aight
be wasteful of Governaent rssources. It seeks neither to
ravard inefficiency nor to provide contracetors with unneces-
sarily high rates of return.

S.4.1.2 Mobilization Base

In the avant of a ¥ational eazrgency, ta2 acyuisition re-
quiresents cf DoD are likely %o be considerably higher than
o undsr peacetime conditions. Since DoD's raspoasibilitias o

TN AN

sifaquard the sescurity of th2 Nation #oull <conzinue under
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PAGE 5.9
any circuastances, 1t is desirable to 2asure the continuit
of an industrial base sufficient to @meat any =ceasonably
foresecable cemergency.

An acquisition practice which rasultad in swmall progranm
cost savings without considering 'the factor of mobilization
base might rightfully be rejected as iamprudsnt. The 2conom-
ic consequences of proposed acguisition practicss ars thsre-
fore incomplate (albait important) indicators of iasirabili-
ty.

5.4.1.3 Econosic Analysis is Bssential

Al-hough the avowed r2ason for having coamapatiting suppliers
is to bring down the cost to the govsrnasnt, comp2=ition may
b2 introduced for a wide vari2ty of r2assns o+th2r than fi-
nancial. At the lagislative lavel, coampeting suppliers have
been awarded ccntmacts on qrounds of fairnass, evan-handsd-
n2ss, 2@mplcyment, etc. At *he pilitary departmant leval,
mobilization base and improvement in <t2chnical pzarformanca
are oftan cited as major rsasons for dual sourcing. In our
viev, fairness, emplcymect and mobilization base are policy
issues which, ty nature, dc not rendar th2aselvas 3 quanti-
fiad aralysis.

However, a financial cost-benefit analysis of <the iual
sourcing decisior r2mains a us2£ful *ool for descision makers.
Even if the result shows dual ssurcing is uneconomical, ths
magnitud: of the cost serves as useful iaput for =hs Jdzci-
sion maker in setting policiss.

S.4. 1.4 Advantaga of Bfficiency
An efficient group of contractars is aolz2 zo (a) produca a
given raquirement with lowar consuspzion of taxpayar ra-
sources and/or (b) produce a lagrger rayguirzment vith 1 givan
laval of resource copsuaption., Bota *hisz chicteris=nics ar:
dasirable from the perspectiva 2f a2 D3D.

The mandate DoD has to pronect agains<s buying sraceicss

a

vhich aight be wvastsiul cf Goverrnman<t I3ssuscis is &

]
o
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©atad by the existsnce of a supplisrc jyooup which caan alai-
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PAGE 5.10
aize the resourcs consuaption nacessary to meet a given ra-
quirement. DoD's responsibility to protect the Nation undar
any cirerasstances is facilitated by contractors who are able
to produce large ragquirsments with given lavels of rasourc-
es.

S5.4.1.5 Discounted Constant Dollars

Due to changes in the purchasing pover of th2 dollar, costs
should be adjusted to constant dollars when coaparing acqui-
siticn practices. Since funding for acguisitions is concur-
reant with expenditures which, in tura, are normally concur-
ront with th2 fulfillaent of requirements, it is normally
na2cessary to discount eaxpenditures to prasent value whan
evaluating proposed acquisition practicas.

DoD acquisitions present some of the <characteristics of
exacutory contracts in that fuanding 23and axpenditures ar2
concurrent with *he fulfillment of the requircment. DoD has
peither the autheority nor the msans to miake significant tem-
poral adjustments in its funding. Therafore, discouatszd
constant dollar program cost is the most relsvant acopomic
aeasure of an acquisition practice.

S.4.1.6 Dual Sowrcing is Only One Tool

Government has many possible means 92f coan=rolling the cost
of its acquisition acuivities. The iapleaentation of dual
sourcing is orly one of these. Its use may or 3ay aot b2
nacessary or desirmable, depending on th2 circuastances.

Dual sourcing is sometiray the best tydl €or DoD to bhring
t5> bear in axztemptiag to reau.d tihe acquition cost of a parc-
ticular requireaent. However, implemerntation is aeither al-
VAYS hecessary nor always economically ilvaartagsous for DoD.
Depending on the circuastances, othar =o0ls may be mors ad-
vantageous, aore effective and/or nore efficiant in achiav-
iag the desired sffsct. :

”
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PAGE 5.11
5S.4.2 Coptractor Strategy apd Behaviog
We presume contractors axhibit behavior patterns and adopt
strategies which reflact the following.

5.8. 2.1 Pricing Plexibility

Unless the procuremen* is *o ba conduct2d ia a ons-shot con-
tract situation where the to<al quantity is <c¢c be avarded
all at once, both the priss and the second source axpect or-
ders for soma miniaum guantity for the durazzcn 3f the pro-
graa., Given this expectation, the suppliar has <he flaxi-
bility of proposing a high initial prics and s<eep price
raduction curve or lower ipitial price and f£lat price reduc-
tion curve, depending o>n which stratagy is mor: advantageous
to the fira.

5.8.2.2 To ¥in or Mot To Win?

It is rpnaive to assumy that contractircs always att2mpt to
capture the larger share of an annual buy. Several studies
have shown production rate to bea a major factor ir dstermin-
ing contract cost. But one cannot assue? <hat 2conomy of
scale alvays follows largs quantitias of production. If cne
(ot both) contractor has limited capacity, i= nay bo aore
advantageous to be the lossr in a duval-sourc?2 program.

5.4.2.3 Gaming is Possible
One must accept the fact that, ia a dual sourc: coapatition,
th2re is no price coape%ition whatsoevar T 1 gJuaranteed
10ser's share level. Results of studias havs shown that at
tais lsvel the offersd prices wvere loadsi. 1£ <ais lower
quan%ity is more advarntigeous =0 2ithaer ZSraz=sactor, the re-
spsceive bid will be high. I£ st is a97r: advanzagaous %o
bath, 2 tvwo-player gaaing sizuation 2xists andl *h: zffect of
price coupetition disypprars.

5.4.2.9 Incumbent DBiscourages Competitioa

4 zole source supplier 2aj0ys 3 cer%alin dej-e~ o€ Zresdos i

{4
[$]

[¥]

duceion and prise =ego=iatidas. ThereZors, =h: Licuadbeat

o
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PAGE 5.12
has th2 incentive to discourage the introduction of competi-~
tion. As discussed above, the lcweriag of prices of 2arly
lots is a teasible strategy.

5.4.2.5 Objective is Return on Net Horth

Although there have bean criticisas of the profit maximiza-
tion assumption, rcaecent studies have shown that a nuabar of
criteria are just diffeorent forms of praofic maximizazion on
3 long tarm basis.

5.4.2.6 Cost Allccation Coaplicates Mzasureaent

Although tha Cost Accounting Standard B82ard prescribed the
way indirect costs are to be allocatsd, cocsiderable flaxi-
bility reamains in th2 selectiin of cost pools, allocation
basis, and *he «classification of costs. The same set of
production costs incurred by a contractor could resuls in
2ntirely different aomounts of cost being allocatad to the
same final cost object, depending on diffaraat, but perait-
t2d, vays of makiay the allocatioas.

5.5 CONCLUSICNS
The research effort discussed here wis funded unlar ONR

3jcant No. NOOO 14838 R30236, dated 28 Dac2aber 1982. Tha
Stategent of Work vhich specified <+h2 task to be accoa-
plished read as follows:

Market envirozzents ralevant to the 3012 source varsus
dual source decision for tha pricurasens of major
veapon systess vwill be identifisd. The pricing bakave

e

icr of contractars operatiag L2 zha3ds@ snviconameacs
vill be anmalyzed, and its potanvial i=pact on proagraa
cost will be studied. Sui table 2i1za from NARVAlZ's
centrace fila will be gsed, L€ aporopriytse, for ampicz-
ical verification, The objactive i3 20 darive an op-

tisal acquisi=ion Jwratagy fur  whe valrious sarkat :a-

viropAasncs.

b e e e
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. PAGE 5.13

We indeed have identified market anviconments relsvant to
the sole source versus dual source decision for the procura-
mant of aajor veapon systems., Our amost iaportant finding is
that the state of capacity utilization in che aerospace ia-
dustry is a highly relevant aspect of th2 anvironaent.

The pricing behavior of contractors >psarating under dif-
farent degrees of "busypness® was analyz2l, and its ispact on
prograas cost was studiad. Tha environasr+'s impact on con-
tracter profitability was also studisd.

Historical data from seven major weipon systems acquisi-
tions (shown in Appendix A} were usad £3: =zapirical verifi-
cation. The eapirical analysis gave s<roag statistical
creditability to tha hypotheses taestsd.

The results of tha study point the wvay for developaen«
and isplementation of superior acquisision strategies. Tha
strategies which should fcllow will be applicable %o various
wsarket environments.

Qc=obar 27, 1643
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Appendix B
. AEROSPACE CAPACITY UTILIZATION HISTORY

MO.  CY48 CT49 cY50 CcyYs1 cY52 cY53

' JAN  39.1 40. 2 321 46.2 70.0 91.2

FEB  38.6 41,2 32.1 48.2 71.6 91.2

MAR 38,9 41,3 31.8 50.6 73.5 91.2

APR  39.4 40. 2 31.9 52.6 74,2 91.0

MAY  38.8 39.7 33.8 53.5 77.7 90.9

Juy  39.1 39,0 35.0 55.0 79.7 90.5

» JUL  38.8 38.5 36.1 55.7 81.1 91.7

R AUG  39.6 35.6 40. 1 57.4 82.9 92.0

R o SEP  39.9 36.6 40.5 59.9 82.3 90.4

2 OCT  40.5 34.7 41.9 59.5 86.3 90.3

?§£ NOV 401 38,1 43.4 65.3 86.7 84.3

N DEC  40.4 32.9 44.6 67.1 89.6 83.6

o MO.  CY54 Y55 Y56 cY57 cYsa cY59

N JAN 82,1 71.1 74.6 87.2 73.0 70. 3

. PEB  80.1 70.9 75.6 88.2 70.6 70.2

- 8AR  78.9 70. 9 75.5 88,5 70.4 69,4

il APR  76.7 71,4 76. 4 88.2 69.9 71.9

o NAY  75.8 73.0 77.9 86.2 67.9 71.8

s JUN 74,5 71.7 78.1 87.0 68.0 72.1

.ovﬁg JuL  73.5 72.3 9.5 85.6 67.9 73.3

" AUG  72.5 72.5 79.8 84.6 68.7 72.6

n sEP 72,2 72.9 79.1 32.2 69.3 69.2

i 0cT 1.1 8.4 82.1 79.9 69.4 68.56

2 NOV  70.8 74,1 8u. 6 76.0 70.6 68.6

o DEC  70.8 4.7 86. 3 73.5 70.6 68.5
{Qﬁ
N
AN
o SN
o
N
R
3
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CYS60
67.9
68.7
67.9
67.9
63%.5
63.7
6643
66.3
66.0
66.8
66.0
65.9

CYé6
91.6
90.2
90.6
90.0
90.9
30.1
92.7
94.2
92.0
93.3
93.1
93.1

198]

CY6 1
66. 4
65. 4
66.6
67.0
67.5
67.0
67.1
67.8
70. 2
70.5
72.2
72.6

Y167
92.6
91,4
92.3
93.2
92,2
92.0
90. 3
90.7
90.2
90.0
89.5
90.4

Cci62

1.9
74.0
75.0
75.1
76,1
77.0
78.6
79.5
79.3
79.7
79.8
80.1

CYe68
89.1
90.4
89.0
86.3
87.7
88,7
88.1
86.6
85.8
84.5
84.3
83.7

CY63
84.8
84,2
83.6
82.7
80.5
82.4
83.0
83.5
83.9
83.5
82.1
82.9

CYe9
83.5
82.7
84,1
83.5
83.06
82.1
82.5
82.3
82.7
82.1
80.)
78 .1

cYed
82.3
82.8
82.6
82.9
83.3
82.0
80.6
80.4
80.3
80,3
81.4
81.0

CY70
76.0
74.6
73.8
73.0
69.3
69.3
9.3
68.2
67.5
65.6
65.8
65.9
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CY65
81.4
80.9
80.9
81.4
83.3
82.9
83.4
83.8
84.38
36.5
87.4
RB.4

cIMm
64.8
63.5
62,5
61.7
63.4
63.4
63.1
63.4
63.8
85.1
63.5
£3.6
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M0.
JAN
FEB
MAR
APR
MAY
JON
JUOL
AUG
SEP
0CT
NOV
DEC

MO.
JAN
PEB
AR
APR
day
JUN
JUL
AUG
SEP
oCT
NOV
DEC

cY72
64.6
64.8
66.1
67.0
67.1
67.5
67.4
66.3
67.5
668.7
70.6
71.5

cY78
73.6
72.8
76.4
77.6
78.0
78.6
79.6
80.6
82.9
83.3
84.7
85.5

Octobkar 27,

1983

CcY73
71.7
73.1
73.6
72.8
73.5
73.9
74.7
75.0
75.0
75.3
76.4
76.3

CY79
85.8
87.2
87.4
86.6
87.4
88.3
89.0
88.8
39.9
92.0
92.1
91.9

CY80
90.9
91.1
90.7
88.5
86.1
85.6
85.5
84.5
8u4.2
84.5
85.0
85.0

CcY?5
72.1
69.J
69.1
68.0
71.7
73.1
73.5
73.3
73.1
70.3
71.3
71.9

CY76
72.4
72.1
71.1
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Appendix C
ABROSPACE CAPACITY OUTILIZATION GRAPHS
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