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The stargeri ng co ts ,)f i'i)d rn weapon Psit , n. i ; r ,
search for more Pconomi ca I lethoisd, )f weapon pr'-'ri rl~qe. Mary -

establishment critics nave touted increasd rp iance on cco
bidding and dua -s o rce product i o, as method; to redu ce C! S
Lieutenant Col ,nel IHam)ton's study addresses tis important sbject.

Lolwoa-l-Hampton proposes i ,Scoun td cash f1 w investment '1:).
the appropri ate framework fr ri, lyz i ng the co,;t-e f fect i v - e
developing a second source durinl the production phas, of a ;na]',r " .'ap"
system acquisition. lie otlins the factors and ino acts tha .
considered in second-source analysis and rpiews s , .
program-specific analyses to detelrmine if all fart,)rs and 4 e
considpred. Finally, he proposes a discounto, d -a-,- flow i r. e-''I")t
model for second-snj rco product ion analyses t ,,O ep "n dc iI,- tnf,
.)robability that government investmrent in norcrr ng cost .q P e
recovered.

We believe ColoneI Hampton's f ind in(; i mp rtant i "Ir

continuing attempts to rationali7e weapon systerms ,r.curement. At o:
everyone may not agree with hi;- propos.Is, rolonel -H anpton's !
provides a significant challenge to thoe wh nave 3pproac.ned tne
subject in a less thorough and sys ematic manner.

OONLD i) . S TEVNS, Colonel, IS5

Vice C ommander

Center for Aerospace 0octri'r
Research, and Edu cat ir
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CHAPTER I

INTROI)MCTiOl TO SECOND-SOIJRC ING

Capitalism has given the United States the highest, standa',, 7

living ever achieved by any society in the world. The basic ter.; rf

capitalism include private ownership of the factors of product i n -n
prices, production and the distribution of goods being deterrij,,,, ,

competition between enterprises in a free-market system. These r
stimulate technological innovation and drive prices down as ore

entrepreneurs enter the marketplace in anticipation of earning , i

a return on their investment in the factors of production, and ,- -,warl
for their risk taking. Yet, in fiscal year (FY) 1982, 58.9 oercent of
Department of Defense (DOD) procurement dollars and 65.8 percen, of Air

Force procurement dollars were expended noncoiipetitively. And of rne
total FY 1982 procurement dollars expended, 25.6 percent of DO) doMlirs

and 48.6 percent of Air Force dollars were noncompetitive follow-on
production contracts. Because of these apparently high percentages anc
the high costs of today's weapons systems both in ahsolute cost and tne
overruns that are incurred, the executive and legislative branches are
applying pressure to increase competition in the prnduction phas of tne
weapons acquisition process with the hope of reducing system co'rs and
improving system technical performance.

Research Questions

This study explores dual-sourcing as a means of increasingi

production competition and provides an analytical framework for

assistance in making dual-sourcing decisions and budgeting for weapon
systems that will be dual-sourced. Dual-sourcing during prodjction

exists when two or more firms are capabl- of furnishing gnve 'r,, et
requirements with contract award determined by price, either thrown
split-awards over time or a competitive buy-out.

To accomplish this objective, the primary research ci estion

guiding the study was:

What analytical framework is appropriate for estimating, a priori,

the costs and benefits of dual-sourcing weapons in production?

In answering the primary research question, three sibS'jiyr!
research questions had to be answered:

What factors must be considered when measuirin(j dual-source avi n s
by quantifying its costs and benefits?

What ex post (after the fact acaTh ni and c n tant studies
been accomplished qlanti fyi ng th r,,ts an, borief I Is of 1,1.l -mj i'' ,

and what predictiy, methods havw tnor, *lovloPep! f jr ox ante "' efere '
fact) use'?



How have military system program offices and comptrollers estimated
ex ante the costs and benefits of dual-sourcing?

Chapter 2 addresses the first subsidiary research question and
identifies cost and benefit factors that must be quantified to estimate
the net cost impact associated with dual-sourcing. Chapter 3 reviews
and critiques previous studies by both the academic and consultant
communities which attempt to quantify the savings on weapons systems
that have been dual-sourced, thereby answering the second subsidiary
question. Chapter 4 treats the third subsidiary question and reviews
internal government studies relating to the dual-sourcing decisions for
a sample of programs. Chapter 5 discusses a proposed analytical
framework for making initial dual-sourcing decisions and subsequent
dual-sourcing budgeting decisions. Chapter 5 also discusses how the
framework should be used in DOD decision-making and the implications of
the findings for acquisition management personnel. First, however, the
balance of this chapter differentiates competition from other
acquisition concepts, reviews the stages of the acquisition process,
discusses recent pressures to increase production competition, anl
briefly surveys the competition literature. It also identifies the
reasons why a high percentage of Air Force procurement dollars are spent
noncompetitively and sets forth the circumstances under which costs can
be avoided by dual-sourcing weapon systems.

Com_petition and Formal Advert ising

Maintaining competition in the acquisition process by retaining two
or more viable producers as long as is economically beneficial is the
goal of Department of Defense procurements1 ; formally advertised
procurement is the preferred method to maintain competition. 2  Here it
is useful to draw a distinction between formal advertising and
competition because sometimes there is confusion in the usage of the
terms.

Formal advertising and negotiation are two concepts grounded in
public law. Formal advertising is a procedure whereby the government
develops detailed specifications for a requirement, publicly issues an
invitation for bid (IF13), provides adequate time for bids to be
submitted, and specifies an exact time and place at which the bids will
be publicly opened. Bids are evaluated as to compliance with the strict
instructions of the IFB and the contract is awarded to the lowest
responsive responsible bidder. This is in contrast to the concept of
negotiation, which is defined in law as any method other than formal
advertising. Negotiation is more flexible than formal advertising since
ongoing discussions regarding the project's technical and cost
parameters can take place prior to contract award.

3

Competition can exist using either the formal advertising or
negotiated procedures. Figure 1-1 illustrates the percentage of dollar
awards to competitive and noncompetitive procurements. Competitive
procurements include both formally advertised and competitively

2
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negotiated contracts and account for 34.3 percent of dollar awards.
Noncompetitive awards are those where only one source is solicited or
the award is made noncompetitively as a follow-on to either technical or
design competition.

Semantic confusion often results in the error of equating
competition with only formally advertised actions. For example, a 1978
Rand study quotes Senator William Proxmire: "Of all [OD] procurement,
only 11 percent is competitive." 4  What the senator reported was only
the formally advertised percentage of procurement dollars. And in 1183
Senator David Pryor stated "It is nothing short of shocking to hear that
competition at the Pentaqon is limited to only 6 percent of total
defense contract dollars."? Again, as can be seen from figure 1-I, he
also has equated competition with formal advertising.

Weapons Acquisition Process and Comp et ition

Four separate stages characterize the weapons acquisition process:
concept exploration, demonstration and validation, full-scale
engineering development, and production and deployment of the system.
One must have ar understanding of this process and how competition is
generated at each stage in order to (1) understand why there is a high
percentage of noncompetitive contract awards, and (2) why there are
increasing pressures to develop competition in systems procurements.6

The first three stages--concept exploration, demonstration and
validation, and full-scale engineering development (FSEI))--comprise the
research and development (R & 0) phase of the acquisition process. In
the concept exploration stage, mission needs or requirements are
identified and potential alternate systems design concepts to satisfy
identified needs are evaluated. Performance and mission envelopes
!capabilities) and operational concepts are committed to paper and
sometimes prototype hardware is developed during the second
(demonstration and validation) stage when the best technical approach is
selected. This is followed by the FSE) stage during which firm
Pngineering drawings are drafted, production processes and procedures
,ieveloped, and engineering data lists compiled. Finally, the production
and deployment of a weapon system is accomplished from the detailed
design data developed during the R & D stage.

Figure 1-2 nominally depicts the hudget profile of a typical weapon
system acquisition by process stage over its program life. 7  As each
stage of the process is accomplished, technical and cost uncertainty is
progressively reduced. This results from the establishment of the
technical performance baseline of the system and a closer definition of
design characteristics and production costs during each successive
stage. For example, during the concept exploration stage, different
systems concepts such as missiles and bombers vie for selection to
accomplish a required mission. Alternate subsystems for a selected
system are generally evaluated in the demonstration and validation
stige. During full-scale engineering development, design changes can he
Made to the selected subsystems. And engineering changes are the only
changes usually made in a system during the production stage. 8
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We will now briefly review the evolution of the contractor
selection process as it relates to the acqu isition process in order to
identify factors that have led to a significant percentage of
noncompetitive DD contracts be ing awarded. 0

Evolution of Sole-Source Procurements

Before the turn of the century, formal advertising was the most
Frequently used procurement method. In-house arsenals developed
detailed specifications, which allowed private enterprise to bid firm
prices against the detailed specification package.

Weapons gradually became increasingly complex and the system of
in-house arsenals was partially dismantled after the turn of the
twentieth century. Therefore, with no definitive specifications--for
most aircraft procurements for example--the government negotiated
contracts on a sole-source basis. In 1q26, in an effort to stimulate
both the technical development of aircraft and competitiQn in their
procurement, Congress passed the Aircraft Production Act.lU This act
authorized design competition in the procurement of aircraft and the
purchase by the Air Corps of desiqns completed by competing contractors.
The Air Corps in the 1930s went beyond the concept of design competition
and began asking competing contractors to submit a full-scale flying
prototype of their design. The prototype was requested to correct the
problem of unproven technical ideas beinq submitted during paper design
competition and subsequently developed aircraft being much different
from submitted designs.

The technical complexity of systems continued to increase during the
1930s to the point where the costs of prototype development and the
exigencies of World War II discouraged the development of prototypes.
For example, Merton Peck and Frederic Scherer, writing at the Harvard
University, estimate the prototypes in the early years of military
aviation cost as little as $6,000 to $10,000. By 1q39, however, this
cost had risen to S600,000 and by the IQ40s averaged several million
dollars each. 1 1

The costs of prototype development increased after World War II.
7or example, initial jet fiqhter nrototypes in the ]Q50s cost $10 to 2n
million, a cost that the Air Force felt was too much to spend on
prototyping. Consequentl y, the emph as i s shifted from prototype
competition back to design competition.

Technoloqy continued to develop at an increasingly faster pace
after the Korean War, as did the perceived mil i tary threat to the
nation. The United States capital ized on state-of-the-art hiqh
technology to counter the threat. Feasihil ity studies of the basic
Underl vi ng scienti fir concepts Dreceded the design of the system.
ManaqPment competition was the answer, to these new technoloqical deve-
1 onments the r-o t of parallel s/yst .ins desiqn hoc in increasingly
expensive. U ndor manaqement cnmpef. i ti on, the cf)nt.r(.to r slbm its the



general technicalI ant organizat ional approarc1h hef wi I It jce i
the feasibilIity of a qiven technologly. The, )esf, sj, Is; i n di". h

competition is chosen as the development contractor.

Coupl1ed w iLb tt, Ja opiri~j echnica1 l i1v~jn(- b rflhi r.1h rr
this period, the launching of Sputnik by the, Russians in 1'), cr-jt.,,t.
sense of urgency to decreaseP the developriental timne dsSOC1 .3,'w
major weapon systems. One congIressional report t,1(1rred to tnl;)-,
by saying:

If the Pear] Harbor ittack uin if i I th is n at i o-;
mobilIi zed i ts peoplIe f or Wo rlId W ar I I, Sputn i K was
electri fying event of simi tar impact, for i cold war decale
iiss ilIe and sp1)a ce dlevel1opoieIn t. i t sePr ved t o mob iIi z e 'IS
science and technology througyh the creatLion of new ajenc 1 -,
and of fices, subs id ies to higher eic~(ation, space ven-tijrec,
which led finally to a triumnphant landing on the noon, n,!
defense efforts which greatly -xpanded stratgi focsL

deterrence against nuclear 4ar. I

P rocurements du r i ny fb is- per iod (jenerated tne l arge cost ovorr ins
of the 1960s and led to a gjenera I conce rn by the Congress tea- 2 te
acquisition process. D~r. John Foster, Director of Defense :esePjrch and
Engineering, in testifying before the Congress, stated how the exis-iri-j
national situation and a concern for weapon system develonrient t -le
created the problems of the 1960s.

Certainly we came out of the fifties ,qith a prjctice that
in fact arose from the national situation. Yoli 'diIl reca'l 1 e'
were faced with an al leged 'i';si le gap ." We thougot wqe hal a
strategic pro)blemn on our bands and were forced to develo)p
weapon systems that had not been thoroujghl1 engi nre(Pd and
risks removed. These were- not representative of f she itate a
the art. The art bad to be put together and produ ,:ed. There
was at t ha t time, a girea t teal1 of deveo plneot-p rodtictijon
concurrency. It was base-d nn a feIlt need, and policies tal
be flexible, enough to 'eet thait Kind of practice.' 4

n I, concern for Ie-arl t, i ie r', i Iet, in (,ve(Iri a cquisition
c ha nge s. Tim ecpfjs wertI coi;rfIs tnromugh the uise of concu rr-n y.
Product ion c ye r apped he vet opment a r1,i iep) I )y-iien t overl a pped n
devel1opment and product ion. 'C ras h pro r)4ramlls were instituted.
off ices were created with aujthor it to coiminil toe neee r sou r,,,,
s ys tem d ev e n 'g't a nd to r onwl, n 1 c a te P ~ i ck 1 v th rou~gh ;st r e 3''m
channels with hig(lher echlns. "it

Peck and Scherer, in tbem ir hef initivo, '4. ely oeferr,-.i t : -~ i

f ou nd t ha t dijr inq f, i '; pe riod o f t ni ",i~, i n' j , t ne ~c tiIr



weapons systems varied fron original estimates hy a factor of 3.2;
developmental time was 1.36 times longer 1,han forocast; and the
performance levels of developed systems rangeid ftrOin . to 2 tines
projected levels. 1 6  They attriut i these results to technological

advances which created uncertainty at the outset of the program, the

sense of urgency which existed during the missile race, and the
conconi tant lack of regard for program cost.

In 1961 Robert S. McNamara became secretary of defense. The
perceived "missile qap" was found nonexistent, and he attempted to place
as ;,uch importance on cost as the time factor in the acquisition of
.qeapon systems. I)ne of his innovations was total package procurement
(TPP), a contracting method in which the contractor agreed to develop a
weapon system which met required performance specifications at a given

cost. According to McNamara, TPP would broaden competition and reduce
the use of cost-plus fixed-fee-contracts.1 7  It also shifted major cost
risks to the contractor for developing state-of-the-irt technology.

The C-5 aircraft was the first major program to he procured using
tine total package procurement acquisition method. Contracts were
written early in its infancy on a firm-fixed-price basis. However,

aecause cost was locked in too early in the procurement process,
Lockheed almost went bankrupt and the structural integrity of the C-5
wing is such that it is currently undergoinq a major wing modification.
Total package procurement as a concept died after this experience and

the use of cost-type contracts again increased with technical

competition being the primary selection criterion.

Types of Coinp-et it i on

This rather terse review of the evolution of the systems

acquisition process reveals that as systems became inore technically
complex and expensive, the selection of system contractor was made on

technical considerations early in the acquisition process to minimize
tae expenditure of time and development cost. Stated differently,
program managers selected the winninq contractor as early in the process

3s poss'ble to minimize the costs of koepin, two contractors involved
t roulh FSEID.

These trade-offs between time inI com;t ire sOt.,ant ial because the
level of research, development, test, and eva luat ion (RI) I ,E )

expend i tu res on a jaor p rogram is h iq. or e amp I t a; shown in Tahle
1, CoI;irn -4, the est imated base-year ';)l costs for the A-li) at source
selection were budgeted at ?A1 .1) 'i I lion in FY i!: dol l.ars. The !-N!
program baseline RI)TE costs were st.Ji,nated at 2. )3 hillian in FY I.',
-fol lars. Competition stritegy t'r the A- I) ivol vd a pr)ototype
compietition hetween the No rt.hryli) A- 4 1rid irch I 1i A -lo with tie snirco
c. '1oction heing made it, tlh, hlinin n,1 of ", i I f r o t ition ha i he n

co)t inue int.I FN d i or the A- ' r -e e e, , r g iv -, , ! I M t','! "

I il !lave he rn Pn v r i biuhor. It 'I- 'h W, ,¢1 'm;t , ii rotr,ili'; I



snown in Table I-I have used a simi lar sL,-,itegy Io s,-prt Ic e
sole-source contractor at initiation o f FS J to i nimize jp-frJnt
development costs.

While competition was used to select the winnnj coltrad -,r in

these programs, a distincLion must be made between price ano tl
competition. As is shown in Column 7, MDTk & :xpendi.i r, s .s
proportion of total acquisition costs range from l low of 5 pe, r

the F-16 to 39 percent for the L-3A aircraft in hbae-year dollar-1. r

considering that total RiLlFi expenditures include full-scale env.

development costs, source, selecti')n was made in the F-16 pr,--, i-
less than 5 percent -f program expenditures made.18 Examni ne" l- '
way, competitive price pressures for the production stage the

acquisition were remnvod hased on technical competition with less Totn 0

percent of program expenditures incurred. Si ilI Fir inferpnces ,n
made with data for other programs listed in the Tahl . And Lecau;, of
the technical and cost uncertainties remai in ng :the profJr:n, tn.' ,  5
an inabi lity to lock in ,ontraOt;a ly it the sr-FS) stqe the hr.n, i

of competition for prici n ot wnapnns i n proluct inn.

Exploring the distinction Altwe-(en technical and rice cometition
more closely, figure 1-3 relates types of competition with the ;ta;C' of
the acquisition process. Early in the process, naper, mnaaqe--t, -ol

prototype technical competition r-, I t.e tpconC

uncertainty, production costs cannot be estimated witn any de re, of
confidence and contractors are unwi 11 i ng to enter into fi x,1- ,P
product ion cont ractua I arrangements. Acorli ng i , the (lovernment t
cost-type contracts and bears t.he ris1k of cos! uncrtainty. As ; 1 ste,
characteristics and basel i nes became fi r ner use of fi xe -Dric
contracts and price competition increases.

The Office of Federal Procure,7iment PoIicy states that competition

can involve evaluation of new ideas, productivity improvements, P,4
products and cost factors, as well as a firi"h technical and -anale""',.
abi Ii ty . 1 Paper, manaeionr rt ifid i)rototvpe corip.ot itions have a'a ,/

been discussed and it was u, ,'I n Lh,t sourc, selection ui, i t', I

methods was ,ased on technical cnmpetition. A oDrief descriptio'i of

the types of price competition is qiven to i lIlstrate their use to
stimulate price competition, either sirularly or in combination, dsrnq
the production stage, whilo eliminating some of the drplicate-. '-rt
FSEI) costs.

21

F ec-h-n-ical - -data Pack aj_e (h JP

The TD)P is the technical desc r pti) on of an i .ideluate for

procurement. This description defines the reluiner design con i A "
and assures adequacy of itrem er- ,rlance. J ovi des toe P,, '1

aqainst which contrartor,; can shiii fi r'n-f ,-pr, hi is.
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Form,- F-it-, and Function -(F-3)

The form, fit, and function (F3) method is the description of
nilitary equipment by performance characteristics. The equipment is
described in terms of output, function, and operation. External
configuration, mounting provisions, or interface requirements Iay be
included. Rut details of design, fahrication, and internal structure
are normqally left to the option of the contractor.

Leader/Follower (L/F)

The leader/follower (L/F) method is an acquisition technique under
which the developer or sole source producer of an item or system (the
leader company) furnishes manufacturing data, assistance, and know-how,
or otherwise enables the follower company to become a source of supply
for the item or system.

Sducat i ona-l Buy

An educational buy is a contract to provide a firm the opportunity

tu learn how to manufacture limited production quantities of a military
itemi of equipment in accordance with a government TIP. Normally, the

pirpose of the method is to generate a competitive second source for an
item which has previously been bought noncompetitively.

irected Licensing_

The directed licensing method is akin to leader/follower in that

the leader provides data and assistance to help a follower become a
qualified producer. However, with licensing not only is assistance
provided but the developer (who may be the leader, or subcontractor of
the leader) is selling or renting something he owns (patents, trade
secrets, etc.).

Contr actor Team Arrangements

Contractor team arrangement, involve a prime contractor arrangement
where two or more companies form a partnership or joint venture to
compete as a potential prime contractor usinq their combined knowledge
and abilities.

CZoproduc i o~n

Under this concept two or more prime contractors develop or produce
d~fferent subsystems or major commponents of a weapon system. They then
transfer learninj to the other contractor and both compote against each

other for contract awards.

1?



Component 3reakout

Component breakout is the process of dividing an pnd iY ni i
component parts so that the component- may he purchased di -oCt I
manufacturer rather than from the end item priri cont racty-.
'Icomponent' includes subsystems, assemblies, s'hassemlies, an e

parts.

Corqupet it ion Savi njs

These met-hods can be used to st imi late price conpet i -r, 1

possible cost avoidances during the, production of weapons. An ,.n: .
should help the reader visualize how this is acrnmplished.

The budget profile in the typical progr-wl includes all nonrec;,r-ing
costs such as development and tooling costs. It also inc" ides
recurring or variable production costs. A typical proqram total cqst.
profile reflecting these costs over time is nominally shown in fi-jre -,

and reflects early selection of the prime contractor based on techn:ai

Cumulative

Cost

C

FIGURE 1-4. ' iQ tivo 0 rl'i ';st



competition with a sole-source production follow-on contract. This
graph represents the algebraic summation of total program expenditures
for a given program over time as reflected in figure 2.

Assuming that price competition in production is desired after the
design of the system is accomplished by the sole-source contractor, a
second source could h developed using one of the variety of strategies
outlined earlier. This strategy requires a substantial up-front initial
investment to enable the second source to produce the item. These
investments ire usually made with the anticipation that out-year
recurring exp-nditures will be reduced enough to offset the additional
investment in developing the second source. The situation can be
depicted as shown in figure 1-5. Cn reflects the total cost profile for
noncompetitive production procurement and Cc rpflects the competitive
total cost profile. Cc is initially above Cn which reflects the
increased up-front funding required to develop the second source as
shown by its intercept on the Y axis. Cc eventualy intersects Cn
because the recurring costs in the competitive situation are less than
in the sole source situation as reflected in the slopes of the total
cost curves. The area between Cn and Cc where Cn lies ahove Cc reflects
cost avoidances to the government. It is this area that previous
studies have attempted to predict hy quantifying the up-front investment
and the reduced recurring program costs.

Cumulative
Cost

CN

TimO

FMIURE 1-5. Cumj1ative Proqram Cost

14



Del imi ts

Several previous studies have attempted to qjantify the rosts nd
benefits derived from dual-sourcinq by examining program data e 4,"ct
to determine the impact of introducing competition into the prnd, ctcq
phase. This study is delimited to the dual-sourcing decision of w, ap,)ns
in production for three reasons: first, because of the high percentage
of procurement dollars spent noncompetitively for the productio'1 of
weapons; second, increased pressure to secure competition in production
is developing, and third, many studies have been published which use
different methodologies to arrive at different conclusions when
analyzing the same dual-source procurements.

We have already alluded to the first of these reasons. The initial
two stages of a weapons procurement in most cases involve, technical
competition as two or more contractors vie for selection of tneir
technical concept by the government on the basis of its technical merit.
In contrast to this process, which is coded as competitive negotiation,
the majority of follow-on production contracts are a4arded
noncompetitively. Therefore, to increase competitive aqards, more iist
be known about the largest noncompetitive award category and
noncompetitive follow-on procurements.

Secondly, legislative and executive branch pressures are being
applied to increase production competition. Finding 19 from the 1973
Project Ace study done by Air Force Systems Command stated "Second-
sourcing to preserve competition and reduce cost is not being utilizei
in all appropriate instances.'L More recently, on 2 March 1981, Depaty
Secretary of Defense Frank Carlucci initiated his Acquisition
Improvement Program by chartering five working groups to make
recommendations on improving the acquisition process. On 31 March 1981
the working groups provided their recommendations to Carlucci, who
published his 31 initiatives on 30 April 1981. On 27 July 1981, hie
added the 32nd initiative--competition--specifically referring in part
to second sourcing.

The President issued Executive Order 12352 on 17 March 19 32
directing agencies to develop criteria to enhance competition and limit
noncompetitive actions. In response to the executive order, Secretary
of Defense Casper W. Weinberger, in a 9 September 1982 memorandu,:
stated:

The Department of Defense components are to place maximum
emphasis on competitive procurement. . . . All personnel
involved in the acquisition process from the first
identification of the requirement through the xc~jtion of the
purchase should recognize this responsibility.

President Reagan reaffirmed his emphasis to the heals of departmients ~d
agencies in an II August 1983 memorandum, 41hich stated in part:

Numerous exdmples of waste and exorbitant costs due to lhe
lack of competition have been detailed by the Congress an( '.ro

15



press during recent months. Although efforts have been
initiated by this Administration through the Reform '88
Management Improvement Program to correct this lonq standing
problem, I am convinced that more needs to be done. 21

He directed that the Office of Federal Procurement Policy issue a policy
restricting use of noncompetitive procurement practices.

The Congress has emphasized dual-sourcing in recent legislation.
In its DOD appropriation legislation for FY 1984, the Congress directed
that the Secretary of Defense submit to the Congress prior to the
initiation of full-scale engineering development of any major weapons
system, either:

(a) a certification that the system or subsystem being developed
will be procured in quantities that are not sufficient to warrant
development of two or more production sources, or

(b) a plan for the development of two or more sources for the
production of the system or subsystem being developed.

24

Additionally, legislation has been introduced into the Senate (S-1904)
which would require the Defense Department to increase the amount of its
contract dollars awarded by competitive formal advertising by 5 percent
per year until 70 percent of all awards are competitively bid. The
c jmulative effect of these actions indicates the President and the
Congress are serious about more production competition through dual-
sourcing. Consequently, the Department of Defense must better
understand how to budget for procurements that involve dual-sourcing.

The third reason this study is delimited to dual-sourced production
procurements is that many existing studies outline various methodologie s
available to quantify the costs, benefits, and budget profiles of dual-
sourced procurements. When these studies analyze the same dual-sourced
procurements using different analytic methods, they develop different
savings estimates. More important, however, is that none of these
studies of several dual-sourced programs has identified a consistent set
of cost and benefit relationships existing between programs. Some
programs cost the government more as a result of dual-sourcing while
others cost less. Something must he done to clear up this confusion.

Program managers and budget personnel must better understand the
impact of dual-sourcing on their time-phased budget so they can balance
the increased emphasis on production competition with the uncertainty of
its results. This is particularly important in light of the fact that
budgets for each weapon system are done by program on a one-ycar hasis.
If the estimates of the budget profile are wrong, overruns could occur
that would lead to severe congressional and public criticism.

This chapter presented the research questions, and differentiated
between the independent concepts of technical and price competition and
how they are used in the different stages of the acquisition process.

16



It also identified technological and cost uncertainty and the high cost
of developing weapons as the major reasons why sole-source a,vrds
account for a high percentage of the total dollar value of contract
awards. Moreover, as was also seen, the executive and legi' ;- 11 v
branches are exerting pressures to increase price competition ,lurlnq
follow-on procurements through use of one or more of the techniques
described. Finally it identified the confusion of equating formal
advertising with competition.

Chapter 2 will identify the costs and benefit factors that -nust ne
considered in a dual-sourcing decision.

17
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CHAPILR 2

PRICE COMPETIF[ON: COST AND BENEFIr FACI)lS

As stewards of the taxpayer's dollar, acquisition persornel v ,
concerned with the prudent expenditure of public funds. A declsic;n to
dual-source a weapon systein luring production results in add 
costs and potential heneftits to the government. If the decision is a!,
on the basis of cost reduction, these costs and benefits 'vs :e
quantified. They could then be compared to an estimate of what te
sole-source price would probably have been in the absence of co'-"1-"it on
to identify the least-cost method of procuring the weapon systo, . 1r
if competition is instigated for other reasons, sulch as enhan,-inqo the
production base, consideration of the costs and benefits . I i ei nance
the accuracy of the time-phased budget profile projections. They '-list
arso be used to evaluate studies that estimate the cost i,-Pact o
competition on dual-sourced programs. This chapter presents a tawonomy
of potential costs and benefits that, depending on dual-soujring
techniques chosen, might have an impact on weapon system cost and ijst
therefore be considered in the dual-sourcing decision.

Cost and -Beriefit Elements

In his classic analysis of the weapons acquisition ;)rr>s;,
Frederic Scherer of Harvard University pointed out potential copett on
benefits when he noted that recurring cost- in t he '.,urId W3r I Tt . r
program were lower in competitive as compared to noncompetitive
procurements. In contrast, he states that recurring costs for Aorl
War 11 fighter programs were higher in the competitive situation than
were sole-source procurements. He also concludes that competition is
not approoriate in all situations because of potential costs of .1l-
sourcing.

Scherer identifies the potential cost in t-ansferring learning fr-e1
the original produc, r, usually the developer, t the second soul,-c .
Another cost occurs because of the learning phenoienon, a cost advartiq,

accruing to the original producer. He also states that econoqips-of-
scale can be upset by splitting orders and also by a company puttin 9 its
best personnel on other programs. He notes the costs of additional
tooling for second sourcfs and also that they ,might change prodicrion
tolerances from those of tne original producer, thus (I1 coinplicaing
the problem of field maintenance and (2) increasing logistics su;~ocrt
costs.

Scherer irdentifies many pertinent elements that mist be analzre
when considering dual-sourcinq ti obt3in reduced costs throjgn :,rce
competition. He does not, however, orovid(e an eXhalstive cate)-izat -
of then or the statistical tre atn,,,nt required to -,)tain statitiV.!]
significant conclision , hoth of which are rec,,',.iry to idcnt1F,-
t-tal impact of dul-sourcing.



The impacts of dual-sourcing can be identi :,,' as those that can he
wiantified and those that cannot. Moreover, e quantifiahIe impacts
can be divided into nonrecurringj, recurring, other cost and profit.
Figure 2-1 depicts each of thesr categories and the specific elements
that must be considered within each category.

Each element will not impact equally on all competitive dual-source
procurements. For dual-source competition to be implemented, two

criteria must be satisfied. First, the weapon system description must
be detailed enough for potential contractors to know exactly what is
needed by the government. And second, there must be more than one
contractor capable and willing to produce the weapon system. Weapon
system complexity directly affects satisfaction of both criteria and in
part determines the exact impact of the elements listed in figure 2-1 on
a specific program. Moreover, the technique chosen to implement dual-
sourcing will also affect these costs. A detailed discussion of each
element will more clearly focus on the variable impact each can have on
different Programs.

Q u an ti f e i pa b le _Ip-a-c ts_

Nonrecurrin Cos ts

The government incurs one-time, up-front nonrecurring costs to
develop the second-source capability to produce the weapon system
designed by the developing contractor. These costs include selection of
the second source, its subsequent technical development, and other
possible costs.

Second Source Selection. Source-selection costs are incurred by
both the government and the contractor. They include the expense of
preparing and responding to a request-for-proposals, evaluating the
submitted proposal and accomplishing pre-award surveys of the second
source to evaluate its ability to produce the weapon system.

The Air Force does not systematically collect data on its own
overhead expense for accomplishing these tasks. However, costs include
administrative salaries, travel expenses, and miscellaneous expenses
such as printing and facilities for both issuing the request-for-
proposals and evaluating proposals during the source-selection process.

The costs associated with contractor bidding and proposal expenses

are identifiable. DOD cost principles allow recovery of bidding and
proposal expenses as an overhead expense. As such, they are allocated
across all contracts in the plant (or other profit center) in accordance
with company procedures specified in their Cost Accounting Standards
Y)isclosure Statement. 3ecause of the allocation process, some bid and
proposal costs will he paid for on other government contracts included
in the allocation hase and mjst he identified in the dual-sourcing
decision. More wi 11 be said about tho impact of the costs of one
pr gram on other government programs later in this chapter.
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Quantifiables

Nonrecurring Costs

" Second-Source Selection
" Second-Source Development

9 Technical Data Package
9 Special Tooling and Test Fquipment
0 Technical Transfer
9 First Article Testinq

• Contingent Liabilities for Undepreciated Assets

Recurring Costs

* Cost/Quantity Relationships

* Production Rate
" Learning Curve

9 Contract Administration Costs

* Technical Data Update

Other Costs

" Company Funded R&D
" Spare Parts
" Overhead Impact
" Logistics

Profit

Nonquantifiables

* Product Quality
* Cooperation

" Technical Transfer
" On-Going

* Time Delays
* Claims and Performance Failures

Figure P-1. Cost and Bonefit finpa ,;, of Dual-Sourr inq



Second Sou rce Dev~efl_ment. The financial commitment by the
government to develop the second source usually involves the preparation
and validation of the technical data package and its transfer to the
second source. It can also include the cost of special tooling, test
equipment, and first article testing.

The government pays for weapon system and manufacturing design
during full-scale engineering development and, except for products or
processes developed at contractor expense, owns rights to the technical
data that it has paid to develop. However, the design and process data
are usually dispersed throughout the contractor and subcontractor
facilities and are not readily dccessible for transfer to a second
source. The government must pay for collecting and reproducing this
data which in some cases can include 20,000 to 300,000 parts involving
20,000 to 30,000 drawings and an unknown number of processes.

A related data issue involves designs or processes developed by the
contractor at its own expense. Proprietary information is the property
of the developer and must be licensed or purchased by the government for
use by another contractor.

The technical data package must be validated to assure its

acceptability for production use. Either production by the sole-source
contractor or examination by an external activity can accomplish this.
For example, the Naval Avionics Center validated the data used for
second-sourcing of the Phase III user ground equipment for the Navstar
Global Positioning Satellite System.

The technical data package for less complex weapons might be suf-
ficient for potential contractors to submit bids on the required system.
However, in more complex systems, the potential second source might
require technical assistance from the system developer using the leader-

follower technique discussed earlier. This cost of technical transfer

would also be accompanied by additional costs to the government for
oonitoring the transfer process.

There must be a quantification of the costs involved in the second-
source developing its engineering and qualification models to
demonstrate adequacy of the technical package and its ability to pro-
duce. Also, any contract costs incurred to increase second-source manu-
facturing efficiency through education buys must be considered to the
extent their product cost is higher than if the product had been pro-
duced by the oriqinal source. Such cost differences could originate
hecause of the economies of scale of the original producer. More will
be said on this point later in this chapter.

Special tooling and test equipment is tooling and test equipment of
such a specialized nature that it cannot he used for any purpose other
tran that for which it was purchased unless it is suihstantially modified
,r altered. And where adequate pricp competition is lacking, the
qoverenrPt typically pays its ful I cost.- Therefore, to stimulate
c 4' .qt tion in fol low-on prociurmnents, the mowe rnment genera I ly must

0)r )vI 1I ome p tn p Dropospd second s )n rce

?)3



The quantity of government-furnished equipment requi red ,iepe.1j, T,
the size and complexity of the program, the nature of the equip,:ient, anl
the potential second-source contractor's equipment inventory. In most
cases, there is no requirement for an exact duplication o" t
sole-source contractor's equipment lists since the second-source
own some of the required equipment. And, as in the case of education
buys, these costs should not be considered to the extent they qould be
incurred to tool-up the original source to expand its prod:j on
capacity in the absence of dual-sourcin,.

Contingent Liabilities. Tie government might he contractually
obligated for other costs to the original producer. For exa- -e, to
encourage the developer to invest in efficient equipment, the cjov,_'nfent
might have guaranteed reii.bursement to the contractor if the contractor
was not able to depreciate the investment over a specified production
quantity. The existence of these contingent-liabilities for
undepreciated assets on existing contracts must be considered.

Recur ring Costs

Recurring costs are variable costs that occur (luring product on and
are dependent on the levels of production. Some are directly associated
with the quantity produced. Others relate to contract administration
and the costs for upddting the technical data package.

Cost-Quantit, Relationships. Costs of production can vary -ith
both the rat, , production and the ,witurity of the production orocess
as measured ',jy the cumulative quantity produced. The firn's production
function pecifies the production rate impact, and its learning curve
measure, the cost impact of a maturing production process.

Production Rate. The economic theory of production provides a
theoretical basis for studying the impact of production rate. The
production function specifies the relation between the quantity of
inputs, or factors of production, and the product or output tr.ey
produce. Each firm has a unique production function dictated by its
factors of production and the technology it uses to transform its inpits
into outputs. Hence if the efficiency of technology improves, more
output should be generated from the same level of inputs. Factors of
production include research and manufacturing equipment and facilitie,,
research and manufacturing labor', and management.

Exploring this concept further, the factors of production can ne
both fixed and variable. In the economist's concept of short-run, at
least one of the factors must he fixed and all others are free to vjrv.
In the long-run, all factors are free to vary.

For purposes of eximmplo, a ;sime i short-run sccnario where li , a
equipment, and huildinqs ire tixed nd labor is i variable input. As
output is expanded through additional labor inpots to tile fixed p! nt
and equipment, hence v)ryinq the preportions 1)tween these i npts
output is affected as shown by ne total output line TP in figu.: 2-2.



Total out ' ut increase-, uip to point r. However, the rate of increase
decreases between point 13 and C as, measured by the slope of TP which
represents the margi nal return or addi ti onal Droduct produced by
varyinq the proportion of one inoiit.

per
I flit

Fiqure 2-9. V ari able P roporti ons

The concept of di mini shi ng ret urns is more cl earl Y seen in the
I Ner hal f of f i ure 2-2 by refePrence to the average product (AP ) and
rnargji nal product (MP ) c urves. - oth MP and AP increase at f irst because
mo~re 1 abo r increases eff i ci encv. T hen out put decl i nes as peopl e heqi n
to get in each others way or there is nothino for them to do.
Theoret icallIv, at onoint D , marqgina I product act uallIy decreas es.

The marai nal oroduct of any qu ant ity of a vari abl e i nput depends on
t e s tate of technnl oqy and on the amounts and qual ity of the f ixed
i 'iut S. T f one f i rm had more ef f icien t f ixed i nput s such as higqh- tech
7anuf act!Jr inq equ i ment, mar ginalI product woul d be hi lher than a f irm
wi th ! der, I5 Ps oFf i c-i ent eqii i pnen t. F ven wi th such d if ferences, the
-- s ageq is- cl ear; namel v, af ter some pon nt i n ei ther cas e, to tal product.
wriul 1 orow at a < wcr raite and m argIi nal produrt wouil d di m in i sh.



The concept of marginal returns deals only with physical prr, i t.

Cost impact of diminishing returns is shown hy l noking at the f irm -r.,
curves. Depicted in figure 9-3 is a firm's total variable cost jrv
(TVC) derived from the production function. The cost and pror''" V

functions are duals of each other. That is, the cost function &. .J

derived from the production functinn and vice versa.

Total variable cost rises first at a decreacing rate indicatini the
higher marginal Product of the inputs, It then rises at an increa',-o
rate, indicating the decreasinq marginal product. The slope of TV" is
its marginal cost (MC).

These cost curves reflect only variable costs. The averag-e cost
curves (AC) must also consider average fixed cost (AFC) as denicted in
figure 2-4.5 As output is increased in the short-run, the averan2 cot
curve of a firm always declines to a minimum and then increases. The
magnitude of decline depends on the proportion of fixed to total costs.
If the proportion of fixed to total costs is high, the decline in
average costs is rapid. And to the extent that firms have Iif~erent
production technologies and accounting systems, cost changes .;i I be
different between different firms.

The minimum point on the averaqe cost curve represents the capacity
at which the plant was designed to produce efficiently. Production
at a rate either hiqher or lower than the minimum is accomplished at a
higher average cost. How much higher is reflected hy the slone of the
curve which, as already stated, is unique to each firm.

.10
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Studies of the acquisition process have identified the cnst impacts
of production-rate changes. The Defense Science Board in its 1977
Summer Study stated that very low rates of production substantially
increase labor costs of airframe constr~ction and assembly, and fiqure
2-5 graphically shows this relationship. As illustrated a hypothetical

I nt

() ( I I!

Figure 2-4. Short-Run Cost Curves
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200,000-pound airframe produced at one unit per month has labor co~t
about 40 percent higher than the same airframe at two units per month.

The Affordable Acquisition Approach Study publihed by Air -7nrce

Systems Command in February 1983 studied 109 Air Force Systems an,.' 6,id
reports on the acquisition process. One of the study's princr;le
findings was that there had been a significant decrease in annual qeapon
system production rates. It estimated that a 30 percent reducti)n of
production for a hypothetical budget program for FY 83-38 could create
an increase in cost of from 6 to 14 billion dollars.7

Former Deputy Secretary of Defense Frank Carlucci initiated his
1983 Acquisition Improvement Program previously referred t) in
Chapter 1. Initiative 7 related to procuring economic production rates
to spread fixed costs over a relatively large number of end items.
Carlucci testified before the House Armed Services Committee that S2.3
billion could be saved by accelerating production rates on 18 projrans
as a result of this initiative.8 Some of the programs included the Navy
F/A 18 Hornet, Army's TOW anti-tank missile, KC-135 reengining, and the
Mark 48 torpedo. This estimate of savings was subsequently increased by
$86.2 million.9

The Army Procurement Research Office in a 1980 study reviewed
research on the rate of production over the last 30 years and its impact
on weapon system cost.' They conclude from their review of previous
studies and their own case analyses that the most important contributor
to increased unit cost under rate changes is an increased overheid
allocation.

In summary the economic theory of production and published studies
both point to a conclusion that production rate changes directly affect
the costs of producing a weapon system. Therefore, in estimating the
cost impact of competition, the effects of production rate changes rujst
be separately accounted for.

Learning Curves. Learning curves are related to total production
and represent a separate cost/quantity relationship that must be
examined. This concept was first written about by T. P. Wright in 1936
when he related learning curves to the aircraft industry.1 The concept
tends to show that as total cumulative production doubles, labor hours
required to produce an incremental unit are reduced by a constant
percentage, such as 80 percent. This reduction occurs as the
organization acquires a greater familiarity with required tasks, becomes
more efficient with tools and procedures, and improves internal
coordination until it reaches a plateau. Once this plateau is reached,
only production rate effects will change the product and cost functions
previously discussed.

Wright's original relationship was a power function of the forni:

YWh r a.b-X

Where



b -- the total production
labor hours required for the bith unit
labor hours required for first unit (is a constant)

x -- measure of the rate of learning

Transforming this model into logarithms you get:

log Yb = (log a) -x (log b)

This formulation is the equation of a straight line with slope
(-x). Using the transformed data, the logarithm can be plotted on
standard graph paper, or the untransformed data can be plotted on
logarithmic coordinate paper.

The learning curve can be developed using cumulative average hours
per unit or hours per unit as the Y axis and quantity produced as the x
axis. Neither model has been empirically validated as being more
advantageous. Consequently, choice of either model is at the discretion
of the analyst. However, several authors have noted that models using
the cumulative average formulation can be misleading because of the
power of the averaging process to smooth the data and enhance the
appearance of the curve. IY This is particularly significant when there
is only a small number of data points.

Other formulations of learning curves have been postulated. These
have been set out elsewhere in the literature and are considered beyond
the scope of this research. 13 However, we need to look at three points
regarding learning curves.

First, it is better to use labor hours in the formulation of
learning curves instead of labor dollars. Calculation of learning curves
using labor dollars includes the effect of changes in wage rates and
benefits over time. Unless adjustments are made to the data that
exactly reflect these changes, the true effect of "learning" could be
overshadowed. Using labor hours eliminates this potential problem.

A second point relates to the aggregation of the learning curves
for the individual components of product cost: for example,
manufactured parts, various subassemblies, purchased parts, and final
product assembly. Each component has its own associated learning
retated to the opportunity for learning discussed earlier. Similar
processes should be aggregated in order to increase the accuracy and
reliability of estimates and to facilitate adjustments for changes such
as production technology or product complexity over time.

A third point is that there is no agreement on a "fundamental law"
of learning such as the existence of an 80-percent curve. Conway and
Schultz conclude

There are significant differences in patterns of progress for
different industries, different firms, different products and
different types of work. . . . No particular slope is
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universal, and probably there is not even a common model. The
contention that such exists is most difficult to defend either
logically or empirically. 4

Others have concluded, after empirical study, that "standard rat*±s of
[learning curve] progress can be safely applied only at the company or
facility level until further research finds otherwise. "15  Moreover,
differences in accounting can lead to different results between
companies.

The important point of this discussion of the learning curve
phenomenon for this research is that it exists. That is, over ti,.e a
firm can reduce its cost of production in a potentially pred,-table
manner. However, any reduction must be examined on an irdividual nasis.

Contract Administration Costs. DAR 1-406 lists 72 functions to be
performed by in-plant government personnel. Some of these functions are
independent of specific contracts and relate to approval of contractor
systems. However, some functions are contract-specific such as
production surveillance, property administration, and quality control.
Contract administrators are responsible for monitoring the additional
contract provisions. Quality personnel must reject nonconforming
material. And property personnel must monitor contractor accountability
and maintenance of government property. Performance of these contract-
specific functions at a second source can increase government personnel
and associated costs.

Technical Data Update. A configuration control process must be
established to update technical data packages used by the second source
as engineering changes are made during production by the developing
contractor. The Air Force Management Analysis Group, directed by Maj
Gen Dewey Lowe, published its report in October 1983. It concluded
that one of the major reasons for, the lack of competition was tie
existence of outdated data caused by a lack of control of engineering
changes. 16  Configuration management seeks to assure the currency of
technical information held by the second source and its costs must he
considered in the dual-sourcing decision.

Other Costs

The potential cost and benefit impacts discussed so far nave
focused on impacts experienced during the production stage of to1e
specific program in question. Costs can also accrue to the specific
program in both its research and development, and its deployment phases.
And dual-sourcing can have an impact on the cost of other programs.

Research and Devel onpent _Costs. As discussed in chapter 1. the
research and development process is so costly that contractor selecti)n
is made early when weapon system technical description and exp(ected cost
are shrouded with uncertainty. Hence, source selection is accomplisoed



on perceived contractor technical approach and capability during early
development efforts when a small percentage of total program costs is
involved. Moreover, few weapons programs exist and producers fiercely
compete for these limited opportunities.

Many studies of the acquisition process have identified the
phenomenon of "buying-in," which has its origins in this technologically
complex, cost uncertain economic structure of the defense industry.

1 7

Buying-in occurs when a firm accepts no profit or incurs an
outright loss on the initial development contract for a weapon system in
order to put itself in a sole-source situation in full-scale engineering
development and production, where the majority of costs are incurred.
It then expects any losses to be made up by contract changes made during
full-scale engineering development or production.

Some companies have stated that if the opportunity to make up the
expenditure of their own research and development funds evaporates in
the production stage because of competition, they will no longer incur
these expenditures in anticipation of future business. For example, in
a letter to the Air Force regarding Carlucci's initiative 32 on
competition, Goodyear Aerospace Corporation acknowledges its buy-in
strategy and notes its strategies will change if competition is
introduced.19  Specifically, they state that their research and
development expenditures, which are usually amortized over the cost of
product hardware, will be reduced to fit a potentially smaller
aftermarket. Moreover, they note a similar spillover effect on
subcontractors in that subcontractors will also recover all development
costs on the initial buy instead of over the life of the program.
Finally they note a reluctance to stimulate capital investment for plant
improvement, machine tools, and test equipment. John Richardson,
president of Hughes Aircraft Corporation, echoed these same feelings
about dual-sourcing when he wrote, "Some contractors will reduce
company-funded research and development expenditures usually recoverable
over the cost of production articles."

2 0

The potential for reduced company-funded R&D exists. If a given
program's R&D is funded in part by contractors, and this funding ceases
as contractors perceive an inability to recover their expenditures, the
government is faced Aith the requirement for additional up-front funding
as a result of its dual-sourcing decision.

Spare Parts. A second area outside the production stage that must
be considered when evaluating a dual-sourcing decision is the impact of
the availability of data during weapon system deployment which would
allow for the competitive procurement of spare parts during weapon
system deployment. A June 1983 audit by the General Accounting Office
on the DOD high-dollar spare parts break-out program, where parts are
bought from other than the system designer, concluded that break-out
savings ranged from 44 to 68 percent. It stated, however, that
competition or break-out is restricted because reliable data on actual
part manufacturers are not available for break-out purposes throughout
the Air Force.

2 1
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Undersecretary of Defense Richard De Lauer also noted that "one of
the principal factors inhibiting competition in procurement of spares is
the lack of technical data with appropriate rights for procurement
purposes." 2 2  Deputy Secretary of Defense Paul Thayer reaffirmed this
view to the secretaries of the departments on 15 March 1983.23

And finally the Air Force Management Analysis Group (AFMAG),
discussed earlier, concluded that one of the key factors behind the low
competition rate was the existence of inadequate or missing engineering
data, for both prime and subcontractors.2 4  One of the AFMAG
recommendations was to develop an integrated spares acquisition and
support plan contractual requirement during the full-scale engineering
development competition. They felt purchase of technical data 3t this
stage could help harvest potential savings from the competitive purchase
of spare parts.

Overhead IJmpact. Indirect expenses can account for as much as 4U
to 70 percent of contract expense and are those expenses which cannuL be
directly charged to a specific cost objective because the costs of
accounting for them would outweigh any possible benefits to the
government of charging them direct to a contract. For purposes of cost
recovery, indirect expense is distributed using some presumed general
relationship between it and its benefiting base. For example,
engineering building depreciation might be allocated to cost objectives
based on direct engineering hours or direct engineering dollars. The
other two commonly aggregated overhead pools (in addition to
engineering) are manufacturing and general and administrative expense.

Another contract cost that is allocated in a manner similar to
overhead expense is an imputed return for facilities capital employed on
a contract. Cost accounting standard 414 provides for a return on
facilities employed in the performance of government contracts, with the
facilities capital cost of money (FCCM) allocated to overhead pools.
FCCM in-turn is allocated to benefiting cost objectives along with otner
overhead pools.

If the overhead allocation base for overhead pools is decreased, as
when business is decreased by the split production quantities when
dual-sourcing, the overhead rate goes up for all projects in the profit
center. If these are government programs, the net cost to tie
government will increase in that facility. However, a decrease in the
overhead rates of the second-source should occur as its allocation nase
increases. Cost principles are inexact and costs and rates are
different between production facilities. Therefore, the net impact to
the government on all programs of splitting requirements between tqo
production facilities must be considered.

Another potential overhead impact that inust be considered ,hen
evaluating analytical studies based on cx post dati relates to a cna,7>e
in the contractor business base as a result of the capture by the
contractor of other programs. This could cause the overhead rate to
decrease on all programs. If these reduced rates were reflected in the

3?



government's price obtained near the time of the introduction of
competition, and the pre and post competitive prices were not adjusted
to reflect this effect, the overhead reduction could inappropriately be
attributed to the introduction of competition. For example the
economic production rate for the F-15 is now lower at
McDonnell-Douglas because they are also producing the F/A 18.

Nonquantifiable Im rpacts

While not specifically quantifiable, there are other favorable and
unfavorable impacts on program outcome. J. C. McKeown identifies some
of these other factors:

Discussions on competition frequently lead to concentration on
cost savings or price reduction. . . . For DOD, the benefits
of competition extend beyond just cost reduction to include
stimulation of innovation not only in technological and design
areas, but also manufacturing; lower unit costs; satisfactory
technical performance (and also quality); and a strengthened
industrial base. 2 5

Like McKeown, others have stated that the evidence supports the
fact that quality and reliability of the product are improved under
competitive conditions. And those interviewed during this research
stated that cooperation from the original sole-source contractor
increased under the threat of competition. They stated that competition
resulted in engineering change proposals being submitted faster and the
speed and quality of other communications being enhanced. Also, the
advanced fighter engine program office cited the fact that in addition
to lower prices, product warranties were obtained during competition
which were more favorable than the original contractor would agree to
under sole-source conditions.

Three other benefits accrue to the government under competition.
First, competition makes it possible to have a surge capability at both
the prime and subcontractor level exists (as in the case of the advanced
fighter engine) that can be exercised if needed in the event of a
national emergency. Second, sources are developed that potentially
might compete for future weapon systems requirements. And third, the
production base is dispersed which reduces the potential destruction of
the total product production base.

Time delays associated with developing and qualifying the second
source have a potential negative impact on program completion. And risk
of failure for production by the second-source exists as was the case
for the AN/UPM-98 radar test sets and AN/ARC-31 radio sets. 2 6 The risk
of claims for inadequate data also exists. And finally, different
manufacturing processes might lead to different tolerances or product
characteristics that could cause future maintenance or logistics support
problems.
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The inability to quantify all costs and benefits does not fenEa the
nonquantifiable factors should be ignored. The preferred method would e to
identify all costs and benefits subject to quantification ani t,)
qualitatively describe the nonquantifiables. Subjective i" -ns
could then be made by the program manager as to the cost effe tIvo'less
of competition considering both the quantifiables and nonquantifidt)es.

Statistical Considerations

Calculation of the net cost inpact to the government of s-:ond
sourcing involves recognition of three statistical and methoi11 -gical
considerations. First, contract data reflect then-year doll- and
must be adjusted for inflation to isolate the effects of competiti-,n from
those of inflation. Second, the flow of costs and benefits over ,i,me is
not the same for all programs. And, hecausp of the time value of ;:Iorey,
these cash flows must be put on a common base. Third, the calculation
of savings must be done using a common methodoloqv. Each of these are
discussed below.

Inflation

Inflation is the process of steadily rising prices which resujlt in
a decreased purchasing power of a given nominal sum of money. D e and-
pull inflation occurs when aggregate demand increa;es faster tilan
output. Cost-push inflation occurs when the prices of inputs, e.g.,
labor) increase faster than their productivity. In conducting
cost-based tine series analysis, the effects of inflation ,ist oe
identified in the financial data to more clearly exa!m ine the
relationship of the relevant variables. If the data are not deflated,
the relationship of the impact of competition and price could b miis<ed
and lead to erroneous conclusions.

Several indices are available for use in deflating contract data.
Included are the gross national product deflator, wholesale price inde.,
consumer price index, or sub-e lements of each. Several other, intuies
also exist that are applicable to missile systems. Whichever of 'ne
indices is chosen, it Must reflect actual or projected inflation on the
program or subsequent analyses will yield invalid results.

Oi scounti-n9g

As discussed earlier, high-level executive and legislative ora'qc'
officials have strongly indicated that compotition is good hecai"se it
reduces net costs to the government. ;)y investIng jp-front nonr'ec'jrr,%..
oxpenditures o~cps'ary t ohvelIp aj vi Thle second-s urc, t
anticipate that incrmont. I cost, -i11 e r,,! ,-od 'y an amymnt ,'<v-,
than the up-front inve f. ient. i , ov,,r, ,ew s f the t no val 1, -f
,oney, the prohlem i ;I,,,liato , y V r I, s as to tre pattern of s
over time in rl 3tion t., the up-f' ,i, i WrvoS l, , ,- t .



A simple illustration might clarify this concept. Suppose you are
given the choice of the followinq investments and savings:

Year Total
Investment Am ount 1 . 2 .3 4 S a vi ngs

A 75 20 20 2N 20 80
B 75 80 80
C 75 80 80

All three yield a savings of $80 for an investment of $75. However, all
the investments are not equally attractive. Investment B is the most
attractive of the three because the investment is recouped in the first
year. This provides an opportunity to reinvest the money and earn
interest on the savings. Or if the money were borrowed, the principal
can be paid back to avoid interest charges. Alternative C is the least
attractive because for four years interest that could be earned by
investing the money is foregone.

Pursuing this simplistic example further, hypothesize that
the $75 was borrowed at 10 percent interest. At the end of the year,
debt included the $75 principal and $7.50 interest for a total of
$82.50. A comparison of the $82.50 cost to the $80 return dictates that
the prudent person search elsewhere for a more lucrative investment.

In making prudent investment decisions, the present value of the
entire cash flow must he compared to the present value of the necessary
investment. The formula for determining present value of a cash-flow
stream is:

PV RI + R2 + + Rn

where

PV present value
i discount rate
R1 , R2 ,. . . Rn cash flow in years 1, 2, . n
n = duration of project

Applying this concept to the simplified example, the present valup of
investment A, assuming a discount rate of 10 percent, is:

V = 20 + 20 + 20 4 20 63.4?I +.fy (T-§--fT) 2  f -. 1-) 3  -4- .-1-) 4

cor investment 3, the present value is $72.72, and for investment ,
toe value is $54.79. Compared to the up-front investment, none of thes?
alternatives appears favorahle.
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Federal policv requires the discountinq of cash flows 

consideration of investment decisions. OMB Circular A-94 states:

The discount rate prescribed in this circular applies t) the
evaluation of government decisions concerning the initiation,
renewal or expansion of all programs or projects, other thai
those specifically exempted helow, for which the adoption is
expected to commit the qnvernment to a series of measurabr,
costs extending over three or more years which result in a
series of benefits that extend three or more years beyond the
inception date.

27

Exempted from the scope of the circular are water resourco r,'oiect
decisions, the District of Columbia government, and nonfederal
recipients of federal loans or grants. Also excluded are s.'-ondarv
decisions made to implement a program after a favorable Jecision to
initiate, renew, or expand the prooram is made using the provisions of
the circular. In the opinion of this researcher, investments to -educo
the costs of weapons systems are not exempted from this requirement.

The circular specifies a discount rate of 10 percent that must be
applied to the deflated dollar flow of Program costs and benefits over
time. That is, the 10 percent figure is to be applied to infl3tinn-
adjusted cash flows.

A benefit-cost ratio is then calcjlated using the formul3:

Benefit-Cost Ratio = PVh  PVc

who re

PVh = Present value of benefits
PVc = Present value of costs

A ratio of greater than o no '.'l be a favorable ratio, wift t se
investment, with higfher ratios yieldinq the better return. :n ou
simple example, the henefit-cost ratio of alte rnative A is .79,
alternative B is .90, and alternativ- C is .6R.

The concept of discounting has become increasinqly important qiven
current economic conditions. Present budget deficits are expected to be
qreater than $130 billion i year for the next several years. The,-eire
the government will have to borrow its funds in the money markes to
finance expenditures at an interest rate most likely greater than 10
percent. Moreover, 16.1 percent of the federal budIget pres.,,-t1v
consists of interest on the public deht. Presjros are mountino * i -, t
the debt and weapon system planners should 1)e sensitive tr h, vIt
reductinn pressures. It escapes logic to borrow money at a give, r.te
of interest, use it tO develop i second-soiircf for the np-,jrose
decreasing weanon systm cost , ;o'l rece o,,, a rate ef ret jr, -,l
investment that is loss thin the 1, io interest rate. 0iscountin i - a
technique considers th a 1 t,, ri i nv, ,tent -)pp r io it" es qi t ir,-s
these into the cost/benefit cv' f I t r-am -.v,-r limp.



Savings Calculation

The calculation of percentage savings attributable to competition
should include all the variables discussed so far, including recurring
and nonrecurring costs. The percentage savings calculation could take
many possible forms, and the reader is cautioned to understand what
percentage is being referred to when a percentage is cited in a study.
For example, table 2-1 lists savings attributed to the Shillelagh missile
in one study. 28

Table 2-1
Diversity of Savings Estimates on the Shillelagh

22 percent savings on competitive buy-out, recurring costs
only, presumably in 1912 dollars. Sole-source learning curve
exponent of -0.233 reported in APR 078 used to project
sole-source price.

9 percent savings on all post-competition production,
recurring costs only, in 1972 dollars. Sole-source learning
curve exponent of -0.233 from APRO78.

-1 percent loss on first competitive split-buy, presumably
in 1972 dollars, using the APRON8 exponent of -0.233 for the
sole-source learning curve.

-4 percent loss on all post-competition production, recurring
costs only, using a learning curve exponent (value not given)
derived by IDA79 from APR078 data. Presumably 1972 dollars.

-8 percent loss or, all post-competition production, recurring
costs only, using cumulative average price learning curve
exponent estimated at -0.390. Constant dollars, year not given.

-14 percent loss on first competitive split-buy usinq
learning curve exponent (the valae is not given) derived by
IDA79 from APR078 data. Presumably 1972 dollars.

Differences in savings estimates can result from (1) the use of
different data, (2) differing statistical methods, or (3) differing
definitions of what savings are. The numbers reflected in table 2-i
were calculated by The Institute for Defense Analysis (IDA) to show the
sensitivity of results to these problems. The first two problems will
be discussed in depth in the next chapter through a review of published
studies. The final one is discussed here.

The most useful formulation of savings is:

Pvt) - i c

S -- --I- -
,

-
PVs
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where

S = percentage savings
PVb = present value of all competition benefits
PVc = present value of all competition costs
PVs = present value of post competition production had the

system been procured sole-source.

The numerator is formulated to reflect the net impact to the governiient
considering all cash-flow impacts of competition. The denominator
reflects what the cost of the remaining program would have been in the
absence of competition. Although some studies have used total program
cost as the denominator, precompetition costs are not relev-i t for
decision making. They are sunk costs that do not affect either the ,ole
source or competitive outcomes.

Conclusions

There exist a plethora of costs and benefits that must be
considered in the dual-sourcing decision itself and budgeting for
programs that are dual-sourced. These include nonrecurring, recurring,
and other program specific impacts in the production stage of the
program. Moreover, competition night also affect the cost of the
program's development and deployment stages. And finally, other
government programs might also be influenced.

Calculation of the net impact of dual-sourcing involves adjust-,ent
of historical data for the impact of inflation. Moreover, the casn flow
over time must be discounted to reflect the time value of money and to
obtain the highest return on money invested to develop the second
source. And finally, the reader is cautioned that the savings
percentage calculation varies in different studies due to the
differences of data, methods, and basis of savings calculation.

Chapter 3 now turns to a review of ex ante studies. Using the
criteria developed in Chapter 2, it reviews the study data, methods,
and conclusions. It also reviews published critiques of the studies.

3 '3



NOTES

CHAPTER 2

1. Frederic M. Scherer, The Weapons Acqusition Process: Economic
Incentives (Boston: Harvard Univer-s-i-ty, 19614 ),1 5

2. See DAR 13-305.1(B).

3. Donald S. Watson, Price Theory and Its Uses (Boston: Houghton
Mifflin Company, 1972), 188.

4. Ibid., 222.

5. Ibid., 224.

6. US, Defense Science Board, Lport of the Acquisitinn Cyrl_ Task
Force, 1977 Summer Study, 15 March 1978, 29.

7. US, Department of the Air Force, The Afforda ble Acqu isitionpproach Study , Executive Summary (Air Force Systems Command, Andrews

AFB, Md., 1983), rS 7 .

8. Carlucci testimony before House Armed Services Committee,
9 February 1982.

9. "DOD Hikes Economic Production Rate Savings Estimate,"
Aerospace Daily, 27 May 1982, 149.

10. Charles H. Smith, Production Rate and Weapon System Cost:
Research Review Case Studies, _and Planning Model, Rpt APRO 80-85 -rmy
-rocurement Research O-ffice, Ft Lee, Va., 19T80-.

11. T. P. Wright, "Factors Affecting The Cost of Airplanes,'
Journal of Aeronautical Science, vol. 3, no. 2, February 1936.

12. For example, see R. W. Conway, and Andrew Schultz, "The
Manufacturing Progress Function", Journal of Industrial En1ineerin ,
January-February 1959, 39-54 and Samuel L. Young, j -sapplications of
the Learning Curve Concept", Journal of Industrial Engjneerin1 , August
1966, 275-282, in Learning Curves, Theory and Applications Rivinder
Nanda, and George L. Alder, editors, -Norcross, Georgia-:--Institute of
Industrial Engineers Inc., 1982).

13. It is not the intent of this research to enter into the
academic dialogue relating to the form and the advantages and
disadvantages of each formulation. Two good references for additional
information inclide Nanda and Alder, Learning_ Curves; which has an
excellent bibliography on the suhject; and Harold Asher, Cost-Quantity
Relationships in the Airframe Ind-,ctry. RPV R-291 (Santa Monica, The
RAND Corporation-,-I July 1-6. 3



14. Conway and Schultz, Learninq Curves, 53.

15. G. Nadler, and W. 0. Smith, "Manufacturing Progress Functions
for Types of Processes. International Journal of Production Research,
vol., 2, no. 2, 1963 in Nanda and Alder, Learni nj Curves-,--3.

16. US, Department of the Air Force Management Analysis Sroup
(AFMAG) Spare Parts Acquisition (Pentagon, 1983), 2-13.

17. Fred Garza, "Impact of competitive Procurement on Configuration
Control", PMC 77-1 (Defense Systems Management College, Ft Belvir, Va.,
I977) iii.

18. This strategy has been observed by many students of the
acquisition process. See for exami)le Peck and Scherer, ',.eapons
Acquisition; J. Ron Fox, Armin America: How the US Buys Weapons
-Bot-on:- Harvard University, 19741; and-Jacques Gansler, The Defense
Industry (Boston: MIT Press, 1983).

19. R. A. Fredrick, Business Development Representative, Aircraft
Wheel & Brake Division, Goodyear Aerospace Corporation, Akron, Ohio.
Letter of 24 March 1983, regarding the break-out of critical parts to
Competiton Advocate, Ogden Air Logistics Center.

20. John Richardson, "How 'Second-Source' Contracting Undercits
Carlucci-Initiative Goals", Government Executive (September 1982), 32.

21. US, General Accounting Office, Air Force Break-out Efforts are
Ineffective, Rpt GAO/PLRD 83-82, 1 June 19---.

22. Richard De Lauer, Under Secretary of Defense Letter, 19 October
1982, Subject: Competitive Procurement of Spare Parts.

23. Paul Thayer, Deputy Secretary of Defense, Letter 15 March 1933,

Subject: Replenishment Parts Procurement.

24. AFMAG, Spare Parts, 2-17.

25. John C. McKeown, "Increasing Competition in the Acquisition
Process", Concepts 5, Summer 1982, 26.

26. Myron G. Myers, et al., Price Competition in the DOD
(Logistics Management Institute, Washington, Sep t-,-he-r-19 2T-4.

27. Executive Office of the President, Office of Management and
Budget, OMB Circular A-94, "Discount rate to be used in evaluating time
distributed costs and benefits", 27 March 1972.

28. Figure adapted froin K. A. Archibald, et al., Factors- _ffectn
the Use of Conptiton n Weaon System Ac uisi nRpt 2/06 ,Santa_ : ~0 ... ... .. t_ n.. .. . ._ .. .. WYo ... .. 6U _ -inn

Monica: The RAND Corporation, February lo 71981.



CHAPTER 3

COMPETITION STUDIES: PANACEA OR PANDORA'S 80X?

Robert McNamara, while secretary of defense, testirieo oefore the
House Committee on Armed Services in 1965 that when the Department of
Defense dual-sourced weapon systems it saved an average of 25 percei'.1
And former Deputy Assistant Secretary of Jefense Jacque- S. *%nsler
testified before the House Budget Committee , recently as
8 November 1983 that "dual-sourcing experiments tried in the past have
yielded an average net program cost savings of 30 percent. ' 2  While
these figures lack valid empirical support, many studies have been
published which analyze, ex post, the cost impact of dual sourcing
weapons acquisition and posit a predictive model of expected savings in
dual-source decisions. Other reports critique the data and methods used
in these studies. The balance of this chapter explores chronologically
the more substantive studies and the critiques by reviewing their major
data, methodology, conclusions, and any model they propose to predict
competition savings on future procurements. 3  It also presents this
author's conclusions regarding the predictive validity of these st idies.
(Usefulness for assisting in making future second-sourcing decisions.)

Studies

Electronics Command 72

One of the first systematic studies of the effects of competition
was done by the Army Electronics Command (ECOM) in 1972. 4  This study
compared the pre- and post-competitive price of 13 electronic items
having an average price of $2,822 and ranging between $290 and $10,000
per item. The items first entered production between FY 1958 and FY
1967.

The methodology used was:

Percent Savings Last sole-source price - first copet it ive mrice
Last sole-source price

Unit price reductions for recurring costs averaged 53 percent when
competition was introduced and ranged from 12 to 78 percent. Savings
were attributed to all procurements. The study neither adjusted savings
prices for inflation, nor considered nonrecurring costs. Nor did it
consider production rate changes and learning from previous ]uys.
Additionally, it did not discount cash flow.

The study made multiple regressions to find a predictive nolel
using competitive lead time over sole-source lead time, competitive
quantity over sole-source quantity, and competitive delivery rate
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(quantity per month) over sole-source delivery rate as predictors of
price reductions. Unable to establish any relationships, the
researchers concluded:

To further pursue the attempts of finding more significant
causal relationships among lead time, quantity, and delivery
by regression techniques appears futile. It can almost be
concluded that the desired relationship is severely clouded by
other variables that would be difficult to quantify. Also,
the number of . . items making the transition from sole-
source to competition each year is small, and to accumulate a
large enough sample to provide sufficient degrees of freedom
if the variable list were expanded would span many
years. 5

Notwithstanding this caveat, however, they concluded that for
planning purposes a conservative estimate of savings is from 25 to 30
percent.

Yuspeh 73

Larry Yuspeh performed a 1973 study of 20 items for the Joint
Economic Committee's Subcommittee on Priorities and Economy in
Government. 6 Average price of the 20 items was $14,360 in 1970 dollars,
with a price range of $891 to $92,249 in inflation-adjusted dollars.

The study calculated price changes under competitive pressures of
recurring production costs as follows:

Last sole-sourcekrice - first competitive rice
Percent Savings Last sole-source price

The study found that there was an average of 51 percent sdvings on
all programs analyzed, with the range of savings being from 16 to 80
percent. While the researcher recognized that learning curves exist, he
did not factor a learning curve effect into the savings estimate. Data
are inflation-adjusted and Yuspeh pointed out that the learning curve
flattens out in competitive instances. He recognized the existence of
nonrecurring costs but did not consider them in offsetting gross savings
in his analysis. He concluded that winner-take-all awards resulted in
greater savings than did split awards.

While not developing a predictive methodology, he did assert that
his report "establishes both the advantages and feasibility of
competitive procurement of sophisticated military equipment.' 7

IDA 74

In 1974 the Institute for Defense Analysis (IDA) analyzed
competitive procurements of 19 weapons systems with an average price of
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$6,954 with prices ranging from $422 to $87,636 in 1970 dol1 rs./
However, the Talos guidance and control system cost $87,636. Dele-ting
this system from the sample leaves the high end of the range at $6,81#.

Program savings were calculated using the following methodol1):,v:

Sole-source price extrapolated down learning curve -

Percent Savings First conpetitive price
Extrapolated sole-source price

The unweighted mean of recurring cost savings was 36.8 percent, with a
range from 0.2 percent cost increase to a 60.8 percent savings.

This study was the first to recognize contractor learning by using
learning curve analysis in analyzing a repetitive production situation
analysis. The study did not consider nonrecurring costs or production
rate changes. It did adjust data for inflation. IDA used multiple
regression analysis to examine in a predictive sense the effect on
post-competition unit-price reductions of four variables: the exponent
of sole-source learning curve, the ratio of competitive to sole-source
quantities, type of competition, and number of bidders as a measure of
the intensity of competition. Three statistically significant
relationships were reported:

(1) The steeper the progress-curve slope the less that is
likely to be saved; (2) On the first competitive buy, maximum
savings are achieved with a buy-out competition, minimum
savings with a 50/50 split (each competitor gets half of the
total); (3) Unit-price reduction is neqatively correlated
with the ratio of the number of units bought under the first
competitive award to the total number of units produced under
all the sole-sourced awards.

9

No statistically significant relationship was found for another
variable: the number of bidders. And the study did not develop a
regression equation for use i;i a predictive mode using the statistically
significant variables.

APRO 78

The Army Procurement Research Office (APRO) studied 16 Army and
Navy systems that had been dual-sourced with an average price of $13,132
in FY 1972 dollars, and the prices ranged from $589 to $85,R05.10
Excluding the top three items, the average price was $4,950.

Savings were calculated as a percent of total program costs as

fol lows:

(Extrapolated sole-source learning curve price -

Percent Saving coetitve buy) xconptition antity
Total Prolram Cost
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Unit recurring-price reductions averaged 10.8 percent, ranging from
a net increase in cost to the government of 13.2 percent for the Mark 46
Torpedo to a savings of 51 percent for the Shrike missile. The
methodology considers inflation and contractor learning, and it adjusts
for contract changes. It does not include production rate, nor does it
discount cash flows. The use of total program cost as a base for
savings calculations results in lower savings calculations than other
studies because competition savings are compared to total program cost
instead of the proportion of the program competed or the first
competitive buy.

One problem identified in the APRO 78 analysis involves using price
data to develop learning curves when price data can contain both
recurring and nonrecurring costs. While the analysis uses other sources
of cost information to filter out these costs, the data are imprecise.
For example, only $746,100 is considered as nonrecurring technical
assistance costs to the second source from the prime on the Shillelagh
missile. Others have estimated the cost of technology transfer in the
millions of dollars on other programs.''

The predictive methodology of the APRO 78 analysis--called their
forecasted savings methodology (FSM),--consists of three parts. Part
one involves a competition screen, part two is the forecasted savings
estimate, and part three is the competition index.

The competition screen consists of 12 elements influencing
competition against which a potential dual-source award must be
evaluated to see if it is worth pursuing a dual-source strategy. These
elements are shown in table 3-1.

Table 3-1

Factors Influencing Competition: The Competition Screen

1. Prohibitively high initial start-up costs

2. Lack of a definitive technical data package

3. Proprietary data--technology transfer

4. Congressional interests--budget constraints

5. Inadequate production quantities

6. Economic climate

7. Length of planned production cycle

Critical or scarce materials

9. Nonconforinance to cost-acco, nting standards

10. Speciil tooling/test equipment
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Table 3-1--continued

11. Testing requirements

12. Government/industry-wide cash flow problems

The second step of the FSM for those items that pass the
competition screen is to estimate expected savings. Oata relating to
savings from the 16 systems in the report were used to obtain the
following predictive equation: AUP = PUp. 9'5 ROQ-. 1 5 7

Where:

AUP = actual unit price for all production that occurred after
competitive buy-out

PUP = projected unit price of sole-source progress curve over the
post-competitive buy-out production

ROQ = ratio of post-competitive buy-out production to total program
production quantity

A competition index is the third step and involves an evaluation
of the qualitative aspects that can influence the amount of savings.
These aspects are listed in table 3-2.

Table 3-2

Competition Index

1. Perception of Competitive Position

a. Production experience
b. Capacity
c. Age of facilities
d. Area wage rates
e. Union

2. Anticipated Future Requirements

a. United States
b. Foreign military sales
c. Spinoffs

d. Other components

3. Economic Conditions

a. Current
b. Future

4. Company Goals

a. I mined i ate

b. Long-range



Table 3-2--continued

5. Risk-Assumption

a. Technical risk
b. Quality of technical data package

6. Capital Investment

a. Dollar value required
b. Use of government-furnished equipment
c. Type of equipment

7. Make-or-Buy Considerations

a. Sole-source subcontractors
b. Government-directed subcontractors

8. Other

Types of contracts
Should cost
Value engineering

Each factor is given a weight from *10 if the factor has an
"extremely strong increasing influence" on the benefits of competition
to -10 if the factor has an "extremely strong decreasing influence," or
each factor can be assigned any weight between the extremes. A weighted
average of the individual factor scores based on their importance to the
specific system is calculated and a subjective judgement made.

IDA 79

The Institute for Defense Analysis' second study was published in
1979 and summarized 31 cases from the three studies just discussed. 12

Cumulative average unit price was $17,675, with prices ranging froi $138
to $177,622.

Savings were calculated as follows:

Sole-source price extrapolated down learning
curve - contract price

Percent Savings -

Projected Sole-Source Price

This study estimated savings averaged 35.1 percent on all post
sole-source buys and ranged from a 23 percent cost increase to a savings
of 64 percent. It did not consider discounting, did not make rate
adjustments, and considered only some of the nonrecurring costs. While
data were inflation-adjusted, the methodology was not included.
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The study developed a forecasting model as follows:

- (IfFQ/SSQ)S S S - .414

F S F B = . . .. . . . . . . .. . .
I-(I FQ-SSS-I)-SSS-I

Where:

FSFB = fractional savings on future buy

FQ = quantity procured competitively

SSQ = sole-source quantity

SSS = sole-source learning curve slope

The equation is the cumulative average price variant of the standard
learning curve equation. Gross savings on competitive quantities are
predicted as a function of the ratio of total quantity to sole-source
quantity, the known sole-source slope derived from cumulative average
prices, and the mean (-.414) of competitive slopes from its sample of 31
items.

The study concluded that the savings forecasting model is only a
moderately successful predictor of actual savings. It stated, however,
that for planning purposes, projections of post competition savings are
10 percent for split award buys and 20 percent for buy-outs. And trey
also add this caveat to their findings:

It is in-fact likely that no precise and stable predictive
relationships exist; there are so many dimensions of variation
surrounding each procurement (e.g., technology, market
condition ) that each system is to a considerable extent
unique."l

TASC 79

In 1979 The Analytic Sciences Corporation (TASC) was selected by
the Joint Cruise Missile Project Office to develop a method to estimate
comparative production cpsts for sole-source and competitive dual-source
production strategies. FASC reanalyzed 45 procurements that had
previously been reported. In contrast to the previous studies, whicn
characterized the reduced cost as a shift down in the learninq
curve under competitive circumstances, TASC characterized the saving; a,
an immediate downward shift in the learning curve at the point of
competition, due to cost-and-profit reduction, and a rotation or
steepening of the curve as the previously sole-source producPr
introduces efficiency into the p rod!jct i on process as shown on
figure 3-i. The stindjrd powder funcLion was uised:
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Z = AXB

Where:

Z = unit cost of the Xth item produced

A = first unit cost

X = cumulative quantity produced

9 = parameter for slope of the quantity/cost curve

Savings were calculated as:

Sole-source price extrapolated down learning

Percent Savings curve - first competi ti e price
5ole-Source Price Extrapolated

The study estimated the average gross savings for recurring costs from
both the shift and rotation effects at 33 + 6 percent. TASC also found
that a combined profit-and-cost reduction (-hift) of 12 + 2 percent was
probably too low, and estimated an improvement (rotation) of 5 , 2
percent. The analysis was inflation-adjusted, using an unspecified
index, but did not consider production rate. The reported recurring
cost savings ranged from an increase in cost to the government of 16.2
percent to a savings of 67.7 percent.

TASC 81

In 1981 The Analytic Sciences Corporation published a further study
that projected comparative sole-source and competitive dual-s:urce
production cost estimates for sea-launched and ground-launched cruise
missile airframes. 15  TASC modified its 1979 analysis and included
projected impacts of both production rate and total production quantity
(learning curve) variation.

The model's basic formulation is: 7 = AXO yC.

Where:

I = unit cost of the Xth item produced

A =  ist unit cost

X = cummulative quantity produced

B pdrdmeter for slope of the quantity/cost curve

Y some measure of production rate

C parametpr of sl pe of tht, rate/cost cu rv,
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The study developed estimates of the parameters for five tactical
missile systems using a least-squares fit of the exponential formulation
to observed data. The methodology involved finding the solution to a
set of nonlinear equations in five unknowns. It assumed successive
iterations from an initial starting point to minimize squared error
using Newton's method for finding the roots of a nonlinear function. 16

It calculated learning curves using cumulative units, and it used lot
size as a proxy production rate. Using this procedure, which was
inexactly specified in its report, the study made parameter estimates
as shown in table 3-3. In making these calculations, the study assumed
the shift and rotation of the curve will not occur until the point of
competition.

Those making the study contend their second model, which includes
the effects of production-rate variations, is substantially different
from their first model, which does not allow for production-rate
effects. Therefore, they stated that comparing parameters between
models is essentially meaningless.1

7

They developed a predictive theoretical framework which they
described as "both theoretically and intuitively pleasing." It is
represented in figure 3-2.18 Curve S1 depicts the cost improvement
curve of the sole-source producer (with variations due to production
rate removed) in a noncompetitive environment. Curve S2 shows the shift
and rotation of the cost-improvement curve after competition is
introduced. Curve S3 is a theoretical construct of the optimal or
5est-cost improvement curve one might observe if the manufacturer were
under continuous competitive pressure from the outset. It is obtained
by beginning with the historically derived, noncompetitive first-unit
cost and ending when che curve achieves parity with the competitive
last-unit cost. It represents what TASC states might have happened had
tne original producer been under continuous competitive pressure from
the outset. TASC has developed separate curves for both missile and
electronic systems.

TASC researchers use their model in a predictive mode by using a
proxy production rate and program-specific, sole-source learning curve
data. While they did not specify their formulation, it appears to be as
fol lows:

Z = A [exp (d.DC'] X (b x f-DC)YC.

Where:

Z, A, X, Y are above

DC equals binary with a value of one when lot is procured under
competition and zero other-wise.

Jsing this for;iulati,)n, they assue that the -,econd source het.ils
prod'jrint( at thf -,mI first-init cost is does the first , prolucfr, hit.
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PROJECTED SINGLE
SOURCE CURVE (sj )

UNIT
COST DEVELOPER'S COMPETITIVE/ CURVE (S2)

t
BEST COMPETITIVE

CURVE (s3 )

QUANTITY PRODUCED

Figure 3-2. Cost Improvement Curves with Variations
Due to Production Rate Removed

that his cost-improvement rate is four percent steeper than the first
source. They then assume that at the point of competition a shift and
rotation would be observed on the cost-improvement curve of the first
source. The magnitude of the shift and rotation is assumed to be
sufficient for the company to eventually reach cost parity with toe
optimum cost-improvement curve. (Point Q2 in figure 3-2 is derived from
historical data using the TASC formulation.)

This TASC study does not consider nonrecurring costs, nor does it
discount savings over time. Additionally, it does not consider
potential impacts on other programs.

SAI 82

In 1982, Michael Beltramo and David Jordan of Science Applications,
Incorporated (SAl) conducted a three-part study for the Navy on the
i-npact of dual sourcing.1 9  They reanalyzed seven missile and bomb
systems that had previously been analyzed. Sole-source costs were
estimated by projecting down the sole-sourcp learninq curve. To show
the s;nsitivity to percent savings calculation ino,'tls, they calculated
savings using three cases:
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Case one--The first competitive lot price expressed as a percentag-
of estimated 1-ole-source lot price.

Case two--The total competitive recurring production cost with
estimate sole-source cost.

Case three--The estimated savings far total program 'y t'it,
percentage of the total quantity completed.

Using this methodology, the study considr, I i),ne nonrecirring
costs with the results shown in table 3-4. Differences in estimated
costs or savings of the three cases range fro-n 20.5 to 27.5 Dercent
additional costs to the government over the sole-source estimated
amounts, depending on the calculation methodology.

The study did not consider production rate nor did it discount cash
flows over time. Some nonrecurring costs were considered, and some
government-related costs, while acknowledged, were not quantified.

The authors did not outline a predictive model, but they did
qualitatively explore the following six criteria as questions to ask
when considering a program for dual-sourcing:

1. Does the government own the data rights?

2. Is the item to be produced technically complex with resoect to
design and manufacturing processes?

3. If the item is coimplex, would technical assistance be required
from the initial source to establish an effective second source?

4. What is the total require1 i antity? How many units would be
produced by the initial source prior to technology transfer? Prior to
dual-source competition? How many units would the second source produce
during educational buys?

5. What is the maximum quantity to be produced in a year? Can
production efficiency be optimized at half of that quantity?

6. Does the initial source have traditional rivals for tie it.? to
be produced? Who are they?

Greer and Liao 83

Previous studies quantified savi ngs ind attenu)ted to corre late
savings with a number of parameters: sole-source learning curve slop-,
percentage nf total program coipleted, pro I .ct complexity, and other
predictive variables. In addition, Yspeh 73 and IDA 79 addressed the
differences in savings hetv-een split-buy and boy-out strategi-s. 'one,
however, identified speciiic causative variables; that is those that
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caused the difference of magnitude of savings or loss on a program.
Willis Greer and Shu Liao attempted to measure the correlation of the
magnitude of savings with contractor "hungriness." 2 0  As a measure of
hungriness, they used capacity utilization for the aerospace industry
and correlated this measure with savings or loss on missile prograis.
Their models are formulated:

Production Rate Model: P = KQaRb

Capacity Utilization Model: P = KQa Uc exp(dm) exp(fn)

Where

P = average price

Q = midpoint cuantity of buy

U = smoothed utilization percentage for industry

M = I if the buy is under dual-sourcing, 0 otherwise

N = I if the competition is winner-takes-all, 0 otherwise

a, b, c, d, and f, are parameters

Note that the second model substitutes capacity-utilization for the
production rate. Greer and Liao concluded that the capacity-utilization
model is a better predictor of savings with the following parameter
values and nonsignificant variables deleted:

For the original source:

With median values:

P = KQ-0 .2 78u + 1.2 50e -O.I01Me -0.854N

With mean values:

P = KQ-0 .2 60u + 1.76 5e -O.201Me -0.854N

The second source models are:

With median values:

P = KQ-0 174e -.520N

The study concluded that it is best to compete when capacity
utilization is below 80 percent, as shown in their data arrayed in tbl)e
3-5:



Table 3-5
Relation of Savings and Capacity Utilization

Annual
Percent Savings Average Capacity

Procurement or (Loss) Due Utilization During
_Pr or-am to Competition Dual-Source Phase

TOW 26.0 63.5

Rockeye Bomb 25.5 70.9

[ullpup AGM-12B 18.7 76.2

Shillelagh Missile (4.7) 87.0

Sparrow AIM-7F (25.0) 81.6

MK-45 Torpedo (30.9) 91.6

Sidewinder AIM-90/G (71.3) 82.3

The major problem with the study by Greer and Liao is the
forecasting of capacity utilization. For example, they forecasted
capacity-utilization data for the seven systems they examined and, using
their predictive model decision rules, made the wrong decision in three
of seven cases. In other words, they applied their model to the seven
systems outlined in table 3-5 and predicted an outcome different from
what actually happened in three of seven cases.

They also found that returns earned by contractors on DOD business
are measurably lower than the returns on commercial business during
periods of low-capacity utilization. Moreover, they concluded that
competition produces greater savings when firms are "hungry." They
concluded that dual-sourcing is of little benefit as a cost reducer when
industry is very active.

3eltramo 84

Beltramo prepared a follow-on paper from his 1982 effort (SAI
82). 2 1  In it, he drew a distinction between procurements with
winner-take-all awards and competitive split-buy awards. He presented
the data in table 3-6 for winner-take-all awards, calculating savings
using his three cases discussed earlier. Table 3-7 presents data
regarding competitive split-buy awards.

Table 3-6 shows that when winner-take-all cmpetitions are used,
the majority of the samples show savings regardless of which case method
is used for calculation. In contrast, as shown in table 3-7, four of
the seven cases show a loss.
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Using these previously calculated data, Beltramo concludel
competitive split buys have resulted in both higher and lower recurriig
production costs than would be incurred by sole-source producers. -e
also stated that winner-take-all competitions should be held wnenvr
possible.

Discussion

The first part of the chapter discussed the more prominent studies
completed on the impacts of dual-sourcing weapons systems in production.
Very little new data have been developed by these studies since thie 45
systems analyzed in previous studies were reanalyzed in the TASC 79
report. The balance of this chapter compares the conclusions reached in
each of the studies. It also critiques their predictive models for use
by DOD in dual-sourcing decisions by examining the elements of cost
impact that each study considered.

Elements Considered

Table 3-3 arrays the elements of cost and benefits identified in
chapter 2 as potentially impacting on the net cost (added costs minus
benefits) accruing to the government by dual-sourcing weapons in
production. It also identifies the studies discussed above and toe
elements that each study considered in its analysis.

The studies have become more comprehensive in the elements toey
consider and have contributed to our knowledge about dual-sourcinq.
However, none of the studies has considered all of the potential
dual-sourcing costs and benefits. Most studies have explicitly
considered recurring production costs and, to a limited extent,
have considered nonrecurring production costs where data were readily
available.

However, thev have seldom identified impacts on the other weapon
system program stages. Any benefits accruing to the government during
spare parts acquisition due to nonavailability of technical data we-e
not addressed. Additionally, no study identified the impact on other
programs that a change in overhead rates would have because of toe
altered allocation bases in the prime and second sources.

The other major area where costs were omitted viere those incurred
directly by the government. These include source selection, seco)nd-
source development, program management costs, extra coot rat
administration costs, and the extra costs associated with configuration
management.

Perhaps the biggest omission from (ill studies that claimed sivin; ,

was that the time value of money was not consiier;,--the ,it-,,Pir
savings were not discounted to a k-Onon oase-year. This o 1i5 " )
precludes any accurate assessment of what the "true" cost or savii,;s s
to the government when the decision to dual-source is mnade fo' cst-
reduction purposes.



Tahl' 3-!

Flqnents C.onsidered hy ctudy

Wc CD

Quantifiable
Nonrecurring

Second-Source Selection N N N N N N N N
Second-Source Development

Technical Data Pkg
Purchase N N N N N N N Y

Validation N N N N N N N Y

Special Tooling N N N N N N N Y

Special Test Equip N N N N N N N Y
Tech Transfer

Leader-Follower N N N Some N N N Y

Education Buys N N N N N N N

Govt Monitoring N N N N N N N N

First Article N N N N N N N Y

Con+ingent Liabilities N N N N N N N N

Recurring

Cost/Quantity Relationship
Production Rate N N N N N N Y N

Learning N N Y Y Y Y Y Y
Contract Administration N N N N N N N N
Configuration Mgt N N N N N N N N

Other Costs

Company-Funded R&D N N N N N N N N

Spare Parts N N N N N N N N

Overhead Impact N N N N N N N N

Logistics N N N N N N N N

Profit N N N N N N N N

Nonquantifiable

Productivity N N N N N N N N

Product Quality N N N N N N N N

Cooperation
Technical Transfer N N N N N N N N
Ongoing N N N N N N N N

Time Delays N N N N N N N N

Claims N N N N N N N N

Statistical

Inflation Adjust N Y Y Y Y Y Y Y
Discounting N N N N N N N N

N=NO Y=YES
bU



Savings Percentages

Table 3-9 arrays by category of system and program the results of
data analysis and reanalysis by each study relating to the cost and
benefit factors that were considered. 22  Two conclusions can be drawn
from a perusal of the data. First, within a specific study there is
a range of different savings or losses across programs. Second, the
studies reach different conclusions on the impact of dual-sourcing, both
in the analysis of the same weapon system and the average program
savings calculated by each study.

Results Within Studies

The pattern of savings estimates within any of the studies shows a
wide range of savings. This pattern persists when all systems estimates
contained in the study are arrayed. More revealing, however, is tnat
when similiar systems such as missiles or electronics are grouped, this
same range of estimates persists.

Another problem is that means are unweighted means that can be
misleading when comparing systems of widely differing costs. As an
example, with unweighted averages, a 5 percent savings on a $1 item is
weighted the same as a 5 percent loss on a $1,000 item. On the average,
these two impacts result in no average change, even though the monetary
impact is obvious. Also, an examination of the mean in relation to the
median shows that the underlying distribution of values in each group
can differ. With the median to the left of the mean, the distribution
is skewed right. If the median rests to the right of the mean, the
distribution is skewed left.

Finally, as discussed in the preceding section, these figures do
not represent the net impact to the government of dual-sourcing. Taken
together, these concerns cast a shadow of caution on the use of any
rule-of-thumb estimate of, for example, a 10-percent, 25-percent or
other fixed-percentage savings available when systems are competed.

Results Between Studies.

Analysis of the same procurement by different analysts has resulted
in different estimates of impacts. In some instances, as in the case of
the Shillelagh, some analysts attribute a savings while others attribute
a loss. These differences occur because different methodologies are
employed and different elements of cost and benefits are evaluated. A nd
they show that there is room for argument among competent analysts over
the impact of dual-sourcing on competed programs.

The differences can occur because different studies use different
indices or base-years to adjust data for inflation. For example,
adjusting contract data to constant-year dollars using the co1SJ'l r
price index instead of the wholesale price index could lead to different

61



Table 3-9
Estimated Percentage Savings or (Loss)

Due to Competition

FCOM YUSPH IDA APRO IDA TASC SAI
72 73,I 74 78 79 79 84

Missiles & Missile Components
TOW 48.1 8.5 8.9 12.3 22.6
DRAGON Round 2.7 2.8
SHILLELAGH 68 ('0.2) 5.9 (8.0) 9.4 (6.3)
TALOS (G&C unit) 42 42. 3 40.8 39.8
BULLPUP 12 (Martin) 25 13.9 31.7 26.5 25.8
SIDEWINDER AIM-9D/G (4.6) 0.7 (22.0)
SIDEWINDER AIM-9B 1.6 (5.6)
Standard Missile MR
RIM 66A 60 (4.2) 59.2 (2.9)

Standard Missile ER
RIM 67A 59 34.0

HAWK Motor Parts 50 6.4 45.7 49.9 46.7
TOW Launcher 30.2 44.2 30.2
DRAGON Tracker 12.0 12.3
SPARROW AIM-7F

(G&C Unit) 16.0 (20.5)

MEAN 50.7 26.0 11.9 17.3 22.6 6.2
MEDIAN 54.5 13.9 8.5 8.9 19.4 2.9

Torpedos & Bombs
MK-48 Warhead 54 53.2 48.6 50.9
MK-48 Electric Assembly 55 37.5 47.0 24.9
MX-48 Exploder 80 61.2
MK-48 Test Set 79 61.8
Rockeye Bomb 19 (23.0) (4.5) i.7
MK-46 Airframe & G&C (1h.4)

MEAN 57.4 45.3 (23.0) 42.8 10.R
MEDIAN 55 45.4 (23.0) 48.6 14.3

Electronic Components
FAAR Radar 16.6 16.6
FAAR TADDS 18.2 18.2
AN/ARC-131 (2.1) (16.2)
UPM-98 Test Set 44 1.0 11.5
PP-4763/GRC Power Sup 58 .3 .5
TD-204 Cable Combiner 50 50.2 62.1 42.0 51.2
TD-202 Radio Combiner 31 52.5 40.8 40.2 51.1
TD-352 Multiplexer 58 57.8 58.0 55.6 58
TD-660 Multiplexer 41 30.2 38.3 28.4 35.9
60-6402 Elec Control 56 57.0 49.4 52.7
SPA-66 Radar Indicator 16 (1.4)
APX72 Airborne Transponder 40 2.6 27.1 23. *28.', ,r

AN/ARC-54 75 55.0 ei. I
AN/PRC-77 48 14.8 20.5 .0 .2

AN/GRC-lOb 54 41;.1 41.8
AN/GRC-10 59 8.7 60.1 51.8
AN/APM-121 67 61.2 67.7
SPA-25 Radar Indicator 21. 48.8 10.7 75.1
SM-181 Test Set 36.0 5o.O 36.
FGC-20 Teletvpe 12.1 21.7 39.0 ",.8
MD-522 Mod/Demod 57 ('0. 3 )8. Q S ()
CV-1548 Signal Cony 59 . t4.0 45.4
AN/ARA-63 Radi, 1 57.9
AN/SQS-23 2089 T nsd 472.1
AN/PRL-25 55.
AN/ASN-43 12 111.2
AN/FYC-8X 4i.2

MK-980/PPS-5 50. bo.
PRT-4 41 -2.3
Aern,1 42-6750 54.8 S8.I
Aerm, 42-2028 19.9 19.11

MEAN 5. 1 44.7 4 1 9 11.8 47.2 15.5 .4.1

MEDIAN 57.5 5.2 9. i32.1 .
TOTAl. MEAN 51. I ,O. 18.1 11.8 1.5 1.. .

TOTAL MEDIAN ' . 52 19.9 8. ,1.8 19..

* Commonality between 7859 and 7859A is at issue: it common, total ;avings; it nt,

total loss.
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results to the extent the indfxes are different. Otter differences 1,1
oriqi nate through use of difterent estimdtinI tecnni q'es or dat ,
Finally the differing savinqs calculations as discssed in chapter iar

lead to different results, ce-teris anr_i-bus.

C r i iu _lue _

Several published studies critiqup these studies in oetail.
have been done by such consulting organizations as the Institite : r
Defense Analysis, Science Applications Incorporated, RAND, and e
Logistics Management Institute.

IDA 79. The IDA 79 report discussed earlier reviewed tre E")' 72
IDA 7T , -ana APRO 73 studies. 23  Its major concern with ECOtI 72 wi- the
failure to fit progress curves to the sole-source production lots pri-r
to computing savings. IDA 79 fit progress curves to the ECOM data and
identified savings of 53 percent vice the 56 percent identified by -iO'.
It concluded that the systems selected by ECOM were exceptionally good
candidates for the introduction of competition.

Concerns with the IDA 74 study related to its failure toj seaate
nonrecurring from recurring costs and to the fact toat the sample could
not be considered representative because almost all systems were
formally advertised with more than two bidders. It stated that the A)-<)

78 study was the most sophisticated and well developed methodolDgv 'Dr

estimating savings. However, it felt that extreme data manipulation anl
extrapolation were required because APRO, due to a lack of sJfficiently
reliable data, extrapolated progress curves to ten or mre tirnes the
sole-source quantities to which they were fitted. IDA 79 was i'so
concerned about the impact that actual or imminent price competition na!
on sole-source price. And it expressed concern about calcul itl ,

savings as a percentage of the total program rather than post-
competition production. It believed that this method understates tne
savings to be expected on fuiture competitive unit production costs.

IDA pointed out the sensitivity of savings estimates to different
methods of estimating progress curves and the inclusion of different
cost impacts. Table 3-10 reflects their analysis of APRO data and oow

including different elements and using different methodologies r
calculating savings can change savings estimattes. 2 4

Percentage savings for each system as es imated by 41RJ 3re
presented in column one of the table. The estimates in coljmn t~o and

column three follow the APRO methodology insofar as available fixed
costs were used to determinp savings and savings qere express-1 a; a
percentage of total program costs. However, the learning curve use t:
make the projections of the sole-source production cost; fo t e

estimates in column two wre fitted with a weiqhted regression i.?t in
Instead of treating each :)roduct ion lot equal ly, as was don- f)r tn.,

regression curve used in col n one, th prodct i rn I )ts were wpnyi-(
in proportion to the si7p of the ]:,ts. Coli,,n three learninu, c r ,',vp
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were estimated by usinq cumulative average price rather than av-r v-
price of each production lot as the dependent variable. The progres;,
curves for columns two and three were estimated using only availa. n-
data on sole-source production lots. However, AP:,J used somethirt2 ,): e'
than sole-source production lots for 10 of the 18 systems analyze:.

For columns four through six, the progress curve as provide ')y
APRO was used to derive the estimates except as specified otherwi;e in
footnotes for the TOW missi le. The actual fixed-costs incurred in
introducing competition were neglected in calculating the estimates in
these three columns; savings were calculated for recurring pr),!jcti_-n
costs only. Savings for each system were estimated for a' p )st-
competition production in column four; the first sp!it-buy coripition
awards in column five; and the first competitive buy-out aw,rd in
column six. Finally, the estimates of savings on the first cor'petitive
buy as reported in IDA 74 are given in column seven for systems included
in both sides.

In referring to the APRO predictive model, IDA concluded toat toe
two explanatory variables, projected price and ratio of post-competition
quantity to total program quantity, are insufficient to predi ct
accurately the actual savings resulting from introducing competition.
It concludes with the general assessment that these mii)dels

are insufficient for determining government policy. . . .

are forced to make inferences about the potential impact of
introducing competition . . on the basis of a sampl.,
which cannot be regarded as random and representative .
The estimated savings for any particular system is therefore
subject to considerable error. 25

RAND 81. RAND conducted a 1981 study for the Office of the Inder
Secretary of Defense for Research and Engineering. -6  It reviewed f);r
studies: ECOM 72, IDA 74, APRO 78, and IDA 79. It stated that

these studies contribute to our under tandi ng of the
competitive reprocurement process, but they do not (with tne
possible exception of electronic items) provide convincing
evidence of savings due to competitive reprocurement, nor d)
they provide reliable quantitative tools for decision-making.?-

The study highlighted the fart that savings estimates male oy
different analysts on a single system often jarv considerably as in t i
case of Shillelagh which could ranqje from 19 percert to -14 percent
It also pointod out that there is even disagreement in the
rank-orderinigs of savings by program as shwn in tahle 3-1I. RAN]) '.!
stat,( that the major difference between APBmO and I,)A 19 was that 'he
former used unit production costs and th- I.att.,r cumil3tive av:ra je
prices, and it expressed concern that neither used disco:intinu in
their calculations. It concluded that the existing I)ody of analysis 0as
not provided an adequate set of mnanagement t,)ols for estimating
either the benefits or the costs of competitivp re[)rocurement. It also
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concluded that it would "be an understatement to say that the
determinants of post-competitive price differences have not yet ,been
identified; we were unable to discover a relatively complete list of
even the potential determinants." 29  Finally it concluded that iL would
be difficult to make inferences from the data since the sample coulJ not
be construed as representative.

SAI. Beltramo and Jordan performed a review of dual-source
competition studies for Headquarters, Naval Material Command. 3 0  They
observed that much of the planning and cost estimating currently being
done for systems where competition is contemplated are not based upon
sound economic theory or supported by meaningful empirical research.

In critiquing the TASC methodology, one concern SAI had was that
TASC eliminates early sole-source buys and thus projects its sole-source
learning curve from few data points. They reanalyzed data from the
Sparrow AIM 7F guidance and control components which account for about
90 percent of the missile's cost. Projected sole-source learning curves
were estimated using three cases:

a. Average first unit cost for three Raytheon buys prior to
competition equals 75.3 percent curve.

b. Average first unit cost first for three Raytheon buys prior to
competition (to show effect of leaving off first buy) equals 74.1
percent.

c. Cumulative average costs for four Raytheon buys pricr to
competition equals 76.2 percent.

Reltramo and Jordan calculated the effects of competition, as shown on
table 3-3, for the three cases as discussed earlier in the chapter.
They concluded that, depending on the case chosen, there was an increase
in cost of from 20.5 to 27.5 percent over the estimated sole-source
cost, including nonrecurring costs. This is in contrast to a 16 percent
projected savings by TASC.

They reviewed three reports and attempted to identify the source of
"misinformation" about the AIM-7F saving government money. Toey
concluded that the TASC analysis was accomplished through a misuse of
data. First, they asserted that TASC omitted the first and 13st data
points which "can introduce significant errors into projections and
naturally enhances the chances of finding shifts and rotations." 3 1 They
also noted the misuse of data by TASC to prove a point such as including
the AIM 9-B Sidewinder in the analysis when it had only one sole-sujrce
buy prior to competition and thus it was impossible to establish sole-
source cost. They also pointed out that the AIM-D/G, which increased
cost by 74.5 percent, was omitted by TASC as were Mark 46 torpedo and
Shillelagh missiie, which also increased government costs. T'iey
concluded by saying that TASC analysis has three critical problems ,Jhich
erode any confidence one might place in its findings:

h7



1) Only competitive procurements which apparently resulted in

cost savings were included. 2) Important data which are
essential for objectively analyzing the effects of competition
were omitted from the systems considered. 3) Although the
report enthusiastically supports dual source competition in
the procurement of weapon systems, the logical conclusion
drawn from the analyses it provides does not support
competition.

32

LMI 82. Yet another review of dual-sourcing studies was accomplished by
the Logistics Management Institute (LMI) for the deputy under secretary

of defense for research and engineering (acquisition management). 3 3 In
this study LMI made the following conclusion after reviewing the ECOM,
IDA, and APRO studies:

Attempts to use prior evidence of savings achieved from
competitive rep rocurements to guide future competitive
decisions are only appropriate when such evidence is adjusted
for the characteristics that influence the level of savings
achieved. In most instances, absence of adequate data precludes
such an evaluation.
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Sherbrooke 83. A study was completed for Head uarters, Naval
Material Command by Sherbrooke and Associates in 1983.t 5  Their work
critiq es the ECOM, APRO, IDA, and TASC studies as well as an OSD
model. Their concern with the ECOM study was similar to others in
that there was no inflation or rate adjustments, nonrecurring costs were
not considered, and learning was not projected. They believe that the
IA studies fall short for the same reasons.

They believe that the APRO studies present a more reasoned approach
since estimates of parameters for first-unit cost and learning-curve
slope are estimated from data and not from regression equations. For"
example, Shillelagh cost data was used to develop estimates for
first-unit cost and slope, wh ich provided accurate estimates. if

aggregate data had been used, according to Sherbrooke, a much steeper

slope that would have been obtained that would have illogically
reflected some nonrecurring costs. They also felt that competition
s3vings were overstated as no production rate was included in the study.
Also, they did not favor APRO calculating savings percentages over total
program production quantity.

As with SAI, Sherbrooke researchers were disenchanted with the TASC
model. They believe that there is substantial reason for skepticism,
noting the illogical conceptual framework and he less than rigorous
statistical work behind the parameters estimates.

3 7

They criticized TASC for not puhlishing its basis for deflation and

pointed out that this can create uncertainty. For example, they showpd
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tha: the 1979 price used by TASC was 56 percent of the 1975 price for
tnie leader on the Sparrow program instead of the 51) percent as esti ,0,t d
by TASC. When these revised data are used in a reanalysis, the
procurement does not appear to have produced savings, a conclusion also
reached by SAI.

The primary Sherbrooke concern is that TASC is trying to estimate
too many parameters from too little data. Specifically it could
simultaneously be trying to estimate as many as five parameters:
first-unit cost, pre- and post-competition learning curve rates,
production rate parameter, and optimal production rate from only five to
seven years of data.

After these general comments, Sherbrooke examines specifi missile
programs and identifies individual problems. Reanalysis of the Sparrow
program, for example showed the following:

TASC ReAnalysis t

First-Unit Cost: 415,336 426,548 (15.5)
Noncompetitive Cost Improvement
Curve Parameter: .846 .831 (21.9i

Competitive Cost Improvement
Curve Parameter: .777 .824 (31.5)

Production Curve Parameter: .985 N.S.

The reanalysis shows that the competitive cost improvement parameter
flattens out more than that calculated by TASC (with almost no change)
and that the production rate parameter is not significant. In contrast
to the TASC analysis which stated it could not identify the statistical
significance of its results, the Sherbrooke analysis was significant at
the 95 percent level. 3 8  Similar results were shown for General
i)ynami cs:

General ynami-cs TASC Reanalysis t

First-Unit Cost: 450,186 437,171 (3i.9)
Noncompetitive Cost Improvement

Curve Parameter .874 .803 ( 3.3)
Competitive Cost Improvement

Curve Parameter: .759 .803 ( t.2)
Production F.ate Curve Parameter: .923 N.S

Analysis was attempted with the Bullpup, TOW and Sidewinder data. The
Rullpup had the same results as did Sparrow, and Sherbrooke felt too
little data existed to accomplish TOW or Sidewinder AIM-93 analysis.

They recommended that the TASC approach he dropped entirely, both
as a research tool for considering past programs and as an ex ante model
supporting decision makers. 39  In its place, Sherhrooke recommended tle
use in ex ante analyses of learning curve, and rate parameters that are
specific to product groups.



Conc. 11usions

There is currently no robust theory for identifying the projected
impact of introduci-j competition in the production stage of the weapons
acquisition process. The models have become more comprehensive over
time as the data have been repeatedly reanalyzed. Moreover, the more
recent research has attempted to reach beyond contract data and identify
explanatory variables for savings estimates. Beltramo considers the
method of competition--whether buy-out or split avard--as heinn that
variable. Greer and Liao identify contractor "hungriness"--measured by
capacity utilization in the aerospace industry--as being the key
predictor of savings. However, both studies rely on estimates of
savings or loss that have little statistical validity for the reasons
already delineated.

An analytical model to describe pricing4 0 by contractors dealing
with the government ought to consider (1) the technology involved in
producing a given item, (2) the markets for the firms' inputs, and (3)
the business and final product marketing climate in which the firm
operates. A robust pricing theory would have to identify changes in
these asperts over time to be able to account for changes in price over
time. Reltr imo, and Greer and Liao attempt to focus on the third aspect
without adjusting data over time to account for the first two aspects.

Any model that accirately describes the defense procurement
process over time would have many more variahles arranged in a system of
interactive equations than are normally included in such a study.
Simpler models suffer both from omitted variable bias and from a related
problem--simultaneity bias. Even if an accurate, parsimonious model is
develcped t- account for historical relationships, such models are apt
to forecast poorly whenever relationships among the conditions bearing
on the procure±ment vary from those prevailing when the data used to
estimate the model were generated.

Let us tirst consider the paper by TASC. While it provides some
!,seful insiqhts and suggests a1n innovative solution, tne author agrees
with other analysts that there are flaws in the 'T-_ I that seem to
counterindicate an uncritical forecasting application. Certainly the
'1o 1 does not perforn, a; well as the paper claims. We find
snortcomings in the general theory, in the data, and in the statistical
method. And the resparchers nave omitted frcn, the studies the details
necessary to evaluatt.. the work more completely.

As previously discussed, the TAS research consists of three
,v dels. Toe first is d basic learnin curve model, or in TASC's
terminolojy, a "cost improvement curve" riodel. lhe unit-cost expression
i; ronv?.ntional•

Y = A ,

r. .II



Y = unit cost

Q = cumulative production

A = first-unit cost

B = parameter

The second model is an extension of the cost-improvement curve model
with tne addition of a term to capture the effects of changes in
production rate. This provision, based on the expectation that the
region of decreasing costs covers most defense industry production,
makes the TASC Rate Analysis Curve model:

Y = AQBRC

Where:

Y, Q, A = as above

R = production rate

B, C = parameters

Production rate measures are not available, so a proxy measure--
annual lot size--is used in their stead.

These models are estimated using a nonlinear estimating technique.
An empirical example is made using data from the A\IM 7 (Sparrow) missile
program as reported by SAI. An apparently innovative technique is used
to make the regressing equation consistent with the data, which include
average lot costs. Unfortunately, that estimating equation is not
presented; rather, we are left to infer it. Since the estimating
equation is neither linear nor easily linearized, non-linear "curve
fitting" techniques are used. Again, we are not told what curve fitting
strategy is followed, only that it is effected by means of Newton's
method, a procedure for finding approximate solutions by means of
successive iterations. Further, there are only eight observations in
the SAI data set.

Perhaps the biggest problem with the TASC production rate model is
its simplistic form. Ironically, the study goes to some length to
establish the problem of omitted variable bias in the simple
cost-improvement model. And our discussion of the elements a
d'scriptive/ forecasting model ought to contain should serve to
illustrate the extent to which the TASC production rate model is itself
iubject to ommitted variable bias.

The only estimation results presented were parameter estimates and
the sum of squared error terms (SSF), a goodness of fit measure. The
study excused the absence of any other statistical information with the
remark that nonlinear curve-fitting tcchniqies I,-hKed associated test
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statistics. Such nonlinear techniques follow one of two forms:
likelihood function maximization or squared-error minimization. TASC
used the squared-error minimization technique, which can be tested for
statistical significance. Specifically, the likelihood ratio test can
be used to test whether, for example, the parameter in equation (2) is
different from zero, which in effect tests if there is any benefit to
adding the production rate term to the simple cost-improvement model.

4 1

Comparison of the SSEs from the cost-improvement model with those
from the production rate model reveals a curious fact. The addition of
a variable--production rate--to the cost-improvement model yields the
Production rate model. Therefore, one would expect SSE to qo down and
Pseudo-R 2 to go up, going from equation (1) to equation (2). 4 2 This is
not the case; the cost improvement model gives a higher Pseudo-R 2 than
the production rate model (.995156 to .989044, our calculation), and the
cost-improvement model also gives a smaller SSE (6.293E8 to 6.369E8).
This may indicate that the algorithm used to implement the optimization
routine is not sufficiently powerful to achieve convergence on more
complex problems without making search steps larger and coarsening
convergence tolerances. This question is largely ignored in the TASC
reports, while much is made of the fact that the SSE for fitting total
lot cost is improved. The SSE for total lot cost is not the appropriate
indicator for goodness of fit; average lot cost is the measure fitted by
the equation. We can find the estimated total lot cost by multiplying
estimated average lot cost for a given lot by the number of units pro-
duced in that lot. The better fit, measured by SSE, of total lot cost
is a coincidence, due to the fact that the larger model fits average
costs better for the later, larger lots. This is to be expected, since
production has become more routine by the time the later lots are
produced.

The third model presented in the TASC paper incorporates into the
production rate model consideration of whether or not a given lot is
procured under dual-sourcing. The technique used is to incorporate a
dummy variable to "snift and rotate" the cost-improvement curve. The
specific form is:

Y = a Fexp(d-DC)]Q(b+fDC)Rc

where DC is a binary with a value of one when the lot is orocured under
competition and zero otherwise. From a curve-fitting perspective, this
is a reasonably artful use of dummy variables.

This extended model is then fitted using both the SAI data and data
sjppi e by the AIM-7 program office. These latter data are described
in the report as more reliable than those published by SAI. The
question naturally arises as to why the SAI data were used in the first
9pIce. Why weren't all the modeIs fitted using the superior data?
Fjrtner, the program office data valie'; avera;, about 5) percent smaller
than tht- -orresponding values in the SAI set. (Clearly, some different
vari-b le definition is involved, hut there i-, no 1 i sim n of this fact
or 4hat lies behind it.
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rhe first four production lots of the AIM-7 were produced under
sole source arrangements, and then were procured in 1977-1979 !1 3,. in
the SAI set) under the split-buy arrangement. In effect, the snift and
rotation parameters are fitted to only three observations, usin,, the
program office data. Since overall the model is fitted from :renrd
data in five total parameters for seven observations, it is not
surprising that the fit is quite good and that the last three
observations are estimated with almost no error. This virtually ersires
a small SSE in total lot cost. In addition, the very small dati set
makes the strong claims TASC advances for this model appear
exaggerated.

Finally, the construct of the "best competitive curve" in chapter 4
of the paper seems questionable. The model specifies that the original
source's learning curve both shifts and rotates with the introduction of
competition. As drawn in figure 3-2 on page 52, the post-competition
portion of the original source's learning curve is steeper than the
"best competitive curve." The accompanying description suggests that
this must always be so. According to the model, if competition were
introduced from the onset, it would both shift and rotate the learning
curve downward to a locus everywhere below the post competition learning
curve shown in the figure. We doubt the usefulness of the latter as a
predictive tool as it might not be possible for the sole-source
contractor to shift his costs to always intersect with the best
competitive curve.

Greer and Liao offer an alternative approach, incorporating into
their model consideration of an important measure of business
conditions: capacity utilization. Basically, they argue that an
important element in forecasting a contractor's pricing behavior is the
percentage of his total productive capacity that is being utilized.
When capacity utilization is low, firms are "hungry" and likely to
respond to competitive pressure with lower bids than otherwise. Since
capacity utilization rate data are not available for individual firms,
Greer and Liao use the average rate of capacity utilization for toe
appropriate sector of industry as a proxy. While capacity utilization
is an important consideration, there are both statistical and theoretic
shortcomings in their paper.

As part of the tangential argument to support the contention that
excps ive zeal in government cost-minimization is misplaced, Greer and
Liao attempt to show that defense business is characterized both hy
lower returns on investment and higher risks than is civilian ousmnos.
Their approach is to regress by ordinary leasL squares (Ji t~o
measures of return on investment--profit on sales, and profit o, net
worth--against the percentage of a firm's business accounted for by
the government. (They use government business as a proxy for D]Y)
business.) Their data base is substantial, covering some 25 fir:m1s
in the aerospace industry for the 20-year period from 1 63 to I9 2.
They run separate regressions for each firm.
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The regression of profit measures against the portion of total
business done with the government indicates a negative relationship.
Possible errors enter the analysis when an attempt is made to analyze
risk using this model. The authors project the profitability that each
firm could expect both at 0 percent government business and at 100
percent government business. They then choose as measures of riskiness
the standard errors of profitability at no government business and they
compare the two to assess the relative riskiness of doing business with
the government.

We have three criticisms of this procedure. First, the linear
extrapolation of the extremes of business composition for firms whose
average concentrations of business run in the range of 40-60 percent
(according to the authors) seems likely to be inaccurate. Second,
standard deviation is an appropriate measure of risk only under special
circumstances. For the analysis at hand, however, it may be the best
simple measure available. The most serious problem concerns the measure
of risk used.

When projecting the profitability (P) associated with a given
proportion of government business (GB), using the following model:

P = a + b.Gv3 * e

where e is a residual, the variance of a forecast for some PQ depends
on, among other things, the difference between the associated GB0 and
the mean of GB in the sample used to fit the regression. Forecasting
far from the sample mean, as is the case here, implies a fair amount of
inaccuracy. This procedure will bias the calculation of profit
variability at business extremes unless the sample mean for each firm
is 50 percent government business. We can also state the direction of
this bias. If the average portion of government business is less than
50 percent, then the bias will tend to make government business appear
more risky than private sector business. Conversely, if government
business is greater than 50 percent of the total, the bias will tend to
make private business look more risky than government business. Since
the authors do not provide either firm or total sample husiness
composition means, we cannot make a specific assessment of the effects
on the bias in this case.

The main thrust of the paper involves estimating two alternative
pricing models and using the results to argue that success in dual-
sourcing (meas ired in terms of proqrami -'avings ) depends on the amnunt -f
excess capacity among 1ffpcfpd cr)ntrirtors. Wnile this is plauisihl,
tnere are some problem;, qith the st atitica! word and, in particular,
witn errors in interpreting toe rpilts.

(reer and Liao posit tn.o tu i )d i s tht hjv l, iIready hoon
'I i Clmss-d. Therp i; a pru'1'mrt, on rimto i ,)f I ! Il I i i r to) trlit' dfve lr[o d
, n the TS% paper, r i tten ac fo) 1 /,i.

14.



and a capacity-utilization model, written:

P = aQblJCexp(dM + fN)

Where:

P = unit price

Q = cumulative production

R = production rate

U = percentage of plant capacity utilized in the indjstry

M = a dummy variable of the value of one if the buy was indpr
split-buy and zero otherwise.

N = dummy variable taking on a value of one if the buj was in
the first year after a winner-take-all competition and zero
otherwise.

Estimating equation (5) separately on the data for eacr ; ra

gave rather poor revilts, both for the original system develope, and for
the second source. -

, However, the authors' statistical 'nethods cojl
perhaps be improved upon. We will cover these matters nelow in o jr

discussion of their treatment of the capacity-utilization model.

The capacity-utilization model gave results that on the s-rface
appear reasonable, both for the oriaiinal developing firm and f)r tne
second source. And this model form gave better predictive resilts tnan
did the production rate model. However, tnere are some statistial
issues which are troublesome, though not necessarily fatal to th.
argument. First, the authors do not Provide any of toe conventio, 2
summary statistics for any of their regression analyses. Since there
are many of these, this material could he given in an appendix.

The paper does provide the average and tne ,'edian parameter valje;
from separate regressions on each project. Tne mean and meli r

calculated after eliminating "outliers." It is poor proced,' e to
eliminate an outlier. The definition of an outlier is based on ;)yn

notion of what are reasonable results coupled with the observed cnr,
tendency of all results. The exceptional case often caries "-'e
information than the routine--and may be an indication of the inaie:,i-y
of theory, for example. The bottom line on Pli'-inating "outlier;" is
that it leads to a tendency to discard informitir, at vriance with oIr
preconceived notions.

There are also more ,fficipnt ways to fi1 "average" #na'ete-
v alues. A common practice is to pa:ol the lata fr,)n II activ'iic . ne
believes can be descrohd by a sinilo n,)dpl, and ,ti.aate a
set jointly.' 1  Tni s qveS Toe ,fficieot (acmrat estimation f Ine

structliral parmmeters il-)n-j with a procedrjr ao tct 4notner -r i:ot an
av-rage" set of paramPters desr' ing tiese ictivities i' apos o')ite.



Finally, some of the conclusions argued by Greer and Liao,
apparently based on the stated results from their capacity-utilization
model, cannot be substained based on those results. Let's consider
their fit of the capacity-utilization equation using median parameter
values:

b = -.278 d = -.201
c = 1.250 f = -.854

On page 4-4 of their paper, the auchors argue that competition is
necessary to induce a firm to lower its price when it has unused
capacity. On page 4-13, they go on to say, "There is no reason to
believe prices react to 'hungriness' when the acquisition program is
conducted without competition." The model results do not hear out these
assertions.

Let us consider two commonly used measures of responsiveness: the
partial derivative of price with respect to capacity utilization, and
the elasticity of price with respect to capacity utilization. While the
first measure is a common mathematical term, the second should be
defined. The elasticity of price with respect to capacity utilization,
or the percentage change in price accompanying a one percent change in
capacity utilization, is:

Percentale chane in priceE = - -_ e i ri ......... . . . . . . __

Percentage change in capacity utilization

An equivalent definition is

- P U

If we take the partial derivative of price with respect to capacity
utilization, we find it to be

.P = c(aQb(c -1 1 exp(d.m + f-nl

=c TU

Tnis implies that for any initial capacity-utilizatin level, and any
value of c, the higher the P the greater will be the change in price
that accompanies a small, fixed change, in capacity utilization. Since
both d and f are negative, P wi 1 Ii lower in the presence of
co-ipetition than in its absence. Hence, we conc 1 ,lb from the model that.
tno change in prico generated by a fix ,ei chan-je in capacity utili zation

-reater in the absence of c-op,,t, ion thin in ifs ,oresence.

In the model, the elasticity of ,rice with resppct to capacity
it iization level; is invariint wi'h resrpect to whethor i)r not the uv

is coipeted. The ola.iiti V is:
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U P U P

And c is a constant. Both these results show that the structure f z) e
capacity-utilization model is not consonant with the authors' ren K'

about competition being a necessary condition to extract orIce
concessions frocn contractors having excess capacity.

A numerical ii lustration may be useful. Suppose a = 1.0 inc v iJe

is given, but any positive number will do for the example). Further
suppose that Q = 1000 and U = (6 percent. With no competition, P =
27.05. A fall in capacity utilization to 60 percent yields a price of P
= 24.47, for a price reduction of 2.58. The arc elasticity of price
with respect to capacity utilization is cE = 1.25. If we alternatively
consider a split-bid competitive buy, with U = 65 percent cd aCity
utilization and cumulative production of Q 1 1000, then P 22.12; andl a
fall in capacity utilization to U = 60 percent gives P 20.:D!, f,;r 3
price reduction of only 2.11. Again, the arc plasticity of price witn
respect to capacity utilization is £ 1.25.

Greer and Liao also contend (p. 5.1' that savings or losses in
dual-sourcing can largely he explained hy capacity utilization, .4itn
losses from dial-sourcing occurring at high capacity-utilization 1-Vels.
Their model contradicts this propos ition as wel1, as can be seen .th

another numerical illustrdtion. Suppose again that a m 1.0, j
but U = 30 percent. Now suppose a split-bu c-ipetition is initat
The original source 's price before competition is = 3n.'06.
post-competition price is P - ?,.68 for a unit price improvenen. :f
6.33. Suppose that all other figures remnain toe same, ut that -'e
capacity utilization level is '. 0 pPrcPnt. The noncomoetitive Pri-
is now P = 24.47. After competition is introdiced, the price falls ll
20.02, for an improvement of only 4.45. Since in the ,ode -ne
introduction of compptition improves price more at higher ieve's of
capacity utilization, we contend that the model contradicts rathe- -oa3
sipports the il-thors' argiu;ient.

Greer and Li ao's argument has i nt'iit i ve appeal, b it tn ,
discursion points to an iI l-despined model . it co I o, irons
give more sensi nl> responsivenvs, rPCA It.s )y ma1- ing tf;e e '):s
capacity utilization depend on the presence r;r a,en e of con-o'c
and hy making coefficients on the duiis for the irtr ft f
competition dIppend on capicitj-it ilizati'sn levels, s '>)1l1rs:

ini; rh, t-r f en-d rt' i p e. ro : i, n ,,
P,:.t -d to i pa'it iy the c) e),ne it t -

r v1 ; rd t ne i lata, m thoI,, I , 1 na C I, I "
1, lf r rnt Stii=, ]na] ¢z i ., ane ;)in, r" I r



estimates of savings or increased cost to the government. It also found
that no rule-of-thumb exists that points to a fixed percentage savings--
such as 25 percent--accruing to the government whenever a weapon system
is competed in production.

We identified several reasons why estimates of savings were

different between studi-s:

(1) Different inflation adjustments and data manipulation

(2) Different bases for calculation of savings estimates, such as
first calculation of savings competitive hui versus total program

(3) Inclusion of different systems

(4 Specification bias since some calculations net out
nonrecurring costs while others report gross savings

None of the studies considered extra costs to the government such
as source-selection, contract administration or configuration management
costs. Moreover, no study addrp sed the potentially favorahle or
uofivorable impacts on other stagps of the program such as hetter spare
;)arts pricing because of the existence of a technical data package, or
claims resulting from - poor technical data package. And the majority
of systems studied to date have been low dollar value, high quantity
systems that were mass produced. To extrapolatp the results in a
p-edictive sense to high dollar value low quantity systems should he
done very cauti-omsly.

Published critilues of these studies were reviewed. They were
unanimous in their conclusions that. therP is not adequate data, even it
there were a methodology, to devplop in a prPdictive sense a statistical
procedure to capture the simultaneous equation system necessary to

Ientify the impacts we discussed earlier--factor inputs, markets, and
technology. (This conclusion waS initially stated in the 1972 ECOM
s I dy I In fact, we shewed how at least one study yields results that
contradict the assertions claimed by the analysts.

.iotwithstanding the shortcomings discussed abov , three points mot
he made. Dual-sourcing of weapons is done for many purposes--to develop

I rge capability, to advance tecnnol iOPcal progress, and to foster
citr-ctor cooperation among othprs,--not just to reduce weapon systms
cost. Therefore, a sampl 1 of prngrims that have hen competpd cannot
be cons ilered a random sampl1 , and rep;)re-senttive (of al l prr)cirements
s i1 h that the results can he ,trapol ft'd to othf' pr r i ' l, '-Ithll

that has been done at. te hi het V Ip 0) the eCx It ivP .T,
], 1 vc, t ) or ,ichPs. And a scon o ini t which sten, f '-wi L toe(, fir,t 1

t (n do not vnr)w when (c n e- t itiOn 1 ,&kt t, rpdIired ,-)r t fir prof
f t jrVern " t is Sing Its lv( r~ie in the -h,;- r t. r'ri t' rplucre

pr )f it, eSpecial ly in 1 ight of ,vi lenr, that hint; pr f t on defense
";r' S are -,q than commcl oa;I nI -, We nay be eret t (ting iV the,
"'rt r,jn at t P- npen of th on-r jn vi iV li y it our ,defnsef



industry. The available data that we have 3t the contract price level
(cost plus profit) simply does not allow us to draw these iryo tant
distinctions. Finally, we must avoid uncritical application of
mechanical techniques to forecast future savings from historical lati.

Chapter 4 will explore program-specific analyses that flave :ee
conducted to help determine the cost effectiveness of dual-sourcing.
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CHAPTER 4

PROGRAM SPECIFIC COMPET[ON ANAL6SES

rhe weapons acquisition process requires thit cost estimates ')e
conducted for a variety of reasons and at a number of levels. Progri': 1
Tn clagers must develop alternative acquisition strate- gies and cost
estimates to evaluate each strategy 's effectiveness in completing the

,uii :,)n as set out in the program manager's program oianigement plan.
In accordance with DOD directives, separate cost analyses must be
conducted for major weapons systems as an independent tr;. )f the
reasonableness of program office estimates.1  These analyses can be as
extensive as a detailed independent cost analysis (ICA) in support of a
Defense System Acquisition Review Council (DSARC) decision to apprq-
)rogression of a weapon system from one acquisition stage to another as
discussed in chapter 2. Somewhat less detailed is an independent
sufficiency review that consists of a summary review of a program office
estimate. Finally, the least detailed cost analysis consists of an
independent cost study that reviews program office ground rules and
estimating methodologies. Whereas the first two are compared to prog,,n
office i:stinates, the latter does not necessarily include an evaluation
and a detailed comparison ,ith a program office estimate.

The balance of thi- ci,.-ier outlines selected Army, Navy, and Air
Force program office and ICA analysis methodologies for estimating the
costs and benefits of dial-sourcing weapons in production. First,
however, is a quick review of cost-estimating techniques to set the
stage for the remainder of the cha,,-'r'.

Cost-Estimating Methods

Cost-estimating methods used in making an individual analysis viv:'
wi(Iely among analysts. However, three methods of estimating are
generally available: analogy, parametric, and the industrial engineer-
ing approaches.

Analogy and parametric methods are "top down" approaches because they
forecast total program costs as a single number. Analogy -stifnates ar,'
based on data from similar past programs or tasks, with adjustments male
for differences in the present program. They generally involve the use
of learning curves and their power function adjustments.

Parametric estinates develop a cost-estimating relationship qhere
cost is determined from an estimate of a physical or performance
characteristic of the rmgm'm , ';mh as weight or speed of the system. It
can also be based on the number of personnel assigned to a level-of-
effort task. One example of a parametric cost-estimating method was
developed hy RCA. Its Programmed Review of Information for Costing and
Evaluation (P IC) model was 1-I -i:l fr estiating enginepring
development costs of electronic e luipment.
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The industrial engineering approach is a "bottom's up" estimnai j
t~chnique that estimates each of the cost elements of the program. It
is generally the most accurate as it is accomplished after firm designs
are known an! ,r li , technologies established. This technique can
also use learning curves for individual laobr elements.

Although these methods are discissd as discrete methods, they

are not used independently. The engineering approach, for example, r an
itilize analogy or cost estimating relatihi. i -in t the
individual cost elements.

Proqgram Analyses

The military services and OSD all have conducted program specific
competition analyses. We will now examine selected program specific
studies, reviewing the factors considered in the analysis (as identified
in chapter 2), methods of analysis, and statistical treatment of data.

IIR Maverick

The IIR Maverick is an imaging infrared guided missile designed to
target tanks, bunkers and other ground targets. The missile was
designed by Hughes Aircraft Company and has two major sections--the
imaging infrared guidance and control section (GCS) and the center/aft
section (CAS). The GCS is unique to this system, while the CAS is
common to TV, laser and IIR Mavericks.

Production of the IIR Maverick began in FY 82 with 200 missiles.
Current planning includes the production of 500 units in FY 85 with
competition starting in FY 86 for the remainder of the 60,664 missile
requirement between FY 82 and FY 90.

On 24 November 1982 Headquarters USAF directed that an independent
cost analysis of the program be performed. The ICA was completed in
February 1983 as an independent test of the reasonableness of the
program office estimate.2  It was developed using three scenarios:
(a) a 50/50 split in years 1986 through 1990, (b) a 50/50 split in 1986
with a buy out from one producer for the 1987 and future requirements,
and (c) an 80/20 split between Hughes and the second source.

The general methodology was to make a building block estimate of
the cost of a Hughes' sole-source buy and reduce the relevant costs to
reflect the effects of competition. Methods used to develop the Hughes
estimate included the RCA Price-H model, an analogous estimate of the FMS
program and IIR production lot, purchase order data, and the TV Maverick
cost history among other sources.

The methodology for estimating the effects of competition was based
on the model developed by The Analytic Sciences Corporation (TASC), which

snowed three effects:



fee reduction 4 percent

other overall cost reduction 8 percent 12% + 2

greater learning 4 percent

The ICA accepted the TASC numbers and took a 5 percent fee reduction, a
9 percent other overall cost reduction, and a 4 percent greater learning
factor against the guidance and control section starting in FY 86. The
most optimistic estimate in the uncertainty band estimated by TASC w.s
used. For the center aft section only a 5 percent fee reduction was
taken because the component was presently being procured under the TV
Maverick program and it was felt that the learning had terminated.

The following results were obtained showing the forecasted
sole-source cost and expected cost of the three competitive scenarios in
base and then-year (TY) dollars:

TY Dollars FY 82 Jollars
Millions

50/50 split 5,794 4,003

50/50 FY 86 followed
by buy-out 5,461 3,794

80/20 split 5,651 3,911

Sole-source 5,866 4,042

These figures show that if the FY 86 50/50 award is made and is

followed by a multiyear buy-out, there would be a savings of 248 million
dollars over the projected sole-source cost. This equates to 6 percent
of total program cost in FY 82 dollars. As stated, point estimates of
the probable cost under the three scenarios were made by applying the
most optimistic average percentage reductions to the respective cost
elements estimated in the sole-source case. If the ICA had used other
than the most optimistic estimates, the lowest price ICA scenario would
have been higher and much closer to the SPO estimate of 5,513 million
dollars.

In developing its sole-source estimate, the ICA team assumed the
second source would be developed and "that after the FY 85 buy of 500
units from the second source, the Air Force decides to abandon the
notion of competition (for son unknown reason) and purchases the
remaining missiles from Hughes."" In addition to the learning curve
penalties of having the second source produce the 500 missiles on its
learning curve rather than Hughes produce them down its learning curve,
the following second-source costs were also included in the sole-source
estimate because of this assumption:4
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TY $, Millions

tooling 47.35

qualification 87.84

system engineering/program mgt 36260

TOTAL 111.79

It would have been more appropriate for the ICA team to have excluded
these second-source development costs from the sole-source estimate if
it was attempting to identify the cost-reduction implications of the
competition as stated in its report. 5

It did not use discounted cash flows, nor did it consider the
additional source selection and contract administration costs. Finally,
it discussed the impacts on program costs for spares but did not
quantify them. Nor did it consider the effects on the price of other
government programs such as the TV, FMS, laser, and Navy IIR Maverick
programs.

LANTIRN

The Air Force is presently developing the low-altitude infrared
navigation and targeting system (LANTIRN) developed by Martin-Marietta
Corporation (MMC). The system consists of two externally mounted pods
with 720 pod sets programmed for purchase and use on the F-16 and A-1O
aircraft for night under-the-weather attack capability.

Congress prohibited the obligation or expenditure of any FY 83
development funds for the targeting pod until there was a competitive
demonstration between the LANTIRN targeting pod and the product improved
F/A-18 FUR targeting pod developed by Ford Aerospace. TASC published a
report in May 1983 at the request of the LANTIRN program office which
outlined possible competitive strategies that would satisfy
congressional and Air Force objectives.

6

The May 1983 submission updated a July 1982 plan which initially
developed alternative acquisition strategies and identified potential R
R D and procurement costs for LANTIRN. The updated report disqr-ssed the

competitive fly-off, five leader/follower alternatives, and ( ..owionent
breakout program.

Recurring cost-savings estimates for the competitive fly-off were
estimated at 7 percent in then-year dollars. This was considered a
reasonable estimate based on a reference to the APRO 78 study discussed
earlier. From this figure TASC analysts subtracted additional
development and schedule impact (inflation) costs, which resulted in an
added cost of 133.5 million in then-year dollars for this option.
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The five leader/follower alternatives included combinations ,s'ng
the pods as a set or competitive procurement of only the targeting pod.
Alternate I is the targeting pod only with a production rate of 16 per
month and competition starting in lot 2 with a multiyear buy-out for the
last two buys. Alternative Ila is similar to I except competi-ion
starts at lot 3. Alternative hb is similar to Ila except production is
12 per month. Alternative III(a) involves competition for hoth pods
with production at 16 pods per month and competition starting with lot
3. Alternative 111(b) is similar to ll1a except for production of I?
pods per month.

The analysts estimated program costs of the leader/follower
acquisition strategies hy using TASC's production cost analysis
predictive methodology (PCAM) discussed in chapter 3. Use of this model
involves estimating the syscem developer's shift and rotation of the
learning curve. In a predictive sense, the model assumes that the
system developer alters his cost behavior just enough to stay ahead of
the second producer in a competitive environment. This translates into
a shift and rotation of the system developer's cost-improvement curve
adequate to intersect the best competitive curve at the end of the
planned production run. Furthermore, once parity is achieved, if
production quantities are extended, the producer continues to follow the
best competitive curve. The model calculates the system developer's
shift and rotation on the assumption that he bids to win. And it
implicitly assumes that he has perfect insight into the second source's
cost behavior. Ic also assumes the second source is always less
expensive than the first source.

The calculation of a projected shift for the system developer
involves projecting each producer's unit cost up to the point of
competition. The difference between the projections establishes the
amount the original producer must reduce his cost to win tie
competition. The general equations required to calculate the requiied
shift and rotation are presented below. They assume that the developer
produced N units prior to competition and that the second source
produced K units prior to competition.

Cost of Developer N + I unit -

A(N + I) B (y)C

Cost of the Second Source K + I unit

D(K + I)E (X)F

Developer's Cost Improvement Curve Shift

D(K + I)E (X)F

I-

A(N) + 1)3 (Y)C



Where:

A and D represent first-unit costs.

B and E represent the log of cost improvement rate/log of 2.

Y and X represent optimal lot sizes.

C and F represent log of production rate parameter/log of 2 for
the developer and second source, respectively.

Calculation of a rotation of the system developer's cost-
improvement curve is based upon the cost reduction he must attain to
continue to win the competitive awards through the remaining production
run. The general form of the equation used to calculate rotations for
the LANTIRN system developer and leader is logarithmic:

(in 2) in I/SMa
In R =-

in (N + 1)/M

Where:

R is the rotation.

S is the ratio of second source's K+1 unit cost/developer's N+1
unit cost.

M is the number of units produced when the rotated curve meets the

best competitive curve.

N+1 is the first competitive unit.

a is the negative logarithm of best competitive rate/developer's
rate divided by the In of 2.

Using this predictive methodology, TASC estimated the costs and benefits
in then-year dollars as reflected in table 4.1. 7  No further detail
beyond this chart was reported in the analysis.

The TASC analysts concluded that total program cost reductions
ranged between $118.9 and $275.2 million in then-year dollars. They
included the following caveat with the estimate:

This update of the LANTIRN Competitive Procurement Plan

was a quick reaction re-look at several acquisition strategy
alternatives and the results are Rough Order of Magnitude. We
recommend that if the Program Office is interested in pursuing
any of these options, more analysis should be done. In other
words, a thorough analysis of what makes sense as a LANTIRN
Acquisition Strategy--a detailed examination of system

elements, contract options, data rights, etc., and a carefully
constructed cost/benefits analysis must be accomplished prior
to structuring a viable acquisition alternative.

8
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Table 4-1
LANTIRN

Leader/Follower (L/F) Alternatives

Potential Savings

Production L/F L/F Potential
Alternatives System Rate Savings Qual Costs Net Savinjs

TY$ TY$ TYS

*I-L/F Only Target Pod 16/Month 309.8M 176.6M 133.2M

-L/F W/Buy-out Target Pod 16/Month 402.5M 176.6M 225.9M

*IIa-L/F Only Target Pod 16/Month 301.OM 182.1M 1113.9M

IIb-L/F Only Target Pod 12/Month 307.8M 168.OM 139.8M

I1Ia-L/F Only Both Pods 16/Month 449.4M 231.5M 217.9M

IIIb-L/F Only Both Pods 12/Month 501.OM 225.8M 275.2M

* Difference is for Alternative I, competitive split began at lot 2; for

Alternative IHa, competitive split began at lot 3.

This analysis projected a downward shift of 20 percent in the
learning curve and a rotation to 64 percent from a 92-percent curve.
When questioned by the government, the TASC analysts could not
reconstruct the analysis. And a subsequent TASC analysis showed a shift
of the learning curve of 9 percent and a rotation to 88 percent. 9

As a result of the TASC report, the program office issued a Cost
Alert List (CAL) projecting a savings of $139 million in base-year 1980
dollars and $320 million in then-year dollars. On 8 August 1983 ASD/ACC
reevaluated the proposed savings but could not validate them for several
reasons. First, they believed data used to compute TASC cost-estimating
relationships were obtained from systems procured in large quantities
(up to 10 times more) and lower unit cost (15 to over 100 times less
expensive) and they stated conclusions from these data could not be
extrapolated to LANTIRN. Second, the subsequent TASC analysis reduced
the base-year savings estimate to $5 million. Third, TASC reduced the
program costs based on decreased systems engineering/program management
and data requirements. ASD/AC did not accept these reductions. Fourth,
TASC imputed a reduction of 27 percent of recurring hardware savings for
reduced general and administrative (G&A) expense and fee. However, the
G&A expense and fee in the baseline cost estimates were already included
in the recurring cost savings. These adjustments changed tne T SC
estimate to a net increase in base-year '30 dollars of $38 million.
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ASD/AC reestimated competitive savings using methodoloqy similar to
that employed on the Aeronautical Systems Division (ASD) HIR Maverick
ICA. ASO/ACC projects an additional $106 million (FY 80$) would be
required as shown in table 4-2.

Table 4-2

ASO/ACC LANTIRN ICA (720 Units)
(BY8O$, Millions)

With Without

Competition Competition Savings

Recurring Hardware

Leader (MMC) $776

Follower 250

Subtotal $1,026 $1,045 $ 19

Other Costs 704 576 -128

Engineering Change
Orders 104 107 3

TOTAL $1,834 $1,728 $-106 (NET Add)

Neither estimate considered the added costs to the government
for selecting the second source, monitoring technical transfer, or
administering the additional contracts. They also did not address the
potential impact on company-funded R&D, overhead impacts, or the benefits
to be gained through competition for required spare parts. In addition,
the estimates did not discount cash flows.

AMRAAM

The advanced medium range air-to-air missile (AMRAAM) was developed
by the Hughes Aircraft Company. An estimated twenty thousand missiles
will be built over the nine-year period ending in 1992. Competition
between Hughes and Raytheon was examined as a potential acquisition
strategy using the leader/follower technique with three years of
directed buys and competition involving four additional lots.

Analysis of the potential impact of program costs under competitive
leader/follower procurement was undertaken to study the cost impact of
conpetition on the air vehicle.1 0  According to comptroller personnel,
the analysis was jndertaken in-house because TASC's analysis was not
acceptable.

1 1
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Armament Division (AD) developed a competition interactive compiter
model that used parameters developed from Sparrow and Sidewinder data to
generate total estimated competitive cost for AMRAAM. This 4as
accomplished by an analogous extrapolation to future AMRAAM lots of the
Sparrow and Sidewinder data to Hughes proposals for A'.1.AAM lots i and
I. AD felt that this was reasonable since both Sparrow and Sidewinde'
programs were sole-source procurements followed by competitive
procurements. Proposal data for these procurements were available for
seven lots, and data were submitted for five different production:
quantities or step bids within each lot.

The analysis of the proposal data involved four cost elements:
material, direct manufacturing labor, manufacturing support labor, and
engineering support labor. Noncompetitive and competitive recurring
cost trends were identified between production lots and for each bid
quantity within a production lot using cost-improvement curve analysis
for each cost element. Nonrecurring costs were estimated from AM AA4
program office sole-source estimates.

An analysis of the cost-improvement curves for the submitted step
bids for each lot showed that the curves had a range that could reflect
(a) contractor competitive bidding strategy, (b) cost improvement, or fc)
production rate effects. No attempt was made to separate the individual
impact of these variables on the data.

Analysts calculated the competitive cost-improvement curve in two
steps. First, they calculated the projected bottom point on the
cost-improvement curve for each cost element (where the cost improvement
stops) by using the ratio of the cost element's lowest observed cost or
hours competitive value to its value at the last noncompetitive
procurement:

lowest observed value

Lowest value percentage =

value at last non-
competitive procurement

The lowest observed value for Hughes was derived by multiplying this
percentage by the cost element's value proposed by Hughes in its last
noncompetitive proposal. The competitive improvement curve for the cost
element was then derived by projecting what the improvement rate must be
to achieve the lowest expected value in the penultimate competitive
p rocu rement.

The actual improvement slopes and bottom-out points for the four
cost elements were calculated for Sparrow and Sidewinder from historical
data. Applying these parameters to the Hughes (AMRAAM) proposl for
lots I and I, analysts projected that the estimated recurring costs for
the sole-source production of 20,000 missiles at a rate of 2,500 per
year would be $2,284.7 million in FY 78 dollars. They estimated that
the recurring cost using the leader/follower strategy, tooling each at a
capacity of 1,800 per year, would be $2,119.4 million in FY 12 uirllars.
Nonrecurring costs were taken from SPO estimates as follows:
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FY 78

mi Ilions

follower planning $10.4

Hughes technical transfer 4.0

reprocurement data 12.2

follower qualification program 8.9

tooling and test equipment 49.4

vendor nonrecurring qualification 11.1

TOTAL $96.0

Finally, analysts developed an estimated cost of $11.8 million for
the reduced tooling required due to the production rate of 1,800 per
year at both contractors compared to a capacity of 2,500 at Hughes.

Table 4-3 summarizes results of the analysis. 12

Table 4-3
Summary Cost

FY 78 Millions

Sole-Source Leader/Follower

Additional nonrecurring 0 96

Recurring 2,284.7 2,119.4

SPO costs 546.1 546.1-11.8=534.3

TOTAL 2,830.8 2,749.7

Total undiscounted estimated savings was 81.1 million dollars or 2.8
percent of program costs. While the analysis presented the required
budget profile by year, it did not discount the differing profiles of
the sole-source and competitive situations. Discounting the profile
using the 10 percent rate as required by OMB circular A-94 yields an
estimated discounted savings of $6.1 million as shown in table 4.4.
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This value is obtained by multiplying the undiscounted sole-source and
leader/follower figures by th discounting factor, summing the
respective products, and subtracting for the difference. 13

In addition to not discounting the analysis, the AD analysts did
not consider the impact of changes on other stages of the acquisition
process or on other programs. Moreover, they felt there would be a
reduction in SPO costs and did not consider contract administration or
additional configuration management costs.

MLRS

The multiple launch rocket system (MLRS) is a free-flight rocket
system consisting of a self-propelled loader launcher (SPLL) and two
expendable launch p, ds/containers (LP/C), each of which stores six
rockets. The rockets contain a solid propellant motor, fuze, and
warhead.

Five companies were awarded contracts for concept definition in
1976, with Boeing and Vought being awarded competitive development
contracts in 1977. In 1980 Vought was chosen for final development and
awarded contracts for production facilities and four options for low-
rate production. These options totaled 28,476 rockets and 4,746 LP/Cs.

MLRS DSARC III guidance directed that the Army consider acquisition
strategies to obtain production price competition on the rocket and
LP/C and that it consider the impact on price of different total program
quantities and production rates. The Army completed its second-source
acquisition analysis in December 1980.14 The study was designed to
provide estimates of the optimum procurement strategy for either 190,000
or 360,000 rockets and a break-even point for each strategy.

The study evaluated four competitive options. The technical data
package (TDP) option involved obtaining a validated data package from
the developer and soliciting from other contractors. The second option
involvea the leader/follower concept in which technical data is transferrel
to the second source during development. A third option was labeled the
"freedom of design approach" (FOD) in which Boeing would build a
LP/C-rocket of its own design but capable of interoperability with
Vought's SPLL. The fourth option involved a freedom of design approach
in which the second source was provided a copy of Vought's unvalidated
TOP and allowed considerable design flexibility in making changes.
Production rate options under each strategy involved 2,000, 4,000, and
6,000 units produced per month.

Each combination of procurement strategy, production rate, and
production quantity was evaluated under three criteria: program and
contractual issues, technical and operational issues, and economic
issues. Program and contractual issues involved the quantitative
assessmnent of schedule impacts, configuration management, warranties,
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prime contractor cooperation, and the impact on provisions of
memorandum of understanding between participating countries in the
procurement. Technical and operational issues included the potential
availability of second-source contractors, potential for technological
innovation, impact on the fire control system integral to the SPLL,
logistic considerations, assessment of technical risk, testing
requirements, and TOP validation requirements. Economic issues incluried
analysis of increased nonrecurring and decreased recurring costs
calculated as a percentage reduction of projected sole-source cost.

Sole-source cost estimates were based on a first-unit cost of
$10,726 (FY 80) for a production rate of 6,000 per month. Reduction in
quantity from 360,000 to 190,000 was estimated to cause a 4 percent
increase in unit cost due to capital depreciation over the smaller
quantity. Reduction in production rate from 6,000 rockets per month
increased first-unit cost as follows:

Rate per month First-unit cost increase

4,000 4t

3,000 10%

2,000 25%

Unit costs were projected to increase by 5 percent after FY 33 to
reflect noncompetition in follow-on procurements.

Nonrecurring costs differed between acquisition strategies.
Included in the freedom-of-design option were additional research and
development, TOP validation, government R&D, and government-furnished
equipment and testing. Additionally, all competitive options included
projected costs for contractor system and production engineering and
program management, prime contractor support to the second source,
production qualification testing, and initial production facilities cost.
Table 4-5 shows the estimated 1 wer and upper limits for each cost
element and acquisition strategy.I?

Recurring costs were estimated for the following elements in each
option: hardware manufacturing, recurring engineering, quality assur-
ance, engineering changes, data, contractor and government system
project management, and first destination change.

Hardware manufacturing cost accounted for 65.2 to 79.7 percent of
total cost of the options and was given the most attention. Three
variables were used to estimate recurring manufacturing cost:
theoretical first-unit cost, learning curve slope, and learning curve
step functions.
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Table 4-5
MLRS Nonrecurring Cost Summary

(FY 80 $M)

__0yt ion 2,00/Mo -- O,00/Mo Lf,O00/Mo 6,000/Mo_

Sole-Source 20 25 30 38

TOP Traditional 39-57 46-66 52-75 62-89

TOP LDR/FOL 45-68 52-77 58-86 68-100

FOD Designated 94-124 101-130 108-136 118-145

FOD Competitive 106-137 114-146 121-155 131-169

A theoretical first-unit cost of $6,849 (FY 80$) for the MLRS
rocket (less submunitions and fuze) and $18,229 for the LP/C were used
in the DSARC-approved baseline cost estimate and were accepted by the
study team.1 6  This estimate was predicated upon a maximum production
rate of 6,000 rockets per month and a total production quantity of at
least 326,475. As all options did not meet this baseline, first-unit
cost was adjusted to reflect changes in production rate and total
quantity. Rate adjustments were as follows:

Rocket Rate Relative Unit Cost

2,000 1.25

3,000 1.10

4,000 1.04

6,000 1.00

Learning curve slope was based on a 91 percent curve for both the
prime and second source as developed for the DSARC review. Factors that
supported the shallow 91 percent curve were the high degree of
automation and the fact that material comprises over 70 percent of total
recurring manufacturing cost.

Competitive pressures on recurring cost were treated as learning
curve step functions. Four step functions accounted for the initial low
production rate change expected for split competition, change expected
for a buy-out competition, and a percent change expected when reverting
from previously competitive to noncompetitive procurement. Each option
had a unique combination of these step functions.

The initial low rate upward adjustment was made to projected costs
f-om the learning curve. The following factors applied:
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Percent Increase

Production ist year 2nd year 3d year

6,000/mo 30.3 20.2 23.5

3,000/mo 18.7 9.5 12.4

These factors reflected increased unit costs because the automated l in,;s

were not operating at design capacity.

Cost improvement associated with split competition was estimated at
7.5 percent for TDP options and 10 percent for FOD options. These rates
were judgment estimates based on the APRO 79 study of 22 systems and the
consulting report by Putnam, Hayes and Bartlett discussed in chapter 3.

The cost improvement associated with a buy-out was chosen as 15
percent for TDP options and 20 percent for FOD options. This judgement
was based on three sources discussed earlier:

* APRO 78

-- 16 systems studied: Net Recurring Savings -13% to +51%

Mean Savings of 13.7%

* Institute of Defense Analysis 79

-- 31 systems studied: Gross Savings -23Y. to +64%
Mean Savings of 36.1%

* APRO Letter, 3 October 80

-- Specific recommendations for this study:
Gross Savings: 10% TDP options

15% Freedom-of-design options

The final step-adjustment was made for the transition from a cori-
petitive situation back to a noncompetitive situation after the buy-out.
A figure of +5 percent was estimated to reflect this decreased
competitive pressure.

The basis for recurring cost calculation is the applicable first-
unit cost and 91 percent learning curve multiplied by the option's
unique step functions. Figures 4-1 and 4-2 depict these ep functions
over time as they affect each baseline unit cost estimate. /

The LRP baseline on the figures represents the low-rate production
cost baseline for sole-source production, and the balance of the figures
graphically illustrate the impact on the baseline price of the four step
functions.
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The study derived other cost elements by applying historical factors,
developed by MICOM from previous program histories, against the baseline
cost estimate for hardware manufacturing cost.

The analysis is calculated in FY 80, then-year, and constant dollars
discounted at 10 percent in accordance with OMB Circular A-94
procedures. After evaluating the options, the study concluded there was
no single acquisition strategy that was dominant on every issue. Using
the calculation in FY 80 dollars, it concluded that 1 of the 40
competitive options were more favorable than sole source. The most
favorable option for a total quantity of 190,000 rockets was the
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sole-source option at 6,000 per month and the leader/fol lower r,(.- )f
6,000 rockets per month for a total quantity of 360,(000 was the 1:, 't
economical. Based on program and contractual issues together with the
technical and operational issues, the study recommended a i)P
traditional strategy.

Analysis in FY 80 dollars discounted at 10 percent showed that
only two of the 40 combinations of options and production rates had
potential savings at the total cost level. loth were at a tot3l
production of 360,000 using the TDP leader/follower method at a rate of
either 3,000 or 6,000 per month. 19

The team developed a probability distribution of competitive
savings to account for the economic uncertainty of the cost estimates.
It accomplished this by subjectively assigning probabilities that the
cost of a specific option would be less than or equal to the sole-source
cost. The distributions also favored the TP leader/follower approach as
having the greatest probability of savings.

The study recommended that a total quantity of 360,000 rockets be
procured at the rate of 6,000 per month using a TDP traditional approach
based on factors other than cost.

B ra dl ey

The Bradley fighting vehicle system (FVS) is a mechanized infantry
combat vehicle developed by the FMC Corporation starting in 1977. s of
November 1982 FMC had received three production awards totaling 1,700
vehicles out of a proposed total baseline quantity of 6,882 vehicles to
be procured through FY 89.

A 1982 study reassessed the costs and benefit of competitive
strategies designed to reduce rapidly escalating program costs. 20  The
reassessment examined four prior studies of the cost effectiveness of
competing the FVS.

It compared the sole-source costs of two competitive strategies.
One strategy involved split awards for the duration of the program. The
other was a buy-out where a "winner-take-all" competition is held after
two years of split awards.

Competition would be based on a technical data package and would
encompass the manufacturing and assembly of the vehicle, which repre-
sents 45 percent of unit cost. The engine, turret drive, transmission,
fire control, and other weapons would be government-furnished equipment.
Analysis of the competitive options included examining nonrecurring and
recurring costs as well as noncost issues.

Nonrecurring costs were divided into start-up costs and an initial
production penalty cost. Start-up costs included additional vendor
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tooling, machinery, facilities, training, and engineering costs and were
taken from firm-fixed price contractor submission or second-source
budgetary estimates. Start-up costs for a second-source production
capability of 50 per month we,-t estimated to cost 'D23. (% illion i,-,

December 80 dollars. An increase to 90 percent per month would
require an additional $10.85 million. The initial production penalty
cost estimate ranged from 43.7 to 45.5 million dollars, depending on the
strategy. It represents an amount calculated by subtracting the
expected FMC price to produce the 23A vehicles in FY 83 and FY 84 and
start-up capacity costs from estimated second-source prices for the 14
vehicle education buy in FY 83 and FY 84.

Recurring costs included contract hardware prices, government
administrative costs, and other program costs and spillover effects.
Contract prices included all contractor costs since a single contract
was being contemplated. They were caloflated using a guantitative model
based on unit learning curve theory of the formulation:

lb-c,)

qeq. .I

W here

Ci = total recurring cost through ith itEn

a = first-unit cost

h = rate of cost improvement

Oi = discount factor for year i

ci = production experi ence factor at end of ear i

Pi = percent reduction in unit cost at year i due to competition

= relative change in price performance improvement rate at year

i due to competition

This formulation can accommodate a potential shi ft in the learning
curve or an improvement in the learning rate (learning curve rotation).
1 t can also be adjusted for production rate and accounts for the time
value of money by discounting future dollars. Any one or all the
adjustments can be made for any given production year.

Estimates of future year impacts are shrouded with uncertainty.
Therefore, the analysis accounted for uncertainty through the use of an
event-oriented Monto Carlo simulition. T ndi vi dual values for eich
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factor were given minimum, maximum, and most likely magnitudes based on
the analysts' judgement. By treating each factor in this manner, the
analysts developed a cumulative probability distribution for each
strategy.

The sole-source learning curve slope was estimated to follow a ')3
percent slope under all competitive conditions for units 1.10ii-h882,
consistent with the baseline cost estimate. However, evidence from
other vehicle programs revealed a 95 percent slope, and analyses were
run using both slopes. The analysts did not expect a rotation of tne
learning curve as a result of competition, but they did expect
competitive pressures to shift the learning curve and the production
rate to impact each strategy as follows:

Competitive Production Rate Overall

Strat y Reduction Penal L _ Shift Range

Multiyear Buy-out 15 0 15 + 10

Multiyear Split-buy 10 -3 7 + 7

Single Year Split-buy 8 -3 5 + 7

The analysts estimated government program office administrative
costs to increase $2 million per year and additional testing to cost at
.5 million per year for three years. Effects on logistics, maintenance,
and engineering sectors were considered minimal and no additional
contract administration was deemed necessary. Spillover effects on
other government programs were considered and dismissed as balanced out
between contractors. Other costs discussed and quantitatively dismissed
included contractor systems technical support, contractor data
requirements, government furnished equipment, product improvements, and
the impact on spares procurement.

The data shown in table 4-6 are the result of inputting the
recurring cost values for the parameters into the computer model of
price behavior for a production rate of 1,080 vehicles per year and then
combining the results with nonrecurring costs for all strategies. 21

The analysis concluded that the competitive strategies will never
show significant savings in discounted dollars. For the dual-source
multiyear strategy on a 93 percent curve, expected increase in outlays
was 22.2 million (14.4 million undiscounted FY 81 dollars1 . For the
multiyear buy-out strategy the analysts projected a net savings of $19
million. While the analyses were run assuming a production rate of
1,080 a year, the approved baseline quantities are not currently that
large and the analyses showed that competition was not economically
feasible at the lower quantity using any strategy.

A multiyear strategy was also 2alculated using cancellation
ceilings. Model input factors included:
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Expanded Multi-Year Input Values

Production
Contract S ituation Reduct ion_ Rate S h i ft_ Rane

Sole-Source 7% 0% 7Y + 3%

Competitive Buy-Out 19% 0% 19% + 10%

Competitive Split-Buy 14% 3% 11;% + 7%

Using POM quantities, sole-source savings of $75.9 million ,'ollars
($104.0 million discounted) were projected.

The authors considered noneconomic issues along with potential

economic savings. One identified benefit was better cooperation;
another was improved contract terms from the sole-source contractor.
They identified as negative factors the probable schedule slippage in
the second source and the poor condition of the TDP which might cause
claims after award. Additionally, the sole source is not providing some

drawings and process data because they allege that this is proprietary

data. Also no costs are included for testing of the product by the
government, and configuration management will be a problem because the
design will still be undergoing changes at the time of contract award.
And there is a potential one-year slip in delivery reflecting the

cumulative effect of these problems.

The authors' recommended strategy was a sole-source, multi-year

award. They noted that this also has the least program risk but leaves

the developing contractor in a favorable position. Accordingly, they
recommended a "red team" contract to a consultant who will monitor the
incumbent's progress and recommend cost-reduction opportunities.

HARM

The high-speed antiradiation missile (HARM) was developed by Texas
Instruments, with the warhead consisting of 2,500 preformed fragments.
It can be fired in three different modes: self-protection, target of

opportunity, and standoff modes. Total procurement was expected to
involve 21,388 missiles between FY 81 and FY 92.

The controversy surrounding the decision not to second-source "he

HARM highlights the inexact nature of estimating the impact of

competition. Within the Navy, two separate estimates qere
accomplished, one by the Naval Material Command (NAV>IAT) and one by
Naval Air Systems Command (NAVAIR). Both were developed in FY 82 dollars

and done because agreement could not be reached on methodology and

assumptions. 2 3 Additionally, OSD Program Analysis and Evaluation (PA&E'

acting in its Cost Analysis Improvement Group (CAI') role, completed a
review of the Navy analysis.
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Estimates within the Navy were developed individually for three
elements: (1) guidance, control, wings, and fins (GC&A); (2) integration
and assembly (j'$A); and (3) program management systems engineering
(PMSE). NAVMAT's estimate was accomplished at the detail level,
estimating labor, material, and profit for each of these elements based
on the HARM Cost Study Group estimates for sole-source procurement.
Competitive impacts were calculated based on Sparrow AIM-7F experience.
The NAVAIR developed estimate for sole-source cost was also a detailed
estimate developed by the HARM Cost Team. Their competition estimate
was done, however, at the bottom line price. Estimates at the bottom
line for unit cost for both are shown in table 4-7.

Table 4-7
NAVMAT and NAVAIR

Estimates of HARM Costs
FY-82 ($000's)

NAVMAT Unit Costs

Competition
Sole-Source Prime Second Total

Quantity 21,392 13,860 7,532 21,392
GC&A 132.0 134.9 161.4 144.2
I&A 12.1 12.4 15.0 13.3
PMSE 10.9 13.5 8.2 11.7
Total 155.0 160.8 184.6 169.2

NAVAIR Unit Costs

Quantity 21,392 11,082 10,309 21,391
GC&A 130.6
I&A 12.2
PMSE 10.0
Total 152.8 162.2 134.3 148.8

While NAVAIR showed a net savings, NAVMAT showed an increase of the
competitive price over the sole-source price. The sole-source estimates
are very close to each other. The principle difference is reflected
in the cost of the second source. The official NAVY position at DSARC
was that there would be a net savings resulting from second-sourcing.

OSD CAIG reviews of the HARM program, using different
methodologies, arrived at different conclusions about the benefits of
second sourcing. Disagreements surfaced about learning curve slopes,
special test equipment, facilities, and other contractor investments.
Additionally, reviewers could not identify which cost elements would be
reduced and no contractual guarantees could be obtained to fix the price
of the out-year requirements. Accordingly, the 2 ecretary of defense
directed that the program be procured sole source.
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Discussion

Analysis of the program specific estimates of the impact of
competition reveals the use of disparate approaches to accomplish tne
estimates. The studies differ in several aspects: a) cost elements
considered, b) depth of analysis of each element, c) whether point
estimates or ranges are used to account for uncertainty, d) whether cash
flows are discounted, and e) the extent the studies relied on less than
robust historical studies. Because of these differences, the confidence
that can be placed in their conclusions also varies.

Factors Considered

Chapter 2 identified factors as being quantifiable and nonquantifi-
able. Quantifiable factors include nonrecurring and recurring costs,
profit, and other quantifiable costs. Nonquantifiable factors include
cooperation, claims, product quality, time delays, and surge capability.
Table 4-8 is a matrix that identifies each program and the factors
considered in each analysis. Most of the potential impacts were treated
in the studies with two notable exceptions. Excluded were those
government costs incurred to select and monitor the second source and
those costs and benefits that would impact on other stages of the
acquisition process.

The incremental costs directly incurred by the government to select
and monitor the second source were the most frequently omitted factors.
Specifically, the second-source selection costs were not considered in
any analysis except the MLRS study. Moreover, the government costs to
monitor and assist technology transfer during second-source development
and the additional contract administration costs during contract
performance were not considered in any case except those of the Bradley
and MLRS analyses. Additionally, these two studies were the only ones
that addressed the added cost of configuration management necessary to
ensure that the second source receives any change made to production
drawings or processes by the developing contractor.

The other quantifiable factors most frequently omitted were those
that would be incurred in stages of the acquisition process other than
the production stage under immediate consideration. For example, the
MLRS analysis was the only analysis considering the impact on
company-funded R&D during the concept definition and validation stages.
And the Bradley analysis was the only one considering logistics impacts
on the system under consideration and the overhead absorption impact on
other contracts within the profit center affected by the reduced
allocation base. Finally, none of the analyses considered benefits
accruing to the government during weapon system deployment.
Specifications and drawings owned by the government would allow the
government to obtain the benefits of competition during spare parts
procurements in the operations and support phase of system deployment.
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Table 4-2
Flrpant c ro jidp'd hy O t nil

V) 04 P

Quantifiable
Nonrecurring

Second-Source Selection Y N N N N
Second-Source Development

Technical Data Pkg
Purchase Y Y Y Y Y
Validetion Y Y Y Y Y

Special Tooling Y Y Y Y Y

Special Test Equip Y Y Y Y Y
Tech Transfer

Leader-Follower Y N/A Y Y Y

Education Buys Y Y Y Y Y
Govt Monitoring Y Y N N N

First Article Y Y Y Y Y
Contingent Liabilities Y N/A N N N

Recurring

Cost/Quantity Relationship
Production Rate Y Y Y N Y
Learning Y Y Y Y Y

Contract Administration Y Y N N N
Configuration Mgt Y Y N N Y

Other Costs

Company-Funded R&D Y Y N N N
Spare Parts N Y N N N

Overhead Impact N Y N N N
Logistics N Y N N Y

Profit Y Y N N N

Nonquantifiable

Productivity
Product Quality Y Y Y N Y
Cooperation

Technical Transfer Y Y Y N N

Ongoing Y Y N N N

Time Delays Y Y N N Y

Claims Y Y N N N

Statistical

Inflation Adjust Y Y Y Y Y

Discounting Y Y N N N

N=NO Y=YES
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The potential nonquantitative costs and benefits were not
considered except in the Bradley and MLRS analyses. Excluding these
impacts from analyses removes them from explicit recognition by the
decision maker in judging whether the total quantitative and qualitative
benefits outweigh potential costs of second-sourcing.

Depth of Analysis

Each estimate varied in the depth of the analysis of identified
factors: either the estimating was done at the total contract level for
each factor or the factors were disaggregaced into individual cost
elements. Moreover, some of the studies identified more detailed cost
elements than others, some projected cost impacts for the various
strategies of technology transfer, while others made estimates
independent of the method of technology transfer. The more specific the
cost elements are the more confidence that can be placed in their
estimation because the impact of competition can be more readily
identified. For example, if price is disaggregated into material,
labor, and profit, the impact of competition on each of these cost
elements is more easily projected than on a total contract price basis.
It is also more easily projected when the alternative acquisition
strategies are examined separately. The Joint Tactical Information
Distribution System (JTIDS) estimate was done at the contract level
using a 10 percent rule-of-thumb reduction from the estimated sole-
source cost and did not consider differences in the method of technology
transfer. The AMRAAM analysts' estimate for recurring costs was
disaggregated into four cost elements--material, direct manufacturing
labor, manufacturing support, and engineering support labor--and they
considered both the sole source and the leader/follower acquisition
strategy in their estimates. The IR Maverick program was disaggregated
into the guidance and control section, center aft section, system
engineering and program management, sustaining engineering and factory
support, engineering change orders, support equipment, and spare parts.
The analysts considered three scenarios in their analysis. However, for
cost reductions attributable to competition, they took an overall 9
percent cost reduction and 5 percent fee reduction. The LANTIRN
estimate was taken at the contract level, and the Bradley and MLRS
estimates both estimated the impact of competition on alternative
strategies. The MLRS analysis examined four separate acquisition
options and estimated the impact for each combination of option and
production rate. The Bradley analysis also identified two options and
analyzed each independently. Whereas the Bradley analysis was
accomplished at the contract hardware price level, the MLRS analysis was
done at the detail cost element level.

Point Estimates vs Ranges_

Only the Bradley and MLRS analyses attempted to deal with the
uncertainty of estimates. Both developed prohability distributions
to account for the economic uncertainty of cost estimates. The MLRS
used a subjectively assigned probability and the Bradley used a Monte
Carlo technique to set forth a cumulative probability distribution.
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Discountn

The Army estimates were the only analyses discounted in accordance
with the requirements of OMB Circular A-94. Consequently, the other
analyses tended to understate the true costs to the government because they
ignored the time value of money by ccnsidering a $1 invested up-front in
nonrecurring costs the same as a $1 cost avoided several years into the
procurement.

Reliance on Historical Data

Most of the program studies relied on unweighted average savings
derived from historical studies. The JTIDS 10 percent rule-of-thumh
decrement was based on expert judgement and nonattributive references to
prior studies that averaged greater than the 10 percent figure. LANTIRN
and Maverick both relied exclusively on The Analytic Sciences
Corporation (TASC) studies of historical data. AMRAAM relied on
proposal data from the Sparrow and Sidewinder programs because they did
not accept the TASC analysis done for them. The MLRS projected the step
function adjustment associated with buy-out based on an average of
average savings taken from the APRO 78 and IA 79 studies, and an APRO
letter of 30 October 1980. The Bradley analysis projected shifts of
learning curves based on a review of historical studies.

Conclusions

It is not possible to directly assess the confidence placed in the
predicted cost impact of second-sourcing because what never happened is
immeasurable; it is impossible to know what the price would have been in
the absence of competition. And the differences of opinion surrounding
the HARM analysis serve to highlight the differences of opinion that can
develop among competent analysts. However, the robustness of the
various studies can be inferred from the review of the five aspects of
the stidies just covered: factors considered, depth of analysis, use of
point estimates or ranges, discounting of cash flows, and the reliance on
historical studies' unweighted average data.

Each study satisfied each criterion to a different degree, as
discussed earlier. The Bradley and MLRS analyses tended to consider
more of the substantive cost factors than did the other studies. The
AMRAAM, Maverick, and MLRS each examined multiple strategies separately
at the detailed cost level. The Bradley and MLRS were the only two
analyses dealing with uncertainty and also discounting program cash
flows over time. And finally the AMRAAM study, although relying on
proposal rather than actual data, was the only study not relying
extensively on the unweighted historical averages data.

No study was able to adequately address all criteria. While the
ML'S and Bradley studies were the more comprehensive in projecting the
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true impact to the government by considering most of the cost factors
and discounting the cash flows, all studies relied on the historical

data to more of an extent than the rigor of the historical stjdies
allow, as argued in chapter 3.

Chapter 5 will now propose a framework that can be usei in
competition analysis that will overcome the methodological and data
shortcomings that presently do not allow satisfaction of the criteria.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The decision to second-source a weapon system in its production
phase should he made as early in the acquisition process as possible to
allow maximum flexibility for choice of the method of technology
transfer to the second source. And the decision to second-source must
be made in consonance with the primary acquisition program objectives:
system technical performance, production surge capability, required
delivery schedule, life-cycle system cost, and system supportahility.
Each possible strategy (such as leader/follower or freedom-of-design
approach) affects the objectives in different ways.

Several studies have looked at acquisition strategies. Duane
Knittle and Robert Williams coauthored a paper examining the systems
acquisition planning phase used to plan the strategy for achieving
program objectives for the entire life of an acquisition. I  More
recently Charles Smith and Charles Lowe, Jr., coauthored a paper on
strategy selection for the production phase of the acquisition cycle. 2

They propose a strategy selection model integrating judgement and
existing quantitative data to achieve stated program objectives. They
first use a competition screen to qualitatively screen out programs not
susceptible to competition because of unavailability of technical data,
government inability to monitor technical transfer, and other criteria.
Their second step involves a cost model based on the basic learning
curve theory where judgement of shifts and rotations are made by program
personnel and the results discounted to project savings. And the study
points out in referring to historical studies:

The underlying data are simply too erratic to permit accurate
projections of savings. . . . Also each successive study
tends to be further removed from the primary data. ...
Another reason to avoid over-generalization blindly from the
data base is that the cases studied have had a conglomeration
of strategies, but the results have all been lumped together. 3

Neither study provides a theory of the interaction of variables
that are affected by the competitive forces and how these forces affect
the price of the various strategies. For this reason, they are not
predictive models of savings.

The literature contains several other predictive models, as
discussed in chapter 3, that were used in program specific analyses in
chapter 4 to address one specific program objective--cost. However, I
have argued that they have not empirically demonstrated the validity of
their models. Moreover, I believe that there are so many interactive
variables that must be considered that no mathematical model can h'
developed. Even if we could develop a model of the variables,
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insufficient data exist to empirically verify its validity. Our track
record of estimating what the future cost of a weapon system will be,
while improving, still falls far short of acceptability. A quick
perusal of any quarterly Selected Acquisition Report too vividly reveals
our inability to accurately project future weapon systems prices.

Our inability to accurately forecast future weapons system costs,
to accurately specify a model for savings, or to empirically verify a
model because of a lack of data--even if a model could be specified--
does not relieve acquisition personnel of the requirement to perform
competition analyses for decision-making and budgeting purposes. The
balance of this chapter sets out a macro model for use in competition
analyses. The model assumes that potential second sources are
technically qualified and that technical data is available for
competition at both the prime and subcontract level. It also assumes
that sufficient time exists to develop the second source and that the
supportability issues have been examined. These simplifying assumptions
narrow the focus of the second-source initiative to that of achieving
minimum system cost to execute the legislative and executive hranch
thrusts discussed in chapter 1. The model does, however, develop a
framework that allows the logical examination of the impact of second-
sourcing on other program objectives.

4

Proposed Model

The proposed model for use in competition analyses where
competition is undertaken for cost-reduction purposes is a discounted
cash-flow investment macro model. Using this concept, the government
views the development of the second source as an investment decision
where the nonrecurrirj costs are incurred by the government in
anticipation of a reduction in future recurring costs. Previous
analyses reviewed in this study used the concept of "savings" as the
criterion to measure the cost effectiveness of the investment. To
arrive at the measure of savings, most analyses projected what the
sole-source price would have been, what the competitive price actually
was, and claimed the difference as "savings."

The macro model replaces the criterion of savings with the
criterion of judgement as to whether or not the government has a good
probability of recouping its investment in nonrecurring costs. The
discounted cash flow investment model involves three steps: first,
estimating the additional costs to the government because of second-
sourcing, including the required nonrecurring costs to qualify the
second source and any other additional costs or penalties; second,
decreasing the estimated sole-source price by an amount equal to those
costs not susceptible to the cost pressures of competition; and third,
making an informed judgement of the probability that the government
would recover its nonrecurring investment through reduced recurring
cnsts.
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In contrast to the studies accomplished to date, which involved
formal quantitative methods based on less-than-complete theory and data,
the proposed method combines use of data and judgement. It does not
involve the reading of tea leaves or a referral to a palm reader. It is
a structured analysis that uses logic to iteratively narrow down the
breadth of available information and focus in on a smaller information
base where judgements can be made on carefully defined issues. The
model avoids the drawing of conclusions from unverified data in the
absence of an adequate theory, and it avoids the estimating of several
parameters from few data points.

The analysis is conducted in discounted present value terms to
account not only for the magnitude of the cash flows over time, hut also
for the timing of the cash flows in terms of both costs and benefits.
Each potential strategy can create different patterns of additional
up-front costs and downstream benefits. A discounted cash-flow analysis
considers these different cash-flow patterns in deciding which strategy
is the most advantageous to the government. It is similarly used in
multiyear and technology modernization/industrial modernization
incentives program analyses where up-front investments are alsn made in
anticipation of downstream benefits.

The internal rate of return and the net discounted present value
are two potential methods to measure investment potential. The internal
rate of return is the discount rate that makes the present value of the
benefits exactly equal to the present value of the costs. Put another
way, it is the discount rate that makes the present value of the entire
stream of costs and benefits exactly equal to zero. The discounted net
present value--discussed in chapter 2--is the sum of the costs and
benefits discounted at a specified discount rate. If the sum is a
positive number--that is, the discounted benefits exceed the discounted
costs--the investment should be made. In general terms, given a stream
of cash flows CO, CI , C2 , . . . , Cn, where Cs are positive, zero, or
negative, the net present discounted value is given by

CI C2  Cn

C0  + + - ....+.

(l+r) (l+r) 2  . . . (l+r) n

where r is the discount rate. OMR Circular A-94 specifies that a
discount rate of 10 percent be used where the cash flows for government
investments exceed 3 years. Therefore, the discounted net present valije
model is the appropriate criterion for use in second-source decision
mak i ng.

Nonrecurrinq Costs

Exercise of the 3-step macro lodel hegins with the relativolly
straightforward process of estimating the up-front nonrecurring costs.
These readily identifiable, neor-term costs, which were discussed in
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chapter 2, can be incurred by both the government and the contractor.
Additionally, other increased costs requiring an estimate include: the
learning curve and production rate penalties; the negative impact on
other programs within the profit center due to changed overhead
allocation bases; and the other impacts discussed in chapter 2, such as
reduced contractor investment early in the program because of
potentially lower follow-on production contract awards.

Depending on the requirements of the technology transfer method, as
discussed in chapter 1, each potential strategy can have different cost
profiles, both in magnitude and timing. For example, the technical data
package transfer would occur earlier in a teaming arrangement than it
night under a leader/follower situation. An education buy might be
required under a leader/follower procedure and not required under a
teaming arrangement. And learning curve penalties will vary based on
the timing of the buys. These would be the negative "Cs" in our
discounted cash flow formula and would he identified by the year they
would be incurred and the constant dollars discounted to a base year.

Costs Not Susceptible to Compettion_Benefits

Step two involves estimation of the program costs that are not
susceptible to reduction because of the pressures of competition.
Included would be material and subcontract purchases already competed by
the developer and contracted for on a firm-fixed-price basis. The
percentage of total contract expenditures fitting this category can vary
significantly between contracts. Table 5-1 illustrates how these
figures varied on 12 programs. Competitively purchased material as a
percenta e of total contract costs ranged from 2.1 percent to 50.2
percent.? The study that compiled these data also concluded that
42.94 percent and 78.93 percent of all subcontract dollars were
spent competitively by DOD contractors and government-owned, contractor-
operated plants, respectively.

Also included in costs not susceptible to competition benefits are
those material and subcontract purchases whre a potential second source
would use the same supplier as the developer for schedule availability,
technical capability, or economic production quantity reasons. This
also holds true for the following costs:

e When there are fully automated manufacturing processes.

* When there are mature components where no potential learning
exists as verified by a fully validated work measurement system.6

* When the components are sold in substantial quantities to the
general puhlic with an established catalog or market price.7

e When the prices are otherwise set hy law or regulation.

* When maidatory sources are specified.8
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* When there are any other costs that, in the opinion of the
program manager, are not susceptible to cost reduction through the
direct pressures of competition.

Finally, allocations for independent research and development, and
facilities capital cost of money should be identified as being in the
long-term best interests of the qovernment and tallied as not being
susceptible to reduction through competitive pressures.

Those costs not susceptible to reduction through the pressures of
competition, or those costs whose reduction is not in the best long-term
interests of the government would be subtracted from the estimated
sole-source price in the year they would be incurred, leaving a
projected dollar figure for each year of an amount susceptible to the
pressures of competition. These constant dollar figures would be
discounted to the base year.

Judgement Factors

Step 3 involves calculating the percentage reduction, in net present
value terms, that total costs susceptible to competition would have to
be reduced to recover the up-front investment costs and added costs to
this and other programs. This is accomplished by dividing the sum of
estimated nonrecurring and other costs by the recurring costs
susceptible to the pressures of competition. An informed judgement
could then be made by the program manager of the probability that the
recurring costs susceptible to competition pressures could be
sufficiently reduced to recover the investment costs and penalties.
Both figures would he expressed in constant dollars discounted at 10
percent in accordance with OMB circular A-94. Factors to consider in
establishing the subjective probability include contractor-related
issues and program-specific characteristics.

Contractor-Related Issues. Traditional microeconomic theory
assumes firms want to maximize profits. However, others have argued
differently. William J. Baumol believes that large firms attempt to
maximize sales rather than profits.9 And Richard Cyert and James March
posit that firms simply attempt to "satisfice"--reach some satisfactory
level of multiple goal accomplishment: profit, sales, market share,
production and inventory. I 0  Peter Drucker also comments on corporate
objectives and states that the long-run objective is survival and that to
emphasize only profit misdirects managers to where they may endanger the
survival of the business.

The Army Procurement Research Office conducted a 1981 study on
government contractor motivation. I I  Its research concluded that
industry felt its objectives were, in order of priority, to provide a
qood product, to maintain d long-term continuing government
-elationship, to improve cash-flow, to make a profit, to develop new
capa.ilities, to maintain a positive I)uhlic imaqe, and to use excess
capaLity. And, as could be expected, this list viriod by both firm
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size and growth status, manufacturing process used, and the type of
industry. One of the major conclusions was that the government must
understand contractor motivation in order to give proper incentives for
contractor performance.

1 2

Others have written about what might happen when split awards 3re

made during production competition. Brent Meeker, writing in Pr-o9 raln
Manae9_er, argues that any scheme that does not provide for zero
allocation can engender reverse competition, a situation where 5oth
companies decide that the smaller quantity is sufficient, bidding higher
prices accordingly.

1 3

The major point of these discussions and examples is that the
contractor might have objectives other than profit maximization. These
can include use of idle capacity or the development of new technology.
The program manager must he sensitive to these motivations in his
subjective probability assessment of how much the developing contractor
can and will cut prices.

Program-Specific Characteristics. Several program characteristics
should be considered by the program manger. These include the total
quantity subject to competition, maturity of the product design,
estimates of the efficiency of the developer, amount of touch labor, and
the amount and type of subcontracting.

The total quantity subject to competition, including foreign
military sales and other systems using identical components or
production processes and facilities, affects the opportunity to recoup
nonrecurring costs. Generally, the larger the production quantity and
the longer the manufacturing horizon of this production quantity, the
greater the chance the pressures of competition can exert their downward
price pressures. This results because the contractors have more
opportunity to efficiently plan their production processes. Moreover,
additional incentives to invest in efficient equipment might occur if it
helps achieve their corporate objectives.

The maturity of the product design affects the numher of
engineering changes that might occur during weapon system production.
This in part determines the ability of the contractor to reduce the
quantity of systems engineering and program management costs charged to
the program, usually a level-of-effort charge partially dependent on the
maturity of the system. It is also a factor in determining the
magnitude of interface charges the developing contractor will have with
the second contractor. Additionally, it will determine the incremental
configuration management costs necessary to keep the technical data
package updated.

Subjective evaluations of the efficiency of the contractor ,and tre
quantity of touch labor and type of jobs they perform will help in
judging the probability of cost reduction. Particularly usful is in
evaluation of the contractor's usp of a work inesurement system-sch as
MIL-STD-1567. Additionally, the use of the MIL-Q-9858A quality system
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reports on the costs of quality, scra,. and rework are enlightening on
the efficiency of production methods.'

The amount and type of subcontracting is related to the complexity
of the product. If the complexity of subcontracts is high, or there is
only one supplier or subcontractor for much of the required materiel,
the chances for price reduction are reduced. The state of the
contractor's purchasing system as revealed in the government's
"contractor procurement system review" is a good gauge of contractor
attempts to stimulate subcontract competition. Additionally, a review
of the program specific make-or-buy plan would also give insight into
the potential for price reduction.

Taken together, consideration of these areas that affect the
potential for competitive cost reduction--company and program-specific
factors--will help the program manager determine the probability of
recouping the investment in nonrecurring costs. In many ways this
logical thought process is similar to a "should cost" study. And even
if it is judged by the program manager that the costs cannot be
recovered, the information derived from the analysis puts the contract
negotiator in a position to negotiate better prices in the sole-source
situation.

Sty1ized Example

A stylized example can serve to illustrate the exercise of the
model. All dollar figures are discounted present value.

Given:

Nc = nonrecurring cost $200

Q = total quantity 50

P = projected sole source price = $1500

R = rate and learning curve penalty $250

C = projected costs not susceptible $100

Step I

Added costs = Nc + R
$200 + $250 = $450

St 'pJ 2

Costs susceptible to competitive pressures = P - C
$1,500 - $100 = $1,400
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Step 3

Needed percentage reduction

Added costs-- costs susceptible to competitive
pressures = $450-- $1,400 = .32 x 100 = 32 percent

In the example, recurring costs susceptible to competition would have
to be reduced 32 percent to recoup the investment and other added costs.
If that required percentage were higher--say 50 percent--it would be
less likely that recurring costs could be reduced by that amouint. In
either case, the program manager must make a decision on the prohahility
that costs susceptible to the pressures of competition can be reduced by
the derived percentage figure.

Sensitivity Anaj1 si s

Having used the proposed framework in a logical manner to draw
reasoned conclusions, analysts should conduct a sensitivity analysis to
determine what the impact of changes in key factors is on the
conclusions. It serves as a "what if" exercise and provides additional
information to the decision maker about the impact of uncertainty on his
judgmental decision.

Factors to consider include firmness of the estimated quantity,
changes in the inflation rate, certainty of estimates of the
nonrecurring costs, changes in the timing of the buys, or changes irl the
timing the second source becomes a viable suppler. Reduced quantities
would dictate that the percent reduction of the sole-source price on
remaining quantities would have to be higher to recoup nonrecurring
costs. Slipping production quantities into future years would reduce
the present value of the out-year benefits. Delaying the tooling of the
second source would reduce the present value of the nonrecurring costs.

Each change in the calculation that affects either the timing of
the investment or the timing of the returns affects the price change
needed to recoup the investment cost. And the proposed macro model
pertains only to the program o!)jective of cost control. 3ut the progran
objectives are interactive. For example, delaying the development of
the second source reduces the cost of the program in discounted dollars.
However, this action also affects the availability of the weapon system.
And if the original production schedule is maintained, bringing the
second source on-line later, the opportunity to recoup the nonrecurring
costs is decreased because of the reduced quantity subject to
competition. The analysis, while developed to focus on the cost
objective, provides a focus on the trade-offs between program objectives.
Other benefits that could come from the analysis would be a more
informed judgement on the costs of an enhanced surge capability.
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Recommendations

Two recommendations are made to Headquarters AFSC:

(1) Require competition analyses based on an investment recoupment
model in lieu of a projected savings model based on historical data.

(2) Require competition analyses in discounted dollars in
accordance with OMB Circular A-94.

Recommendation One

This recommendation is made to encourage analysts to move away from
the concept of projecting savings because of the problems of methodology
and data discussed in this report. It is also made because of a concern
that budget decrements could occur through a directive to compete a
system based on the faulty assumption that a specified percentage savings
will result through competition. Three actions will institutionalize
this recommendation.

First, Air Force regulations dictate guidelines in this area.
AFSC/AC should initiate recommendations to modify the following Air
Force regulation and pamphlet:

AFR 178-1, paragraph 1-lh. Require that economic analysis within
the meaning of the regulation be accomplished for major weapons systems
procurements on the costs and benefits of competition in production.
The regulation should require that explicit recognition he given to all
costs and benefits to the government as discussed in this study, taking a
life-cycle perspective of the given program.

15

AFP 178-8, Section B. Incorporate a sample economic analysis in
the document using the framework for second-source production
competition analysis set out in this study. 16

Second, training courses for program control and cost analysis
personnel should incorporate materials on this subject in their
curricula to clarify the shortcomings of existing studies and present a
reasoned alternative. Additionally, the Defense Systems Management
College is preparing a proposed DOD Competition Handbook which discusses
previous shortcomings, proposes discounting, and also has a caution
about the use of historical data. When printed, distribution should be
made to AFSC personnel.

Third, top-level DOD personnel must avoid references to average
savings in their speeches, articles, or testimony before the Congress,
so that they do not perpetuate the faulty conclusions about average
savina;.
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Recommendation Two

The second recommendation originates because of the time value of
money. Again, an Air Force regulation mandates procedures. AFSC/AC
should inititate a recommendation to change AFR 1/3-11, paragraph 7J, to
require discounting of cash flows for ICA estimates of the impact of
competition in production.

11

Additionally, AFSCR 173-9, table 3, rule 2, should be changed t,
include the following questions:

18

Are--
Production competition cash-flow estimates discounted?

Were--
Rules-of-thumb or unweighted average savings estimates for
the impact of production competition avoided?

Closinq Tugh ts

Competition and the free enterprise system have helped give this
country the highest standard of living known to man. However, in many
instances the competitive forces of the market place are absent in the
defense market for major weapons systems; there exists only one buyer,
and the barriers to entry into the market preclude many firms from
entering. These barriers include both the high cost of investment and
the lack of availability of technology. Developing a second source at
government expense is one option to stimulate competition. However, as
seen in the subcontract example, not all dollars placed "noncoinpet-
itively" at the prime contractor level are spent noncompetitively.

There are other options to reduce the high cost of weapons
systems--breakout, mu It iyea r procurement, technology modernizat ion I
industrial modernization incentive program (IMIP), and increased
subcontract competition. The use of these mechanisms to achieve cost
avoidances should also be explored. They can affect program cost
without the necessary investment in duplicate tooling. And in the case
of the IMIP program the benefits of automated production can he reaped
on several programs by tooling up the system developer after
down-selecting at the beginning of full-scale engineering development.

Second-sourcing in production is a viable tool for cost reduction,
but neither a total virtue nor original sin. It is a tool to be used to
achieve specific objectives. It will not always save money as some have
intimated. Given the appropriate conditions, it can save money if the
recurring cost reductions exceed the nonrecurring costs. The
methodology proposed in this report can help mike this decision by
elevating to a visible level critical information necessary to make
appropriate judgements. And even if it is determined that it is not
economically feasible to stimulate colmpetition, the program ,ianager is
armed with information to have his staff better prepared to negotiate
sole-source contracts.
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NOTES

CHAPTER 5

1. Duane Knittle and Robert Williams, "Acquisition Strategy
Development," Rpt APRO-904 (Ft Lee, Va.: US Army Procurement Research
Office, February 1981).

2. Charles Smith and Charles Lowe, ,Jr., "Strategy Selection for
the Production Phase of Weapon System Acquisition" (Ft Lee, Va.: US
Army Procurement Research Office, May 1982).

3. Ibid., 22, 29.

4. The impact of second-sourcing on the other program objectives
varies with the type of technology transfer method chosen. The methods
adequately covered in the literature.

5. Wayne V. Zabel and Charles A. Correia, "Subcontract
Competition," Rpt 82-11 ( Ft Lee, Va.: Army Procurement Research Office,
November 1982), 13.

6. In accordance with MIL-STD-1567, "Work Measurement Systems."

7. These are similar criteria to those specified in P. L.
87-653, Truth in Negotiations Act, 10 USC 2306 (f).

8. As when the contractor must order jewel bearings from the
William Langer Plant in North Dakota under the provisions of )AR
7-104.37.

9. William J. Baumol, Economic Theory and 0erations Anaysis, 3d
ed. (Englewood Cliffs, N. J.: Prentice-Hall, 1972), 320.

10. Richard M. Cyert and James G. March, A Behavioral Theory of
the Firm (Englewood Cliffs, N. J.: Prentice-Hall, -9-637.

11. Robert F. Williams and Daniel M. Carr, "Contractor Motivation
Theory and Applications" Rpt 80-06 (Ft Lee, Va.: Army Procurement
Research Office, March 1981).

12. Ibid., 61.

13. Brent Meeker, "Second-Source Splits: An Optimum
Non-Sol-ition," Program Manag er, 13 (March-April 1984): 5.

14. Military Specification MIL-Q-9858A, "Quality Program
' equirements," paragraph 3.6, requires contractors subject to its
provisions to monitor and take corrective actions where the costs of
scrap and rework ar- excessive.
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15. Air Force Systems Command Regulation 173-9, "Cost Estimate
Documentation," 11 March 1982, 3.

16. Department of the Air Force Regulation 178-1, "Econor-ic
Analysis and Program Evaluation for Resource Management," 14 December I979,
1-1.

17. Department of the Air Force Regulation 173-11, "Irdependent
Cost Analysis Program," 12 December 1980, 3.

18. Department of the Air Force Pamphlet 178-8, "Econoiic
Analysis Procedures Handbook," 19 May 1981, 1-1.
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