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PREFACE

Software has critical cost and performance impacts on weapon system
acquisition. The reemphasis on using appropriate contract types and recent
release of the Federal Acquisition Regulation offer an opportune time to
address a concern that "software acquisitions and contract type [are] often
mismatched". This staff analysis project determines the appropriate pricing
arrangement, as described in the Federal Acquisition Regulation (FAR), for
operational weapon system software.

The approach to the problem is: determine pricing arrangement uses and
limitations; determine characteristics of procurement, acquisition and soft-
ware development that affect pricing arrangement; and select the appropriate
pricing arrangement using FAR criteria. This project is sponsored by the
Ballistic Missile Office (BMO). Specific BMO program examples that support
study findings are in appendices.

The author wishes to acknowledge the following people: Ms. Willoughby J.
Rau, BMO/PMSA, for her support, assistance, and sponsorship of this work;
Major Thomas G. Jones, ACSC/EDCM, for his critical review of this effort as
the project advisor which made the project and this report better; and Majors
Buddy B. Wood and Sherry D. Sims for their technical review and comment.
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EXECUTIVE SUMMARY

Part of our College mission is distribution of the A
students' problem solving products to DoD

S> sponsors and other interested agencies to
enhance insight into contemporary, deFense
related issues. While the College has accepted this
product as meeting academic requirements for
graduation, the views and opinions expressed or

4NID implied are solely those of the author and should
not be construed as carrying official sanction.

"- "nsights into tomorrow"

REPORT NUMBER 85-2560

AUTHOR(S) MAJOR MICHAEL A. SPATOLA, USAF

TITLE CONTRACTING FOR WEAPON SYSTEM SOFTWARE: THE PRICING ARRANGEMENT

I. Purpose: To determine the appropriate contract pricing arrangement, as
described in the Federal Acquisition Regulation (FAR), for the develcpment of
operational software during weapon system acquisition.

I. Problem: With an increased emphasis on using contract types that are
appropriate for the specific acquisition and the recent release of the new
Federal Acquisition Regulations, it is necessary to correct what some studies
refer to as a "mismatch between software acquisitions and contracts".

III. Data: The FAR and laws enacted by Congress regulate the federal procure-
ment system. The FAR describes applications and limitations for contracts. The
Defense System Acquisition Review Council (DSARC) procedures and federal
budget process influence system acquisition. Department of Defense (DoD)
directives and Air Force regulations govern both system acquisition and soft-
ware development. Data for this project include directives, regulations, and

-- analyses of procurement, system acquisition, and software development.

IV. Conclusions: Weapon system software development has the following charac-
teristics: changing requirements, inadequate cost estimates, and unknown
risks. As a result, either a cost-plus-fixed-fee (CPFF) or cost-plus-award-fee
(CPAF) contract is an appropriate pricing arrangement.

VI
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R13-1 advances if. omputer technology. Rapid advances in technolog, mean
wide-spread use of computers and microprocessors. Embedded computers (comput-
ers that are an integral part of a larger system)i in the Department of Defense
will increase from less than 10,000 in 1980 to ovr2J~ yteedo n
cecade (17-:48,. The numbers alone 1ili strate the ex4panded use of computers
'and softwarei ir defense applications. increasing software applications mean
a greater software cost impact.

Software costs in a computer systeim deve'opnient now exceed hardware coszs
vjl~: 54). TheGrowh i sotwae costs relative to hardware costs, shown

in Figure 1, is due to aecreasino hardware costs and an increasing reliance c.-
software to perforim system functiona- Because of that reliance, some estimates
are that software development is 55-70% of tre acquisition costs for major Air
Force weapon svst ems (_W: 19)

06

Tota!
L'ost 40 Sfwr

19?0 18

* Fqure 1. H2.raware/Software Cost Relationship[ Besides- Air Force acquisition costs, software is now a major part of the
LCcD ticcet. Ihe DoD) sof tware investment of $-- bi Ilion in 1974 will grow to $24
.1l!1-on in19 9:10; 17:48). Trii= risinQ cost of software development "r es sioniticar:, costs to maintiin software. "The cost of maintairing soft--is et~nae~ t -acou~ -c bu 75 percent c, sc'tware [iife-cycI'e)

* C, 2 .:0; . P tes o* e t ier C o st o r p er f r manc e zoftware is an imcoor-
-lart r' Co~stn.Lst Liid perto, m~finc are also software rrotllirnc.



Signif icant pron ems continue to plague software. W nle ne ,i
easqe the situation, software overruns still occur, schedules Etili_ 7 ,

sntware products still iall snort of their goals" (5:75J. Studies C3 , :-
tho e prcblems list s:;ch factors as incomplete requirement pocr ,de iq ri I:

: udards, and i nsf icient testino r5:7 -74). Riu: th e stuoe IF
:,_-At iCient m 67a qemp , t dils is lc r e" (9:1'. Stzl1 cth, aod ', :

Z L :-it I o lann , " an a misiatc n between sottwar. c QL; 1 i On t 1 C"
at type,, tothe list 1 With te reephasis o >2ir.g : .e

I , arrangements are the rece;it FAR release, it is -ne-es ar to . E
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S STE M DE EL n N F PR2OCESSES

:-rsiin~n§ a1 -qppropriate contract strategy. spsc,-,c iS , the 1;:iA
.- 1ent to stimulate contractor performance. requires considerinQ the

C. C imen t, acquisition, and Oudget processes. The procurement ana acqj.si-

Processes make up kev' interrelated parts of the systea developmnt pr-
zest. The tudgeti ng process adds additional constraints 3nd considerations.

4E-rn iricacts the suitability of a particular contract type.

i r-rment Process

-" qhi,' specialized and complex contract law regulates bo,ernment prr r-

.72ntS and pricing arrangements. Agencies ot the Government must. procure E.p-
: and services in accordance with ouerous laws, regulations, oirectA,es,

ar, policies. The recently released Federal Acquisition Regulation, wrozs=

iJe:: alone requires 34 pages, contains many of those requirements.

-r_.Ernment agencies must apply the new FAR as well as procurement pnlcs

"uXavce to each procurement and everv contract. Former Deputy Undersecrear

- u Defense Frank Carlucci reemphasized the policy to "employ contract types

I-Pe appropriate. considerinq all the facts and circumstances invol-,ed in

: e -:- . i C acqui sit i on 7 7 . Government agencies must now appIY that
witrin FAR constraints. Among the FAR constraints are those tht du-

-ire both the application and limitations of contract types 'pricing ar-

e , e,. , th; iuq .out thie acquisition cycle.

a, t-.amewor for contro_ of tne acquisition process is t e P-, rse

t.s---=  cqu!sit!on Review Iuncii (DSARC. In May 19,., thE[ PS ARC estac se_

a -eac:.n system cquit icn -oncept of decentraliZed man-ipesent with cn tr-3

C- ontrcl of ey Ie 1 o .ment decision- (22:o>2 rthuugh there 1a1, "-E
p*c.s-_ural change in this approacr. the DSARC review proc.ess for

* _'. ;sttior is not sio _ tantail Jifferent than it was in 19b . Trie t c

Q:. siion p ase_ :C e;ce t al"plorat1on. demonstration/vaiidativr, full - a

* ;_-,elopment. and pruduction.'deplnvment) have key decision pcints or milest-.
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Budget Prozess

The budget process involves both DoD and Congress. rhe planning, program-
ming, and budgeting system (PPBS) is a key DoD step in weapon system acquis!

"tion Approval of the (Program Objective Memorandum] POM constitutes the
beginning of the acquisition process" C24:437. The PPBS is a process thet
identifies needs, determines resource requirements. and allocates resources
_1,1:8). Each FPBS cycle "results in the annual DoD budget request which .on-
to the President for inclusion in the budoet . . to Ccngress" 31:8.

The federal budget undergoes a rigorous Congressional review during the
budget enactment process. Three Key committees in Congress review defense
programs and budgets. This review often changes toth programs and oudgets
(26:178-130). As a result, this process is also a factor for analysis.

ANALYSIS APPROACH

To determine the appropriate contract pricing arrangement for so4tware
developments, this staff analysis project determines characteristics o4 the

* procurement, acquisition, budget, and software development processes tnat
affect the selection of a pricinq arranoement. The pricing arrangement selec-
tion criteria are the FAR contract applications and limitations. This analysis

-. approach, shown in Figure 2, relies heavily on direct data sources.

-'.'".ACQUISITION

CHARACTERISTICS

BUDGET PROCUREMENT PROCESS SELECTION OF
CHARACTERISTICS REOUIREMENTS PRICING ARRANGEMENT

SOFTWARE DEVELOPMENT
CHARACTERISTICS

2

-.- Figure 2. Proiezt Analysis Approaech

V,
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"a OUrces

-our ces for trfe procurement process analysis Lire t re I , tF . t . ,
:.tion Regulation (DAR), Armed Services Procurement Man ,* crtlr' S rt ,
tor Government Contract Law, and professional journals tnat have StLit.> C'?

ar lyses of the federal procurement system and its application.

Sources for the acquisition process anais~s are Dob oirecti ves, milatarv
standards, Air Force regulations, guidebooks on acquisitions, and professional
jcurnals that report results from acquisition process studies and analyses.

Sources for budget (PPBS and enactment) characteristics are Air Coimn 0
-nd Staff College phase material and professional acquisition Journals tn at
epor results of analyses of the budgeting process.

Sources for analysis of the software development process are 1o. aub
'es military standards, Air Force regulations, guidebooks on acquisiti-ns,

and professional journals that report results from studies and analyses of the
software development process.

Li mitations
0

it ir possible to classify weapon system software into three categories:
operational, support, and auxiliary software. Operational software are comput-
er programs with a direct link to the weapon system. Support software are
computer programs needed to maintain weapon systems but not directly linked to
the system. Auxiliary software are computer programs used to develop, test, or

maintain operational or support software. This study only considers opera-
lional software development because that software is critical in satisfying
operational weapon system requirements.

SUMMARY

The increasing debate within Congress on budget cuts to reduce the defi-
demand that the Government procure its needed systems properly (23:62).

Software is now a critical weapon system cost and performance element. The
Dopartment of Defense must properly procure this major element and correct the
iismatch between software acquisition and contract type. The first step in
determining the appropriate contract type is to consider the Government weapon
system procurement process.

- .. "............>-.. -,, ,.-.-.".



Chapt2r Iwo

1. W E HRi WEP5N SESTEM PROCUkFMENT FLCE S

S.rn V-,as contracts to "acquire necessar, supplies and
. - . desid quia tv, in a timely manner, and at a fair and reason-

:ol czri_,- ;,,:!HI he procurement process is the same regardiess of the
SupP1.0s I _ :-er. mowever, the acquisition process described in the

f !' cr Z; 'r q , , 6,dQet (UMB Circular A-109 structures weapon system

,s 1'e oudget process affects both procurement and acquisition.
n- chapter dl:-rrnoes these processes and their impacts on contract selection

.3 trst discus~ing tne federal regulatory system for Procurement. It then

, . -es ,:qsitir,, f~scai (budget), and research and development (R&D)
:..as;r :nhe goiernment weapon system procurement process. Finally, it suamma-

.7,.Ln;-deations for contract pricing arrangements.

The Regulatory System

--. :m sninq tro immediate objective of quality, timeliness, and a "tair
- . &sondtle price" requires satisfying restrictions from agency policies

Ir. .o enacted o, Conqress. Because of these restrictions, Government repre-
_ e are not free to obtain supplies and services in an arbitrary man-

'e'. -4qencies of the Government have only a limited, specifically delegated
-.3,tnor:t', to contract 14:1). On the other hand, private parties or companies
i,, cQeneraui' contract as they please. While the private party is concerned

with _iles or laws that would prevent a specific contract action, the Govern-

,t r-_e tative must determine a legal authority which permits a specific
cont ac ':ot n 1, 4: 1-21.

A resu:1t, G jvernment contract lars is highly speciali-zeo and comple:;.

cQA, authority in.cludes statutes, executive orders, judicial decisions, and
.;Li ti~r, The Federal Acquisition Regulation kFAR) is especially import3nt.
* ..- : prov<ns are issued under statutory authority, have the force and effect
S,_,r provide mandatory contract clauses (18:1). The FAR establishes c.

cin'ie reguiation for all Executive agencies procuring supplies and services
appropriated funds (funds budgeted by Congress). As a replacement for the

f-r eC .ervies Procurement Regulation (ASPRI, Defense Acquisition Regulation
,,KK,'. i.Io NASA procurement regulations, thE FAR is intended to:

i. produce a clear, understandabie document that improves uni~to;.t;,

in the acquisition process;
b. reduce the growth of agency acquisition regulations;

c. implement recent recommendations from Federal and Conqres= onra
commissions; and

..- ,., ... P AG: -:E -.

6:4
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d. impro'e agency. industr., and public participation in developirn

and maintaininq regulatore constraints (16:1).

Government Versus Private Contracting

The FAR places strict limits on Government contracts. These limits are

partially due to inherent differences between Government and private :ontract-
inQ, Differences for Government contracting include: public policy objectives

for ensuring 1egal equality of all privste parties Itreat everycne the same.,
social objectives (Tinority-hirinq goals), and public oversight of iuncs
.extensive cost accounting). Table 1 shows a more detailed comparison of
federal versus private procurements.

Area eeral Private

I. Status of parties government writes legal status of
rules or is pre- supplier and buyer

eminent party equal

advantage company
size or financial
status

2. Accountabilitv oversight of funds general accounting

standards and

legal procedures ethics

political review

public access

Contracting process detailed procedures relatively simple

detailed documen- individual company
tation standards policies, standards,

and documentation

legal restrictions

4. Objectives public use/benefit production needs

agency use only commercial needs

multiple objectives profit and loss

social qoals competitive posturp

Tvtle 1. Federal and Private Procurement Comparisons

e4

.........................



-lf - C 2 ~ ~ C

E-. . p ~ o t o f~f cP,& a,7e J te-e v u t a. n c~ o-,

: e nit ter s aps c. v to totr k1, . ,. T tso ,rt .c
a'i ov -r-c pr ce.z .L- tL, the two procurements jre also l .l ar i1. 6.r

LuE~ C*~~ -LW C

C! e .4 tE ?, e !Lur e a C C e : S?: cn s.o i r ea.r t 
-,L i iOdel ci tr~e ederaI pr-ocurement process are sI,:ar to trcs : r- 1

, t- sector t The teoeri' proLurement rO roz . -e t 'i tie- of 1 'an--

cltatlonrF, select:on. award, and contract adm ;;istr6t cn WLr , it ,
S a r reumiator', imits to satisfy the funded need. hese c e -

:,e :;r i~zed below:

3 r i r. [he agenc, develops an oerai crta t n1 sn - .te Q,
There Is a review and valcation or speci fc needs ind o.e.

es The2 acienc,, then starts indi' " dua I procurement ,c.:- :

ieet those needs.

. So I i a*o r - The procuring agency coimpietes tt; co ,,ct
Statement of Work (SOW). The SOW includes tasis, scheo'is,

delivery items, and other performance and quaiit requlremenzs.

This SOW is an essential part of an invitation for contract-s- to

SNEEDS AND FUNDING .

CONTRACT IDANNlINb

t 'DMINISTRATION

AWARLCIA T

L L E 1 DN T

. ... .... ...- ST 4UT S. b rND RFedLeralONS ........ ... -....

UF~nLre I. Federal Procurement Frocess
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bid .make an offer) on needed services or supplies. In some
cases, the contractinq office releases a draft SOW for ccxme:.

c. Sele:t1ir '., r he procuring aqency evaluates al* offers. Tr e a -
uat:or criteria may be price, technical capabilities, or ton,-

bination of price and other factors.
d. A4ard - The Government accepts an of4 er and siqns a contract.
e. Coritazt aduinistratio, - The contractor performs the eoez-ii:

contract tasks. Both the contractor and the contracting agentr
perfor m contract management.

A lei part cf this procurement process is to determine contract strateq',.
7is includes determining pricing arrangement.

Part of contract strategy is selecting a pricing arrangement such as a

4?teJ-prlce or a cost-rezmbursement contract. In the fxeJ-price arrangement
the contractor agrees to deliver a oroduCt or perform a service while the
Go;ernment agrees to pay a price equal to the firm price specified in the :5n-
tract. The contractor s actual costs have no effect on the agreement tc oeliv-

er nor on the Governments agreement to pay. The contractor's abilit- t3 avoid
a !oss or make a profit is directiy related to controlling costs. It actual
costs are less than the negotiated price, the difference is profit. It act ,al
costs are more, zhe difference is loss. The contractcr assumes the performance
r sls- in a fi-.ed-price contract (l5:'-l-2C24i.

r.. ,,eat-re burzeaeTt eiforts.the Government ag-ees to reimbursc the

contractor for all reasonable and allowable costs that are allocable to con-
tract performance (15:2CI-2C4. The contractor aQrees only to ase a best
efort to comp!te the :ortract wthin cost estimates. The contractor is not
"-"1gated tc cntnue performance when the estimate is exceeded nor is the

Government obligated to reim~urse costs in excess of the oriainal estimate
I 5:t-2C24 ' . > his contract type, the Government assumes performance ris=k

since tre overn ent must pay whatever costs are required to conplete the
effort or be sataSfied &vth whatever effort was made.

The FAF 1;scsses selecting appropriate pricing arrangenents. Frirn

a.r. arraQements stimulate the performance of the zcontrctor doinq the ocrI Dy

de4ininq several ways 4or the contractor to receive pavment and proit. The
choce of a f xec-price cr cost-reimtursement contract oltzn rests or cefor-
_ante risk. The R and the Armed Se-vices Frcurecert 1Manual addrers .tr. act

rc n :cit relatonshios:

* I. 9c't t-e 1oernment and the contractor Ehcul2 ce concerne: i'
harrtssino the prctit notiae in stimulating performance.

2. .c s in e+ectiv;elv htarnessing this moti'.e requires r.e,5s' F
.r, sajund jerforeance goals and standards.
.L'." " Cent"G~t tyoe should tie p o-its to contractor efilc~e~c.

:o.t,-o1i:nq costs and meetinq pe 4 olmarce, reiaabiiit-, _ i it,,
and de.ver requirements.

4. There are situations where the Troc+t mctive ma,' e seconoar..
-.. The + -i xed- rice co. ntract is the sost o-e4erred .t - -

• -*-
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*xrm-Fixed-F'rice fFFPi Contract. The firm-fi ed-price contract provides

for a payment which is not subject to any adjustment for actual costs. The
difference between negotiated and actual costs is profit or loss. This tipe of
contract places maximum risL upon the contractor. Tne FFP contract :s =,sutacle
when reasonably detinite design or oerformance speci ;cations are a.ailable

- atd the Gc.,ernment can establish price 1.5:2C7: 17:1b.>.

ri'ed-Fnice-Incentive-Fee (FFIF_ Contract. The PFIF contract is a tiKed-
price type contract with a provision for ad3usting profit. How well the ocr
tractor meets performance or delivery requirements increases or decreases
profit. FPIF contracts are appropriate where incentives can improve cerfor-
niance levels or delivery. Fixed-price-incentive-fee contracts should not no
uscd unless the contractor has an adequate accounting system. An FFIF snouLo
r.ot be used unless it is likel, to be less costly than other methods I-
ortracting for the same item (1:2C4-2C9; 17:Ic.463).

0 -t-FIU-IncentIvE-Fee CPiF_ Contract. The cost-plus-incent;ve-"*e
contract is a ccst-reimburseeent contract with adjustments in fee rpro jt.
The relationship o4 actual costs to target cost increases or decreases profit.
The CrIF contract is suitable primari l for development and test. It should oe
used when it Is likel that a profit adjustment is a positive incenti;e for

* " effective management. The CPIF contract is appropriate when cevelop.,ent ;s

Sh f easible, there are well-deiined performance objectives, and tie con-
tract is adcun- strativelj practical to manage u15:2Cl5-2[l8; 17:16.404-1).

Cost-Plus Fi%:Ed--Fee (CFFF_ Contract. The CPFF contract is a cost-reim-
bursement contract where fee (profit, does not vary with actual costs or
performance. Because fee does not vary, there may be only a minimum inccrt:. e
for effective management of costs. The CPFF contract is suitable for research
projects or when the needed level--of-effcrt is unknown. This type of contracz
normallY should not be used for development of major weapons where there 15 a
hioh prcbabilitv that development, performance objectives, and schedule are
acn vable (15;7C21-2C24; 17:16. -)

.ost-F- -- --w- - - e (C AF) Contract. The CFAF contract is a cost-reim-
bursement contract with special 4ee (profit., provisions. It provides a prolt
.ncentive in cases where ,t is difficult to quantitativelv measur Derf or-
,ance. Awrd cr:teria vary, but may incluoe quality, management, and schedUle

* factors. The CPF contract is suitable for level-of-effort contracts where the
p oerformance of services is clear but determining level of achievement 1s

" subjective. 't is also suitable for efforts where it is difficult to establish
definite milestones. There are 1Imitations to its u-se: it should not te used

tC avoid a CPFF contract, or when p-ocurement is for Enq;neering Deeiopne-t
fir Operational Sstem Develonme-t act'vlties 1l5:2C18-2C21; 17:lo.U4.-<.

6 Tnse act:vivt;s are part of the FAF: s R&D c,:le 5cr a s-,stem life cv-'e.

:sernL1'e Cycle tdl IS

T t tot- 2yjstem ±ife cycle, Fiqure 5, inrluoes s stem acqui :tlor.
-- earch and de-e'oment iF&D), and tiscal -ear budOgt ci es. A weapon s5e-1

1 WrJ t~le ao d n ed i n sAFPR,0 S-Q2, 0rolura , taaeerne-;,t, and F .C

12.
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cept, guidance, and policies for major weapon systems acquisition; the second
provides specific tasks and responsibilities (24:41-42). While there is now
some flexibility in scheduling milestones, each milestone has a specific
purpose:

a. At Milestone 0, the Secretary of Defense approves the start of a
new program following analyses that identify a mission need.

b. At Milestone 1, the Secretary of Defense, after a DSARC review
and recommendation, selects a specific concept from a number of
alternatives based on such factors as costs, schedules, mission
objectives, supportability, industrial base, and affordability.
This milestone occurs at the end of the concept exploration
phase. Concept exploration emphasizes identifying alternatives

and maintaining competition.
c. At Milestone Ii, again following a DSARC review and recommenda-

tion, the Secretary of Defense gives approval to begin or proceed
with full-scale development based on performance definition,

costs, schedules, risks, and supportability. This milestone nor-
mally occurs at the end of the demonstration and validation phase
where there is extensive prototype testing. It may occur later in
the system development phase to refine cost, schedule, and per-
formance requirements or estimates.

d. At Milestone 111, either the Service Secretary or the Secretary
of Defense decides to produce and deploy the system (24:43-47).

Although the DSARC review process instills discipline into acquisition,
it also has faults (22:4,53; 3:13). A recent study of 16 programs developed
under the DSARC process concludes that although effective, the review process
is inefficient (22:iv). Among the inefficiencies are:

a. decisions are not considered to be binding budget decisions--
since the budget process operates independently of the DSARC
review process, changes to programs often do not find their way

into the budget, are appealed during the budget process, or are
reversed during the budget cycle;

b. there is a perception of micromanagement--rather than considering
broad system issues, DSARC reviews overemphasize technical issues
and engineering solutions at subsystem or component levels;

c. strategies and program direction change whenever the staff
changes (every 2-3 years--alternatives are reconsidered, studies
reaccomplished, and previous phases repeated as the new staff
reviews earlier efforts; and

d. Congressional authorization or appropriation bills often include
program tasks, limitations, and guidance (22:51-55).

The Planning, Programming, and Budgeting System (PPBS) ends in the DoD
budget input for the Congressional budget process. Although the PPBS completes
a cycle each year, "several cycles are in progress simultaneously" (31:81.
because of that, the PPBS cycle is not time-phased exactly as shown in Fiqure
5, but is a series of overlapping cycles. These two interrelated PPBS and

I dI04
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*I~ SQ ; 301117,. Fre contributes tW cOst lncrtvdsec.n w
E, r-o. s:Y is a penc, to ensure proqram fundinq for tre ,pCon

H,3. 31 trz e .er;st et long-term weapon Wtem implicatio.d, .

F "rrn.fix., a'rpoeoely under stated eilher ac ,:.< cc 3 P
S- .: rt a. it f funaing rather thd:; tne ftUnCFr r 0 Qi. t

.:j: oD- becdue crtractors purposely lowe!ed their corst iti ateE .

a- r ; n -7:Yt'1 AE a re5ult, p-ro ram costs cr lat r t"' , e , j

:7 , w Pe_ C O: oso i q. This produces irEtability in pro.r m eu irE ,, -;

'GC .Lnfel ! K1 tOrr es Zongress view that ear , Lca t .heyi . a-

pt r ,tCe o o st . teE are consistent!.; overly optim±stiC and niqr , u,

. ' ' ail iit" to enact nuoget I ecli ati r I ', 0 ; '

*.- Ofa cts program staDi!lty. Congress uses a cortinuinr ,q sr .

t;. authcrO , to tiid crograms when it fails to enact budget ieqisiaL:u.. n

.- 1[,rn ,eE I.1rT  allows the expenditure of funds at the ru0r e, r- e.

1&13: : , .. em n t k e t cs and puts programs on holo . Among n_ , '

i; inficuirl in iony-range planning; reduced management tiexili,r,; 'n-

: j I",r ,; A uI unstable program schedules (28:198). To sca 'e,,n,.

r i. ; t''n C " ''r, year.

-. , Pd.ri 100-184 began with a continuing resolution rasgrnq r -4 -
*1. - , weels whitn an average of 10 12 weeks before Congress en Cze. a

-" : cj ,;4;--,. This proolem is a recurring one. "Since 1972, thirti-
..... ,:ag resolutions have been enacted into law . .Snce 1976

.. ll appropriations bills enacted ey the beginninq of the fKscss

M. that year a continuing resolution was needed to funo some

. - uEVEi Upm Pnt c,.'Ce in the 5Vyste mode, F .ure c. cL' P
Imoortant activities for pricing arrangement consideraton . Ttc

n -'ese acti-ities as an a:d in determining pricing arrana e e,-,t.

inciudes all scientific study and Pyperiftentdtic,
1 . Jirynted toward increasing knowledge ano understarcina

t r-a tiMds Eof the physical, engineering, environmental an.-

e .:E ... .. rejated to long-term national securit needs. ,t

- a' Ivmre:: i inowledne required for the eo utiD n of ,TI'

; ',a!.,.'se . o rt - inciuoes all ettorts directeo ; vu,,
k . .: - tion o zpecitic military problems, short o: ma3or d&c.i -

,;.,t pr:jects. It involves only minor development effort. Ito
-omiant characteristic of thiq; category is evaluating proaonec

-B'to .t nec ic m:litar problems tor feasibii.t, .
GFaO. r , .',,pm nt includes all efforts fi rO, 0 1e t ,.. -

0 t



are de.e:pino protctvOe hardware for test. The prime res-sit :'

£ . -Pe o. effort is proof of a desicn conceot rather r n
hardware development.

d. E qineer I Developaert - includes ani pro3ects in ft; -- scer .
enqineering de,elopment. There is no aoprovai tor system >c-c: -

tion yet.
e. Operational System Deveorent - includes those projects EtA.

in 4 ull-scale engineering development 1ut wan approai for orc-
duction t16:4-1014 17:1.5. 104).

There are both aeneral and specific pricing arrangement guidelines tor

those R&D activities. General Qudel:nes include:

a. A contract other than FFP should be used when: contractino c-
research and development; when price competition is not present:

when cost or oricino date available odoes not permit sufficiently
reaistac estimates of probable cost of performance: or ur:cer-

tainties cannot be evaluated.
b. It is possible for different parts of a project to fit several

different categories. The contract must be selected to fit the
work required not the program classification 17: Part l&).

There are also specific guidelines, Table 2, that describe characteris-

tics of the R&D phases and the appropriate contract types for each phase. As

shown, there is more than one appropriate contract for any general R&D activ-
tv. Specific projects may have other considerations for a final contract
selection. Table 2 groups together R&D catecories with similar characteris-

The Research and E'ploratory Development categories have similar charac-
terastics. An importa,.t one is a lacd of definitive requirements. As a resu]lt
several cost-reimbursement contracts are appropriate. The selection depends on
other factors includinq risk. Similarly, the Eng;neerina Development categor,'
shares such common cnaracteristics as engineering design and prototypes With
the Operational System Development categorv. 'n this case, the degree of
proJect definition trequirements) and risk are arnonq factors to cons5ier.

rhere are few restrictions in the Advanced Development categori. Beecuse

this ohase often has many major changes as a result of systems analysy and
cost studies, the contract is usually a 1,FF. In cases where it is possible to
detine measurable cost, schedule, or performance criteria, incentives are

0 s ummer z

The weapon sstem procurement process includes procurement, acaulsitaan
-And budget prcsesses. The procur-ment process defines how to contraZt .no ;fne'
* t u-,c, certain pricing arranqcments. In general, when r sI is miniwcI. , Uit

ii,' r dC It i, ppr,pri te. Pt uncurtaintieb increase, huwe.er , cost r(i mwr",C

m e"t c,,ntractc. are approprzate, e s an aid in that election, the Fh ne:;;e
F categories that are similar to acouisition process activ:ties. The aeOn:-

Ic
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sition process formalizes weapon system development. Congress not only afet
these processes curino the budget process as it reviews orograms, but aizso ty
its inability to pass a budget at the start of a fiscal vear. The followina
characteristics result fro!Tn the interrelationship of all th~ese activities;

a. while the DSARC review process is effective in formally reviewiric
programs, it is inefficient---continued review, micromanagement.
and resultinQ program instability; and

b. budget and fiscal cycles add to program instabkilitv--unrealistc
program costs, lack of a budget at the start of the fiscel ear
and Congressional proqram direction in budget bills.

T~hese general factors for weapon system development are considerations
when selectinQ Pricing arrangements. The next ste-p is to =specifically crde
software develop.-eit for other factors affectinq pricing arrangement.



unaptar Three

SOF TWARE DEYELOH MENI

n bUI&t.SBJn toh UweCI& acquisi1tion ano ~ 6- 0-

A CC&~0 o utsoftware development. Ti hpe tolot s
2b: In errlem wuih so ft war e an d Iesc ri1bes thne cir r e rit -o t or

~ci 2E~ rnu.2el.7 it then describes changes in that mcoel a s a r e actio t o
Lori0,. Fina y , it summar;zes so+ tware develIopmen t char actre r se

St J ji7 r sr r jim e nt .

)O-F TWAWE COSTS AND PROBLEMS

* ar? development is a major weapon system cost. There are ostifTates
of the a cqui1s it ion c osts5 of majior Ai r For ce weapon -"5 Q ar, u sOn

*.t or~ 'D eelopmient (0: 19) . Additionally. the DoD software investment will1
jr4 1io n 19 34 ( 9: 10; :48). While these costs often resu it T 705f

- cn -,Q sofitware applications , h igh software costs are also due to Cleve ILp-
-~~~ .- : .~r.(e fol lowi ng are major exampl es:

-- a toe, labor-intensive aspect of software development often requir-
ing Mighly silled and creative programmers;

b . otensive software testing during development;
C. :mgesifl prgrams deignand code as errors are cfodan

prerm' dereced andn ali

d. vague or changing requirements.

00 rr iao s thne cosct t o ma int a in s oft wa r e. "h e c os5t o t m, in0 : -.,i n: IT
ve is a-:tic-ate: to account for about 75 percent 0± software cos ts'

- I: I Love re: scnis for high software devel opment cost Blso -ol t tte
t - .,a G7 Entainirig software. While hardware is mantained b' replaoiuq

I; r! t;i pair ts with new ones, it 1s not possibtle to mai ntai n sof tarL£ O

. , .= -,-,- , 7 1 .r orm ot + . , , t i, aq r e r . , , - . .• . , . .-i- i- nL -

r :~~~ sun~ an idlentical copy of the original porm oree ni-
-. i rr-crs redes: g requiring the same tools, techniques. an Si>3

F:~~'~ fp i red a nrIeeV1

e e I nei n t ,1s41 That redesign so often to correct software so 'mucl +
. ,: o ene for potware maintenance isf r attributable to time spent oi.in*;

o, t that wa s not correctly developed in the f oirst place" : r 3

E ee , d e 0 U', .fvi At smmnrizes software i oee m w i tmh software dever ,r,._

- ., , rGr late detiveries, and ayotem fa ayiIeure E . There ar3 -_v L

f: Ea T- t IM. L Cost overruns of "o r times the onircal est:nat es, f
tr. ,- e p i oanned capability are not uncommon" (0:te covrs ofen fro

7.Po: or in ailit to ccurately estimate costs.

V.. i ,:, e f l ow n r a o x m l s

a th laor-itenlve spet ofsofwaredevlopmnt ftenreq.r-

in ihysildad raiepormes



Models fnr estimating software costs are "poor and there is little corre-
iation froz7 one model to another' 113:67). Particularly critical +or weapon
system software acquisition is that models "do not produce good estimates T to
5 years in advance, at the time the initial budgeting estimates are made i.
t;e Frogram Objective Memorandum" 30:50. With the difficulty in estimatino
costs, the resulting cost, schedule, and performance problems are not surpris-
ing. Another reason given for those problems is failure, to follow an ade-
quately structured and properly managed development process (21:1; 13:63.

SOFTWARE DEVELOPMENT PROCESS

To follow a structured and properly managed software development process
requires recognizing both the role and nature of software. The software role
:nanges during weapon system development. In early phases of weapon system
development, software supports hardware engineering models and prototype
tests. As the system development progresses, software supports test tool ard
silnulation development while continuing to support hardware development. Fi-
hrll i, software is a distinct profuct in the.weapon system. With all these
roles, a properly structured and managed development must plan to both develop
software and support other activities. Software can readily support otner
activities because of its nature.

Software programs are easy to modify while software development is itera-
tive. Software modifications can quickly change system functions for hardware
tests, new requirements, or design corrections (13:691. (Appendix A gives
examples of modifying software to improve system functions.) This creates the
incorrect impression that since it is easy to mooifv software, mo'il ,ing
software is easy.

Modifvino software is not easy because it means redesigning the program.
Tnis requires analvsis, coding, and testing--the same tasks needed to develop
software. In fact, "current practices for mo-difying delivered software systems
"rpquentl result in excess costs, failure to realize performance potential,
(.o-d] systems out o4 action for unreasonable lengths of time" (13:69). This
means yet another modification. Developing software that works properly, then,
i s an iterative-process.

Software development is iterative because of changes "to make the system
meet the original requirements" t13:69). Changes often correct errors which
fall into one of three categories: requirements, design. or code (these are
also three software development phases) (5:74). Regardless of the sstem,
softare, or testing program, errors are detected during each phase o4 soft-
ware development . from every major category. And more importantly,
eacx phase caugnt errors which should have been detected earlier" (L:9 . This
me 1;s that dvi-ig the design phase there are errors in both design and re-
c i ements; Tra durnq the test phase, there are errors in req, 1r ementE

.. de'igi, and coco. But software development p-ocess models have not shown
-oftware modificatons or software s ;terative nature.

20
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requirements to each :tem;
D. Preliminary Design Reviews (PDR) are to evaluate Dasic soitware

design for completeness, adequacy, and compatibility wltr soft-
ware and system requirements;

c Critical Desion Reviews CDR) are to evaluate deta:Ied des. r
prior to software coding;

d. Functional Configuration Audits (FCAj are to verify software oer-
fcrmanze against requirements; and

e. Physical Confiquration Audits PCA) are to examine the coded
nroqram against its documentation prior to Government acceptance
'2 C h 4

THE CHANGING SOFTWARE MODEL

In rpalitv, software phases are not distinct or sequential steps. Re-
quirements analysis does not stop at a distinct point, nor does preliminary
jeslgn walt until all requirements are defined. Instead, all phases blend
together tnrouqhout software development as in Figure 7. Each phase also
receats as software matures. "Several software development life cycles
JCO1* Ouring one svstem develoomFnt life cycle" (25:5). These soitware
":+e :jcies are 3o+zware moditications in response to new requirements, more
folent deser, or test results.

rN

j;p ,, 1 N R U*E4b .. .

!AET LED DESIGN ..

CODE' C HEL LT .O ..

INTEGRAT!ON.'QUALIFICATION ...

FUNCTIONAL ACCEPTANCE ...

O'.tware Lite Lvcle Activ:t~es
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m"i .j F rl eUqn I e 'rl ,ej*: p E. odf ot.ar e tevei o m'ent ;,i . i: i. L ,;

,1- 1 ~ 0, t C c.r lc er .-. fh - chanqes Td, c i* sy reqiireie f s,,
c odE n c error iate 1ries appeared to oc distributed itn t i L m.:
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repeat ,ases:, c.Efr1e so ftwarE "buiids", a nd add re.

e c:. decaise softwdre maodf 1catilor. is a redes.n inIt It
LI'.edmfnt ictiv itie .. s an example . 1iurc 8 shows tha u m c i : .Lx.j
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posEi Eie j repeat any earlier activity. The repetition of dev-lopiment -
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Scttware Develogment "Builds"

In the 4build" approach, software development occurs in stages. Early
builds of the software have basic program structure and a subset of require-

ments. Incremental development, Fiqure 9, allows progressivelv refined builds
that add to or expand initial capabilities. Changes can be incorporated in the

-ne!t version or delivery. Figure 9 shows an offset in activities to indicate

that build modules are time-phased and activities overlap. Factors that in-

.- .- +ljence the choice of requirements for the first build are hardware develop-

ment. test-bed requirements, and interface definition. In specifically defin-

.nQ each version. builds help to manage unstructured and uncontrolled chanoes.

UILD DEVELOPMENT ACTIVITY MODULE

I REQUIRE- 1PRELIMINARYI DETAILED ICODE AND I QUALIFICATION A
MENTS DESIGN DESIGN CHECKOUT TEST

2 REQUIRE- PRELIMINARY I DETAILEDI CODE AND QUALIFICATION B

MENTS DESIGN DESIGN CHECKOUT TEST

3 REQUIRE-1 PRELIMINARYIDETAILEDI CODE AND IQUALIFICATION C

MENTS DESIGN N DESIGN CHECKOUT TEST

Full System

n REQUIRE- 1PRELIMINARY DETAILED ICODE AND QUALIFICAiTION
MENTS DESIGN DESIGN ICHECKOUT TEST

Figure 9. Software Development "Build" Approach

There are several ways to define the capabilities of each build.

".-'*- 5uidelines for defining distinct builds include:

"1. ensure the build is functionally loqical with operations.

b. ma>imize the uniqueness of added capablities in each build; and

lie c. minimize the amount of modification required of previous builds

or the new increment (7:271-277).
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Lj, iterative development process. These models are often software "bulds"
th;,t control changes in reguirements, design, and code. Key characteristics,

tren, wnen sclectinQ a pricing arrangement for software development are:

a. Coanging requirements;
b. poor cost estimation; and

c. an iterative development process.

These factors indicate that software development is a high risk effort
regardless of the system acquisition phase. The final step to correct the mis-

matot fetween software acquisition and contracts is to relate these software
characteristlics and the Government procurement process factors from Chapter
Two to the FAR pricing arrangement guidelines.

m1

0

.Uo

-. .. ... , ........ . .. ... .. < .. ._ .. . . .. < .:.2 6 .



sitem ,tqi

I,

- ' .. .ne F b, r ' r arr .ngeme ent criter ia t o sei c 2h E ~ , o. r.-. 4 t-

Sr inR( LLj-,I eit

v'] r -up3 Ei dr Schruf t E M a JLU .

oL e o - --

~.,- . . . . . a . . . ... . .. .. . . . . . . . . .

z, . r, F- a n dn nSt o t 5 a ;

,L'C,' v IO CbtS F w r aL c at a v. s o -wt.

- .. ... c I- C, a 1r tn.r ,e :...'r-C e .

, -" : s oc Lirs s te t a re, t , 2 i c t-, u, .

. - ,- ri,- o s t e . t " !t r .. ,,' *.'-. " ., .. * a-E: .': j ; .l . 4 aiv i yp';t 'CO5I wzt the " .- ' 8 :. = ". Z *

o. t 7 e M iha l I c

I e M psEnt f

ur-ut~~~ (1-3, t vk-aplc- hd e

:0-!, ; E :; ';.: [ TEECF "_

t2, .1 ri C -m A oh.a . . .r .e...15 ... t ... i, he c .) .E mel Cr e Ire D .. "

:'.. '2 ' l , .O;, 10 C,-are dca-e3C~flmenC requires 3>2- ,-.-, . :2a. - =

.'--,C, I . ::. w -. t ,-scate ,evelopment to d . .' ,

" - . :-- -. 3; -<v . eo. , - t.p C-are. 3- e I op mer t f c c
* -£ - ' .- ..J : . b' ,TedfS aoft 4-:'' aS ec.Gi ,6: 7-e * ,: .3 -.. : ,

aa-t - t 1 a-, a - t he

r . :.. - . . ,ar-our til, , pa t , the - .e . .. .n

* "' -- l. <', i-t i a;;,, cr adeqa ,. T; ne desQc r a .
-. . d :2 " 9 . q'l . r '',7 , ,a :a,,' desnar a-d ,4  *. qaf :- a..• -"; :'1 . :, .;,: J .

:- . l:..aa!aA!: a

-°.."
0.



-D'. ' . " -, ." ". . - - . . . - -. - - -. --. - . . " . . o - . - ." • " 
p

oprent models, these designs are prototypes.

Prototypes are complete designs to test program requirements and operA-
- - t:onal capabilities. A next build or prototype version improves des:r Ln

c-de for better efficiency or use. These interim versions are not tre iinal
* " procuct but a means to arrive at the final design and program. This is crnces-

tent with activities in the FAR's Engineering Development phase.

FAR CRITERIA ANALYSIS

Factors in selecting a contract type for Engineering Development efforts.
rable 2, include degree of project definition, accuracy of cost estimates, and

degree of Government control and direction. These factors determine the appro-
priate contract type (pricing arrangement).

Pr2ject Definition

Weapon system program stability and software development characteristics
are key ingredients for project definition. The conclusions in Chapter Two

* indicate that weapon systems suffer from proqram instability (a speci tic
e,:ample of program instability is in Appendix B). Even if that was not the
case, software development problems include original requirements that are
incomplete" (5:73.. The iterative nature of software development inciudee

- changes in requirements. This is additional evidence that software project
definition is poor. (Appendix C shows an example of reported errors in re-
aL:irements throughout development!. Software's poor project definition afiects
cost estimate accuracy (32:2).

Hccjr aci of Lost Estimates

There are a number of reasons why it is difficult to estimate software
costs. With program instability and ill-defined or vague requirements, "the

* resulting cost estimate . . . will be imprecise and undependable" (32:2). Even
with firm requirements, "current software cost estimation (SCE) models do not
produce good results" (30:5). SCE models require estimates of the software
Droram size (30:51. But size estimates are inaccurate (30:5). Even SCE models
wlth factors for program size, complexity, hardware, personnel, and schedule
Qiv different estimates for the same project (36:--). The size of the cro ram

-' . chanoes durinq development as modifications occur.

"'- "Modifications during development to "software that was not correCtlv

developed -n he first place" also affect cost estzmates (o2,. These Todi 4 :-
cations occur from revieA, analysis, and test. The abiltv to predict tne
rimber of errors or changes Ouring development is limited. "All error preoi:
- cn models sufier from the inabillty to p-edct to the accuracy [desiredJ"
4"0 W4:4 Becarse of that, software de,velopment has Lost r;sks.

The FAP di scusses rIS I in terms o4 cost and pertormance. Cost ris''-
criiarI l' adeouacy of Government end contractcr cost estimates- reali't-,

. - -
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* Lost-PIlus-Fix ed-Fee (CPFF Contract

CPFF contracts are suitable for research or when ievel-ct-ettcrt
unk.nown. As discussed above and earlie r in Chapter Three, software rcoste'
mation model s are inaccurate. Changi ng requirements and modii cati on=- thrcmh-ir

out development make software level-of-effort unk nown,. -,his contract t~ocv ma.-
be appropriate 'or software developments.

Cos-t-Plus-Award-Fee (CPHFi Contract

.. ii : .z - $ + , • . .. ..- . .. . . .. . .+ . . . .. , . ,. I ., . .| . + . +. . J ,

EPAF contr acts are suitable where determining the level ot+ achi evement i=a

--bgective or where it is difficult to establish definite milestones. When
d: ffierent software designs satis-+v requirements, their evaluation as= soutec--
tiv'e. Meeting the requirements is difficult. Especial>1% difficult is atc
lizting and meeting definite milestones. CFAF contracts, then, ma,; Alec vse

appopratefor a weapon system so~tware development.

SLUMMARY

0 Weapon system software development has a lack of firm requirements,
inadequate cost estimates, and ex-tensive Government control and direction.

*Thes=e are also pricing arrangement characteristics ior a cost-reijbursemenit
contrac-t. The characteristics indicate that software development is high riskI

during any system acquisition phase. High rikdevelopments normal ly require a
cost-reimbursement contract as shown earlier in Figure 4. Reviewing the three

- .. ~major cost contr acts to answer thMe quest ion what contract pri cinoarnomr.
as described in the Federal Acquisition Regulation t F f;:, is a ppropr iate ril

t he devel opment of oper ati oral software during weapon sy stem acqguisi tion paves-
this answer: a - st -rexbar eimert ontra.:t--either t-PuS-fised-rPe CF oFn
o r cot-ISinar d r-fe CAu)abTe important part of this oonclusonEt th
sot re development requires a cost-reimbursement contract. A selection be-
:weer a CPFF or 'AF requires additional specitic cnsigeatiorS.

[ t-'l s-sod f twar C P r ontram,-tr e

The ondivu v,,ai sams type of functions, previous Eri ec
C omputer st em, and other areaiswould help choose between a CF'FF o r [tFP

ihn ndeeigdfntmietns AFcontract,temY Icd

-otr ~. The .* haracteristi..s indcat tatjoftar devomet. is nihrs

. . .. .. .. . . .. . . .. ..... .......
as escibd i th Fderl AqusitonReglaton (FA i aprorite - ._-n
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. FMD R-M 0075;12). undated, implementea dectsions to tase !0
Peacekeeper missiles in existing Minuteman silos and directei

additional basing studies to include the small missle.

1. PMD R-M 0075(13), dated Sep 1983, initiated Peacekeeper missile
production and directed engineering design and demonstration to-
small, single warhead missiles, hard missile silos, and dep
basing.

m. PMD 005(14), dated Sep 1983, directed design, development, anr
test o4 a common ALCE capability for Peacekeeper and Minuteman.

n. PMD 0075(15). dated Oct 1984, updated program funding.

o. PMD 0075(16), undated, provided further QuLdance on the comon
ALCC capability and updated program fundinq.
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r p en o 1!

MINUTEMAN SO F IWARE ERRUr, A4W L

botn a developing contractor and a second. ro 3gj~rJO:t ,im I. a-

Minuteman so+tware programs. This approach is ,r, 3_.I'llr- -, 
:, Pte ff..  trat worl properiy. inrouQhout tn_ t.1 f: r nt I n, 42 - .

tind errors in requirements1  cj qn. ano code. I esP err--mr ;,r0cir

eaol e o with no chain,-. jeterred chandes, or a n fr LO' i1 'Tr t -. -

Q S2- inq L im Lar, ,i from anomalies reporteo , an i q jeen rnr t_%i.

a. th4 anomalies or, two pro)ec t s, each ht hthre_ snTrtC proGramr,

were reported;

b. 171 of the anomalies were reported .q ntt reu refntc. 8

against design/code;

c. Requirements anomalies were reported -oth netre and aier

coding; and

d. Design and code anomalies were reported during the coding rhaSe
I.:l: - -).

[rese eramples indicate that even in highly discined, well-detined

cro 7r L ms, anomalies (errors) always occur.
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