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PREFACE

Software has critical cost and performance impacts on weapon <csystem
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 [arel 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; detzrmine 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, +{or her support, assistance, and sponsorship of this work;
Major Thomas G. Jones, ACSC/EDCM, +¢or 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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““UInsights into tomorrow”

EXECUTIVE SUMMARY

Part of our College mission is distribution of the
students’ problem solving products to DoD
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
implied are solely those of the author and should
not be construed as carrying official sanction.

REPORT NUMBER gs-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 Acgquisition Requliation (FAR), for the develcpeent of
operational software during weapon system acquisition.

II. 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 Reqgulations, 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 svstem. The FAR describes applications and limitations for contracts. The
Detense System Acquisition Review Council (DSARC) procedures and federal
budget process influence system acquisition. Department of Defense (DoD)
directives and Air Force requlations govern both system acquisiticn and soft-
ware development. Data for this project include directives, regulations, and

analyses of procurement, system acgquisition, and socftware 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 arrangemsent.
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Lhapter Lre
FROJEDT INTRQDOCTION
forme-  Zeputy Undersecretary ot Defenze Frant (ariuco: recapnasizes
et “emplcy contract tvpes that are appropriate, cor=idering !
3n3  Circumstances involved 1n & specific  aCguizitian CLlv :
n3z1¢ 1s espec:ally important for scfiware gevelopsent centracts,
recausez of the }erge Department of Dafense (Dol =citwere 1nvestaent
tecadse "softwere acquisitian ang contract type larsd sften mremaiIh
=d.. This staft analvszs project determines what contract pricing &rran
. 335 Jescribed in the Federal Acgquisit:ien Regulatiorns (fAR:, 13 aprrocs
ror o the Jevelopwent of operationad:; softaware Jurisng weapon 5¥:1TE8 3lJ.Q
Tris tirst chapter introduces tne sotiware problem and analysis app: o¢
ter Jwo describes the procurement, acguisiticn, and budget procasces
11 ang their etfects on pricing arrangement, while CLhapter Three ::z
+5i2 of csoftware development for the “facte and circumstences . . i
itic acguisition”. The software pricing arrangeaent selection is irn Ch
Four. Chapter Five presente f1nal #findings and Zonciusions with recoan
ans tor further etudy 1n Chapter Sin.
itiis chapter descrites the staff anal,sis prorect by
153 1mportance of software in systems acguisition ang -
[t then highlights processes that affect contrarting
arement process, the acquisition grocess, g the badge
tnagter describes the anslveis approach {25 the proect.
no-zazing interest ang debet® wilhir Jongress  3re  WSE23P D3
iTitions such as the F-iS and F-in as-creft. ang  tie smali intercontia
Feoltetic Mizsile {(IUBMY ang Peaceveeper aissile systeas, Historica. o
r v difficuliies wiin production cschedules, end Insdeguate foil
1L oare  @ajor <encern: that affect program cost f2%:s2-.  They are
ecGuiszition goals that the Department of lefense Dol and Congr
w 1T IthT). Kegardlieszss ot the weapoan s.osteam,  eny alguitition  tnolu
wi'2 gevelopment. Software 18 now o Crltical performance and cost elem
nosystem acguisition.,
Tl dmporiance
g reazon tor the critical performance ano cosl o ampatt OfF 0 2o ilwdr .

1
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rapid advances in coaputer technolocgy. HRapid advances in  technology mean
wide-spread use cf computers and microprocessors. Embedded computers {(comput-
ers that are an integral part of a larger systemi in the Department of [lefense
will increaze from less than 18,0028 15 1988 to over 250,808 by the end of the
cecade (1Z:48). The numbers alone 1llustrate the ezpanded use of computers
fand software’) ir defense applicaticns. lIncreasing software applications mean
a greater software cost 1mpact.

o

i
19

Software costs i1n a computer system deveiopment now exceed hardware oo

5
(21:ly 5:74). The growth in software cocts relative to hardware coste, shown
:n Figure !, iz due to gecreasing hardwar2 ¢asts and an increasing reliance on
software to perforas system functions. Recause ot that reliance, some ectimates
are that scftware develcopment 1¢ 53-7@% of tre acquisition costs for major Air
Force weapaon svstems {(Z28:19).
20 Hardware
% oot s5¢
Total
Lost i@t Software
28 —/
i } e
R T
1955 127@ 1985
year
Sigure !, Herdware/Software Lost Relationship
Bez:des Air Fgorce acguicsiticn costs, sotftware 15 now a major part of the
20 bucget, The Lol zoftware investment of $3 birllion 1n 1974 will qrow to $£24
- citlron i 1994 (9:1@:; 13:48). This rising cost of software developmernt in-
. ' .des signiticant costs to maintain software. “The cest af maintairing soft-
ware 15 estimateg to account for abcout 75 percent of  scftware llife-cyclel
(ostz ' tasl@:r. In te-ms of eitner cost or performance, software i1s an 1mpor-
can*t part o g weapnns systen, Coast and performance are also software provleas,




3 Tt twat2 trobleps
Significant probdleas continue to plague software. Wnile
K gase the situation, ‘“saftware overruns still occur, schedule
sottware products still +fall short of their goals” (3:73).
. those preblems li1st such factors as i1ncomplete reguirements,
) N a'audards. and 1nsufficrent testing (5:73-74). Hut othes stuoies R
- “rhzutticient  management discaigline® (F:173. Stiltl Gther: and i adeltats
- azaurzitian plenning” and & mismatch between "sotiwar: acquiZition  ann o
¢ ttact  typer to the 1313zt t13:&8). MWith tne reesphas:is o0 WTING  Appiopiiate
- Srioine arrangements arc the recent FAR release, 1t 15 deceszar, tc  ISriedt
- ttiat "miEmatonht,
& SYSTEM DEVELDFMENT FROCESSES
, SSTEYMINLAG &t apprapriate contract strategy., spscicicaliv o the froling
. ~argement to stimulate contractor performance, regduirss  considering  tne
procurzment,  acguisition,  and budget processes. The procurement and s€gulsl-
tion processes make up key interrelated parts of the system develooment grc
- zesz.  The budgeting process adds additional constraints snd consideratisns,
4 Earh impacts the suitability of a particular contract type.
- Frocess
: tighly specialized and complex contract law regulates GG.ernment prac.re-
&8 menls  ang pricing arrangements. Agencies ot the Government must procure sup-

pligs and services in actordance with npumerous laws, regulations, girectivec,
- arn>  policies. The recently released Federal Acgquisitian FRegulation, whoze
? index alane reguires 34 pages, contains many cof those reguirements.
j Government agencies must apply the new FAR as well as procurement pol.cv
7 tulderce ta each procurement and every contract. Former Deputy Undersecretar.,
! 2t Dezfense Frank Carlucci reemphasiced the policy to “"employ contract types
- T3t ave appropriate.  conssdering ail the facts and circusstances invelved in
P spedits scgulsition”  (33:--)., Government agencies aust now  apply  that

c
witrin FAR constraints. Awmong the FAR constraints are those that de-

. “ both the application and limitations of contract types (pricing ar-
" 2nt) throsughout the acquisition cycle.
- nidei.otinn Frocess
i ‘me  framewart for control! of tme acqu:isition process 13 the [asesnce
- - negquisition Review Council (DSARCH., In May 19:9, the DSARL estacl:iszhed
2 a o system ascguisiticn Zoncept of decentralized a3anagement with caitral
1 ’ Doeh o vantrol of rey desvelopsent decrsionz (2Idli.  Altthough there have tee
' oo this apprcach. the DSARC review process far systen
- stantially Jifferent thanr 1t was 1n 1989, The tc._-
- v cept exploration. demonstration/validation, full-zoa::
j de.elopment, and procuction’ceplovment) have key decision points or milestone
. C2dnd -4 ne budgeting cycle alseo atfects the acquisition process.
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The budget process 1nvolves both DoD and Congress. lhe planning, progras-
ming, and budget:ing system (PFES) 15 a key Dol step i1n weapon systes acguis

i
tion. “Approval of the (Frogram Objective Meamcrandus] FOM constitutes the
beginning eof the acquisiticn process” {24:43!. The PPES 15 a process that
identifies needs, determines resource requirements, and allocates resources
{31:8Y, Each FPBS cvcle “results :n the annual Dol budget request which a0es

to tne President for inclusion in the budget . . . to Ccrgress® (21:8),

The federal tudget undergoes a rigorous Congressional revies during the
hudget enactsent process. Three xey committees in Congress review deten
programs and budgets. This review often changes both programs and budge
{26:178-132), As 3 result, this process is also a factor for analysis.

ANALYSIS APPROACH
Tao determine the appropriate contract pricing arrangement for szoftware
developments, this staff analysic project cetermines characteristics of the
procurement, acgu:isition, budget, and software development processes that
affect the select:ion of a pricing arrangement. The pricing arrangement seiec-
tion criteria are the FAR contract applications and limitations. This analysis
approach, shown i1n Figqure I, relies heavily on direct cata sources.

ACQUISTITION

CHARACTERISTICS
EUDGET FROCUREMENT PROCESS SELECTION OQF
CHARACTERISTICS = RECUIREMENTS Pl PRICING ARRANGEMENT

SOFTWARE DEVELOFPMENT
CHARACTERISTICS

Fiqure 2. froiezt Analysis Appreoach
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s bources tor the procurement process danalysls are the |naf, I T ,
«1tion Regulation (DAR), @Armed Services frocurement Manuali, Crurse Mater .
_ tor Government Contract Law, and professional journals tnat have studivs &nc
< analyses of the federal procurement system and 1ts application,

A Sources for the acquisition process anarysis are Dol 2irectives, milatary
. standards, A1r Force requlaticons, quidebooks on acguisitions, and professional
Journals that report results from acquisition procese studies and analyses.

) Sources for budget (PPBS and enactment) characteristics are fir {ommann
o and Staff College phase material and profecssional acquisition journals thet
) epor: results of analyses of the budgeting process.

Cources for analysis of the software development process are [oD uira:
*ives, mlitary standards, Air Force regulations, guidebooks on acquisiticns,
and precfecssional journals that report results from studies and analyses of the
software development process,

o Lim:tations

. It 12 possible to rlassify weapon system software i1nto three categories:
o cperational, support, and auxiliary software. Operational software are comput-
S er programs with a direct link to the weapon system. Support software are
g computer programs needed to maintain weapon systems but not directly linked to
oy the system. Auxiliary software are computer programs used to develop, test, or
‘ maintain operational aor support software. This study only considers opera-
Rl ti1onal software development because that software is critical 1in satisfving
A cperational weapon system requirements.

SUMMARY

The 1ncreasing debate within Congress on budget cuts to reduce the defi-
: cit demand that the Government procure its needed systems properly (23:62).
o Sottuare 15 now a critical weapon system cost and performance element. The
: Department of Defense must properly procure this major element and correct the
miematch between software acquisition and contract type. The first step 1in
detarmining the appropriate contract type 1s to consider the Government weapon
system procurement process.
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’

"o oLt NMENT WERPON SYSTEM PROCUREMENT FrUCESS

CLsrn%ent Gwarde  contracts to "acquire necescgary supplies and
serviowT ot re desired qualitv, 1n a timely manner, and at a fair and reason-
aple craice oiSstal ‘he procurement proc=zss :s the same regardiess of the

3 . f sw2ryife: . However, the acquisition process described 1n the
@ of Micegewent ooc padget (OMEY Circular A-189 structures weapon systam

co.elapgme’ 5. lhe bucdget procese affects both procurement and acquisition.

- ‘ni: chapter deirripes these processes and their 1mpacts on contract selection

] 5. tirst discussing tne federal requlatory svstem for procurement. It thnen

Ju apes afquisiticon, fiscal (budget), and research and development (R«D)

. Ze..:€3 .0 the government weapon system procurement process. Finally, 1t summa-
[!! ©.Iv. .cpeiderations for contract pricing arrangements.

~TComplicening trhe immediate objective of quality, timelipess, and a "fair
. - <asondbtle price” requires satisfying restrictions from agency policies

4ri .aw3 Pnacted bv fTongress. Because of these restrictions, Government repre-

entatives are not free to obtain supplies and services in an arbitrary man-

mar. Agencies ot the Government have only a limited, specifically delegated

) autnor ity to contract (14:1). On the other hand, private parties or companies
. me; general.y contract as they please. While the private party 15 concerned
with rules or laws that would prevent a specific contract action, the Govern-

- ™

newtl roprzsentative must determine a legal author:ty which permits a specific
.- contract actoion tidrl-2v,
et Az a resuvlt, Government contract lam is highly specializeg and complex.

cecal authority 1ncludes statutes., executive orders, )judicial decisions, and
roguiatiors. The Federal Acquisition Regulation (FAR) is espec.ially important.

-5 provisions are 1ssued under statutory authority, have the force and eftect
2t .awm, 4n? provide mandatoery contract clauses (18:1). The FAR establishes <
- cingie reguiation for all Executive agencies procuring supplies and services
. witn appropriated funds (funds budgeted by Congress). As a replacement for the

qArmec Servizes Procurement Regulation (ASPR), Defense Acquisition Reguiation

. ’ vLAMY . and NASA procurement regulations, the FAR 15 intended to:

. i. produce a clear, understandabte document that 1mproves unitnrmity
fa: in the acquisition process;

~jx b. reduce the growth of agency acguicition regulations;

- c. implement recent recommendations from Federal ana Congres=iana.
‘-_. COMM15510NS; and

' PREVIOUS PAGE
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federal

d. 1mprove agency.,
and maintaining regulateory constraints

The FAR plasces strict limits on Government contracts. These limite ar
partially due tc inherent differences between Government and private contraczt-

industry, and public participation 1n developing

(18:14).

m

Differences for Government contracting include: public policy abjectives
1

ensuring lega! equality of all private parties
zocial  objectives (minerity-hiring goals),
certensive cost accounting!.
versus private procurements.

{treat everycne the same',

and public oversight of {uncs

Table | shows 3 more detailed comparicson of

Area

1. Status of parties

2. Accountability

3. Contracting process

4, Cbiectives

Federal

government writes
rules or is pre-
eminent party

aversight of tunds
legal proceduresz
pciitical review
public access
detailed procedures

detailed documen-
tation standards

legal restrictions
public use/benefit
agency use only
multigle chiectives

secial goals

legal status of
supplier and buyer
equal

advantage company
size or financial
status

general accounting

standards and
athics

relatively simple
individual company
policies, standards,
and documentation
production needs
comm2rcial needs
arcfit and loss

competitive posture

Tzble |. Federal

anag Private Procurement Compariscne
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P S-. a0d Jerinite terms apolv td bolr ii4:Ty, The bas.c ocontract folb,
i 0 dwArd procescrs 107 the two procurements are alss ziarlar 14
PLdtutEREd Trgces
ooaltreitres, Fuigure T, drom the 197D Jocamicsion on Uo.oernrent oot
s nocel  of the {egeral procuredent pgrocess are siaiiar to thase n onc
corLat- sector tiapI The tecera! procurement process “ot.yvities of  pran-
Ve salicitaticn, se}e:t:on. award, and contract agministraticon wurdh withj
Siater v, and reguiatory limits to satisfy the funded need. These eaciivitie:
are Tuammarized below:
a. ®lanpning - The agency develops an overali cuntracting st
There 13 a review and val:cation or specif:c nesds ang
tives. The agency then starte 1ndividual procurement sct:
neet those needs.
5. selrcatatien - The procuring agency complietes the contract
Jtatement £ Work (S8Qk). The SOW includes tasks, 5che0u§as‘
delivery 1tems, and other performance ang guality regquirements.
This S50W 1s an essential part of an i1nvitation for contractsrs to
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bid tmake an offer! on needed services or supplies. In c=cae
cases, the contracting office releases a dra+t SOW for coament.

C. Seleztior - The procuring agency evaluates ali offers. Trs e.a
uatior criteri1a may bte price, technical capabilities, or & cam-
bination cf price and other factore.

d. dward - The Government accepis an offer and signs a contrac

e, lontrazt adeinrstratien - The contractcr performs the cpezi+icC
ontract tasks, Doth the contractor and the contracting agency
perfsorm contract management.

% bey part cf this procurement process is 10 determine contract strategy.
Tois includes determining pricing arrangement.

Fart of contract strategy 1s selecting & pricing arrangement such asc a2
fived-price or a cost-reimbursement contract. In the fiyed-price arrangement
the <contractor esgrees to deliver a product cor perfaorm a service whi! €
Government agrees toc pay a price egual to the firm price specified 1n th
tract. The contractor s actual costs have no effect on the agreement tc
er nor on the Government s agreement to pay. The contractor’'s ability ¢

8 !0SS Oor make a protit 1s directiy refated toc controlling costs. I+ actuai
costs are lesz than the neqgctiated price, the difference 15 protit. [t actial
costs are more, the difference 1s lass. The contractcr assumes the performance
rists 1n a fired-price contract {15:201-2C245.,

In cust-rerabursesent efforis,the Oovernment agreesz to reimburse the
contractor for all reasonable and allowable costs that are allocasble t- con-
tract performance (15:2C1-2C024, The contractor agrees only te use a best
effart  to complizte the :tortract within cost estimates. The contractcr 1z not
abii1gated tc coantinue performance when the estimate 1s exceeded nor is the
Government cbligated %o reimbursa costs 1n excess of the original estimats
(15:201-2C24Y, 1~ this contract type, the Government ascumes performance rist
zince tre CLovernmsent must pay whatever ccsts are recquired to conplate the

inc
gffort or be satisfied with whatever effort was mada.

The FAF ¢giscusses selecting apprcopriate pricing arrangenents. Fricing
arrangements st:mulate the performance of the contr:actcor doing the wort by
defining severai ways for the contractor to receive pavaent and protit.,  The
cho.ce of a fixec-price cor cost-reimbursement contract citen restc on fertor-
napce risk, The FAR ang the 4rped Services Freocureaent Manuai address -ontralt
tyre. rish, enc grotit relationshipe:

Sovernment ang the coniractor shoul? Se concernes w1t

ng the prec*1t »motive in stimulating performance.

10 oetfectively  harnessing this mative rejulres ressnticl

und gerformance goals and standards,

t type should tie protits tc contras
r

. Lcnt-c: tor
contrall:ing costs and meeting pe-tormance, eirablitty, .de.it.,
and delivery ra23uirements,
4, There are si1tuations where the prcéit active may Le secondar..,
S. The #:ra «ci1xed-price contract e the mnost preferred aethoa 1

lo
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tirm-Fixed-Frice _tfFF) Contract. The fira-f) ad-price contract gro
for & pavyment which is not subject to any adjustment for actuel «costs.
difference between negotiated and actual costs 1s profit or ioss. This ty
contract places ®aximud risk upon the coatractor. The FFP zontract 1s zu:
when reasonabiy detinite design cor performance specif.cations are

ard tre Government can establish price (15:2C2; 17:te.2:.
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price type contract with a provision for adjusting profit. How well the con

- . tractor wmeets performance or delivery requirements increases oOr decreases

O profit, FFIF contracts are appropriate where 1ncentives can improve gcerfar

~ mance levels or delivery. Fixed-price-incentive-fee contracts shoula nat be

used unless the coan tract or has an adequate accounting system. An FFIF <hculc

- rot be used wunles it 15 likelv to be less cost lv trhan other methoos of
cantracting for the same 1tem ([1S:204-20%: 17:16.403).,

i”.- rited-Frice-Incentive-Fee (FFIF' Contract. The FFIF contract 1s a +f1i-.ed-

Lest-flius-Incentive-Fee_ _(CPIF; Contract. The cost-plus-ingent:ve-ice
cat-reimbursement contract with adjustments 1n fee profit:,
The relat:ionshic o4 actual costs to target cost increazes or decreases prof:t.
The CFIF contra iz 3uitable primaritly for development anc test. It shouid ve
used when 1t i3 likelv that a profit adjustment is a positive 1ncenti/e for
atfective management. The CFIF contract 1s appropriate when cdeveloprent s
#1ghly teasible, there are well-defined performance cbjectives, and toe con-
tract 1s administratively practicasl to manage (1S:201S-2C0318: 17:16.404-1.

f‘lhr\
0

QQ%S-E!!%-EL-EQ_EEE-_£EEEEL-EQQ§CéQE_ The CFFF contract 1s a cost-reim-
bursement contract where fee (prof:t! does not vary with actual costs or
performance., Recause fee does not vary, tnere may be only a minimum 1acerti.e
for effective management of cost: The CPFF contract i1s suitable for research
projects or wher the needed level-of-effort 15 unknown. This type of contrac:
normally shouid not be used for Geveinpment of major weapcns where there i1tc a
high orebability that development, gperformance objectives and scredule are

inkel

achiavable (1S;2C21-2024; 17:16.3).

Cost-PluszAward-fes (LFAF) Contract, The CFAF contract 15 a costreim-
bursement contract with special fee (profit' provisions, It provides a prafit
tacentive 1n cases where 1t i1s dafficult to guantitatively wmeasure perfor-
mance. Award criteria vary, dut mav inclugde guality, managem@ent, and schedule
tactors, The LFAF contract is suitable for level-of-etfort contracts where the
certormance ot services 15 clear but determ:ining level of achievement
subjective. [t i3 alss suitable for efforts where 1t 15 difficult to establis
se: 1t should nol te u:e

ryrrrvr

e detinite milestones, here are limitaticns to 1ts 4

.:: tc svoid a CFFF contract, or when p-ocurement 13 for Engineering Development

. gr  Cperational $System Developme-t activities \IS:LCXS oty 173100403, [,
.u. Thzse activitiss are part of tre FAR 3 BAD cycle for a svstem life cy-ie.
o fystem Life Cycle Models
k "
F" The tota! syztem .1fe cycle, Firaure S, 1ncludes system acguisitian,
St crearch and de.e.opment (FARD), and f1scal vear Sudge! f.oies. A wWeapon s.zten
SR irte Iycle. a3z Jdetined in RFR @2-0, "Program Manegeaent, and  AFR 230 T,
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cept, quidance, and policies for major weapon systems acquisition; the second
provides specific tasks and responsibilities (24:41-42). While there 1s now
some ¢lexibility 1in scheduling milestones, each milestone bhas a specific
purpose:

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

b. At Hilestone I, 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
pbjectives, supportability, industrial base, and affordability.
This milestone occurs at the end of the concept exploration
phase. Concept -exploration emphasizes identifying alternatives
and maintaining competition.

€. At Milesteone 11, again following a DSARC review and recommenda-
tion, the Secretary of Defense gives approval to begin or proceed
with full-scale development based an performance definition,
costs, schedules, risks, and supportability. This milestane nor-
mally occurs at the end of the demonstration and validation phase
where there 1s extensive prototype testing. It may occur later in
the system development phase to refine cast, schedule, and per-
formance requirements or estimates.

d. At #ilestone IIl1, 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 (22:4,33; 3:13). A recent study of 16 programs develaoped
under the DSARC process concludes that although effective, the review process
1s 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 ocften do not find their way
into the budget, are appealed during the budget process, or are
reverced 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 f{every Z-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).

f:=cal Cycle

The Planning, FProgramming, and Budgeting System (PPHS) ends in the DobD
budget 1nput for the Congressional budget process. Although the PPES completes
a «ycle each year, "several cycles are 1n progress simultaneoguslv" (31:8},
Because of that, the FPPRS cycle 1s not time-phased exactly as shown 1n Fiqure
9, but 15 a seriec of overlapping cycles. These two 1nterrelated PFERS and
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- B B AT T e e IR R o RIS At i i A6 A
R TYAL UGk o 123 1Epaett cvstes development,
! " : et DSty AGJ LONYress:rcial HudGel ofiailoent
pooLor s gnistaniliny FHBES contribites tu Ccost 1ACredses i a wel
. Uhe rEaD I 1% A tercency  to ensure proaram  fundiag for tre ufloan o
N VeSS at o trng ewpense or lgng-teram weapon srstem impiications ld 1 B
:: [ s Tometines curacsely underztated si1ther nuerzie oor AL T K
PoTan oot oavei) oie funding rather fhan tne tunolinyg reguirel Lo N
Uoo@r BecauwTw (ontractors purpcocsely lowered their cost srtimatec b .
_antract (7% 4Y . A 3 vesult, program costs for later toirar Lelw 7 ronee
-~ Toonifes oy cecovering.  Thie proguces instabilily 1n o progrem cegoireTai. i
L}; snLuies 'his reentgroes [ongress’ view that "eari. Lost,  wohecuics an:
" pectormance estiomatec are concistentiv overly optimistic ang nigrl, uvnrs :
tro e °
' CengTEET Lnablilty Yo 2nact pudget lecrelatinn Guwo ot o *
AT Zai attects program stapilicy.,  fongrese uses a continuing r-Su.u
tiLn Aauthor:ts to tund programe when 1t fails tc enact budget legicsiat:ic .,
cohtannang sesclarion allows the expenditure of funds at the curres’ race
. o d20d, 0 fruoeroaent acticns and puts programs on hold.  Among ine TR
b ar2y daithicuaity an tong-range planning; reduced management tiexic:ilityv: funa-
,._ R aiesitaantyy and unstable program schedules (28:198).  To sorme  d2ur 2v.
: MRS VRE AT S 20T 2Very year,
S: . e, Jbarl 1738-1984 began with a continuing resolutison rarging +Too =
o wgzt o to tL weebs with an average of 18 177 weeks before Congress enacied a
b Qugiet 4, --1. This proolem 16 a recurring one. “Since 1977, thirt,-
P nt.n4ing resglutlans have been enacted into law . . . Sipnce 1975 . . .,
. e v a1l appropriations bills enacted by the beginning of the fisca:
nro, .0 that wvear a contipuing resclution was needed to fung some
STeo R iLprleg)
. R J53D: Cycle
T far _o% uevelcpment cvcie 1n tne svstes model, fF.qure 5. cunc
. v im3artant sctivities for pricing arrangement considerations. Ine
oot oteese activities as an a:d in determining pricing arrangeusent.
"~ o AR Ay afl«
g 1nciudes all  =zzrentific study and evperimentation
- rarts Jirected toward  increasing  knowledge and undersiarging
' trcee tiegids of the physical, engineering., envirpnmentel ans
] ,ote sisn_es retated to long-term national security needsz. it
: rundedmentail bnowledge reguired for the saiution of av' -
., siulens,
- oosderarosy Pevelnpeent - ancludes all  ettorte directog towedd
: tra wolatlon gt ospecttlc military problems, short of majyor devciog-
: et przjecte, It anvolves conly mingr gevelopawnt effort.  Thc
gumiant  characteristic of thic category 15 evaluating proposec
N cotoans to specitic military problems  tor feasiDiiLty.
‘.- YHoancel development includeszs ail effarts f2¢ oroyezts  opon
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3 e fE.2lIpINRG prc ctvpe hardware for test. The prige resdit ¢f
thiz  type 04 effort 15 procf cof a dezign concept rather  <h=n
harcdware deveicpaent.

d. Engineering Dlevelopsert - includes any projects 1o fui' - 2
engineering develcpaent. There i1s no approval for systeas o~
ti1cn yet.

e. dperational Sy:ztem Develvcoment - includes those project ERI

tn full-scale engineering development tut with approval for pri-
ductien t1é&:4-121; 17:16.184).

-8

(W]

There are toth general and specific pricing arrangesent gquidelines ¢
those R&D activitres. General guidel:nez 1nclude:

a. A contract other than FFF should be used when: contracting +fov
research ang development; when price :ompetlt:on 1s not precent:
when <cost or gricing data available does noi permit sufficrenti,

reai!stxc estimates ¢f probable cost cf performance: or uncer-
tainties cannot be evaluated.

b. It ics possible for different parts oaf a project tc fit =zeve
different categories. The contract must be cselected teo fit
wark required not the program classification (17: Fart la).

There are aiso specific gquicelines, Table 2, that describe characterics-
ics of the R&D phases and the appropriate contract types for each phase. As
hown, there 1s more than one appropriate contract for any general R&D activi-

ty. Specific projects may have other consideraticons for a final contract
selection. Table 2 agroups tegether RYD categor:ies with similar characferis-
-

The FResearch and Evploratory Development categories have similar charac-
teristics. An iaportant one iz a laeck of definitive requirements., As a recult,
several cost-reimbursement contracts are appropriate. The selection depends cn

cther factors including risk. Simsilarlv, the Engineering Develapment catzgory
shares sugth common characteristics 33 erngineering design and prototypes 1th
tne {Operational! OSystea Development categoryv. In this case, the deqree of
prolect definition {requirements! and risk are among factorz to consiger.

fhere are {few restrictions 1n the ddvanced levelopment categery. Because
th1s ohase ogften has wmany major changes as & result of svetems analyzies and
caost studies, the contract 1s usually & CFFF. In cases where 1t 15 pozsitle to
detine measurabla cost, schedule, or perfocrmance criteri1a, 1acentives are
poszs:ible.

Suamary

The wespon svstem procurement process includes procurement, acguisitian
and bdudget prooesses. The procurament process defines how to contrsct ang when
Yo use tertain pricing arrangements,  In general, when rist as miniee!l, o it
raetractl o 1e opproepriate. As uncertainties 1nerease, Licwe.er, Cost-oreimbur e
me- L contragte are apprupriate. fic an a1¢ in that :zelectian, the FAw det ies

90 categories that are cimilar to acogulsition process activities. The acqur-
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s1tion process formalizes weapon system development. Congress not orly affe:
these processes curing the budget process as it reviews programs, but aiso
1ts inability to pass a budget at the start of a {fiscal vear. The f{cl

characteristics result from the interrelaticnship of all these activities:

i
i
1

2

[@]
¥
o
]
0

a. while the DSARC review process is effective in formally reviewing
programs, 1t is inefficient--continued review, micromanagemsnt,
and resulting program instability; and

b. budget and fiscal cycles add to program instabilitv--unrealist:c
program costs, lack of a budget at the start of the fisce! vyear,
and Congressional program direction in budget bills,

These general factars for weapon system development are considerations

when selecting pricing arrangements. The next step 135 to specifically cers:ider
software developrent for cther factors affecting pricing arrangement.

e
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SOFTWARE DEVELOFMENT

ur. =0l the mismanCh between sottware acquisition and  Ccontratte re-
JUir e s feta.ied ook ot software development. This chapte: highliantz ~1s-
cet oo Loets and pooblems with software and describes tne curreat eaivyaro
cevi:iozwent amediel. It then describes changes tn that model as a reactian  to

[}
g

surte o ooronless. Finslliy, 1t summarizes software development cheracier:ier.
CTYNG Dr1oing c'\rr'angement.

o
n

_____ TWARE COSTS AND FROELENS
so+tware development 1s a major weapon cystem cost. There are estimates
rhat h-7d% ot the acquisition costs of major Alr Force weapon systase sre for
“otieare development (3@:19). Additionally., the DoD software 1nvestaent will
arae f0 f24 hillron 3n 1984 (9:18; 13:48). Wnhile these costs often resuit f-om
“ipancing software applications, high softtware costs are alsc due to develop-
tare. Jie tollowing are major examples:

a. tne labor-intencive aspect of software development often requir-
tng highly sk1iled and creative programmers:

b, oatensive coftware testing during development:

. thanges ir a pnrogram’s design anc code as errors are found and
then correcteds and

d. vague or changing reguirements,

Ancinss r2au306r 15 the cost to maintain software. "The cost ot maravalnine
- it-ymare  ts 2stimates to account for about 75 percent ot softwdre coste”
F*, LA fhe atove reascns for high scftware development cost also apply fc the

maintaining scftware, While hardware 1s ma:ntained by replacing
cel parts with new ones, 1t 15 not possible to maintain software oy

Lol ' .
3 Y
el -
=
-

Al I
i
-+
27}
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& replelrrg 1T owmith o an 1dentical copy of the original program. Sattware maln-
::4 sirencI peens redesign requlring the same tools, technigues. and skianle as
- vevelcpment (11:245,, That redesign 1s often to correct software so "much o+
N ttis  puoense Ufor zottware maintenancel 1c attributable to time spent f1vang
r. o Sotiware that was not correctly developed in the first place” (6:23-.

= & need to o f1w zoftware 15 one problem with software develcpacnus.
tf Otrners are overruns, late detiveries, and system farlure., These Stten ocon, o
il- tne care time., Lost overruns of "four times the original ectimates . . . wifif
< Fai+  wne ptanned capability are not uncommon” (30:5), QOverrune often ncour
b Sefanir of an anastlity to eccurately estimate costs.
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Models for estimating software costs are "poor ang there 1s little caorre-
tation fros one model to another™ (13:867). Particularly critical for weapon
system software acquicition 15 that models “do not produce good estimates 2 to
> years in advance, at the time the initial budgeting estimates are made 10
the Frogram Ubjective Memorandus~ {I@:5). #With the oifficulty in estimating
casts, the resulting cost, schedule, and performance probtlems are not surpric-
1ng., Another reason given for those problems 15 failure to follow an ace-
ately structured and properly managed development process (Z1:1; 13:63).

To follow a structured and properly managed saoftware development process
requlres reccgnizing both the role and nature of software. The software ropole
changes during weapon system development. In early phases of weapon systenm
development, software supports hardware engineering ascdels and prototype
tests. As the system development progrecsses, software supports test tocl ang
sinulation development while continuing to support hardware development. Fi-
ratly, scftware 15 a distinct protuct 1n the weapan system. With all these
roles, a properly structured and managed development must plan to both develop
software and suppcort other activities. Software can readily support otner
activxties‘because of its nature.

Software programs are easy to modify while software development 15 itera-
tive. Software madifications can quickly change systes functions for hardware
tests, new requirements, or desiqn corrections (13:69!. (Appendix A Qgilves
examples of modifying software tc i1sprove system functions,) This creates the
incorrect 1impression that since it 1s easy to mcoify cscftware, modit.ing
software is easy.

Modifying software is not easy because 1t means reédesigning the progranm.
requires analvsis, coding, and testing--the same tasks needed to develaop
ware, In fact, "“current practices for mcdifying delivered software systems
uently result 1n excess ctosts, failure to realize performance potential
] systems out of action for unreasonable lenaths of time™ ({3:46%9)., Th:
s yet another mocdification. De?elop:nq software that works properly, then,
iterative-process. : ’

[F ]

. .

Socttware develcpment 15 i1terative because of changes "to make the system
meet the criginal requirements” (13:69). Changes often correct errorsz which
tall into one of three categories: requirements, design. or cocde (these are
also three cscéftware development phases) (5:74). Kegardless of the system,
softlware, ar testing program, errors are detected during each phase ot soft-
#3re devplopment " . . . from every major category. And more 1apcortant]v,
each phase caught errorce which should have beern detected earlier” (2:79:. Thie
maans that dyring the deszign phase there are errors in-bath design asnd re-
cairements;  and  during the test phase, there are errors 1n reguirements,
design, and «code,  But oftware development process madels have naot  chown

s

[ 3
coftaare modifications or software 3 sterat:ve nature.
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raguirements to each :tem;

b. Freliminary Design Reviews (PDR) are to evaluate btasic software
desi1gn for completeness, adequacy, and compatibility with sgft-
ware and system requirements;

¢. {ritical Design Reviews (CDR) are to evaluate deta:iec des:gr
pricr to scoftware coding;

4. functional Confiquration Audits (FLA) are to verify software ger-
tcrmance against requirements: and

2. Physical C(Configquration Audits (FPCA) are to examine the coded

Ff{~ nrogram against 1ts documentation prior te Government acceptance
= 129:Ch 4,
THE CHANGING SOFTWARE MODEL

F In reailty, sottware phases are not distinct or ceguential steps. Re-
= quirements analysi1s does not stop at a distinct point, nor does preliminary
: Jesign watt until all requirements are defined. Instead, all phases blend
{ together tnroughout software development as 1n Figure 7. Each phase also

e receats as cofiware matures. “Several software development life cyclecs . . .
"', DLyt during one <cvstem develooment life cycle” (25:5). These <software

i:te cycles are =pttware agoiticatians i1n response to rnew requirements, more
atricient desiQr, or test results.

NECUIREMEN'S ANAL YS (T

CRUCTMINARY DESION L.,

CETATLED DESIOGN ..,

' CODE/CHEC: QuUT ...

_INTEGRATION/QUALIFICATION ...

! FUNCTIONAL ACCEFTANCE ...

| - llla..

rryure 7. s=cftware Lite (scle Activ:ities
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Jiner soiiware tovelopnent models explolt coftwore 300101007020

madEe. s recggnize that esch prete of sottware ceverpmen( Will Luplines s iz

Figu e 7 to correct eronre. Those changes ®dv @mcdity requiremerts, .. 0, -

code stnce "error (ateauries appeared to be distributed in time (st

phascl” (2:73). Ta (ontrol those changes, other process aodes- Loge LT

recedt phases, gefine coftware “"buiids”, and add reviews.

o insge moaels, cequiroments analysis, lesiga, code, and ¢ . Ca

> .n digure2 8. decause software modlflcotxuh 1§ 4 redesiqn, 10 000080 o,

deveicoment activities. As an example, Figure B8 shows tha foom tig c2n2 ang

chisctout phase 1t g possible to repeat erther requiresents  aodl s, . N

cantinse wr getaited :esxgn and continue. Similariy, at any «oti..i.. -

pocsidie ‘o repeat any earlier activity. The repetitica of dev=lopment act. .o

tigz and rhanging requirements sre factars that led to scaftware “ou..o: B

way tI cuntral software changes.
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In the “build" approach, socftware development occurs in stages. Early
builde of the software have basic program structure and a subset of require-
ments. Incremental development, Figqure 9, allows progressively refined builds
that add to or expand 1nitial capabilities. Changes can be incorporated 1n the
next version cor delivery. Figure 9 shows an offset in activities to indicate
that build modules are time-phased and activities overlap. Factors that in-
+luence the choice of requireaents for the first buila are hardware develop-
ment, test-bed reguirements, and interface definition. In specifically defin-
.ng each version, burilds help to manage unstructured and uncontrolled changes.

J
s BUILD DEVELOFMENT ACTIVITY MODULE
S 1 REQUIRE- | PRELIMINARY| DETAILED | CODE AND | QUALIFICATION A
’|!_ MENTS DESIGN DESIGN CHECKOUT TEST
tf s 2 REQUIRE- | PRELIMINARY|DETAILED | CODE AND | QUALIFICATION A
G MENTS DESIGN DESIGN CHECKOUT TEST
3 REQUIRE- | PRELIMINARY |[DETAILED| CODE AND | QUALIFICATION C
MENTS DESIGN DESIGN CHECKOUT TEST
b Full System
5?5' n RERUIRE- | PRELIMINARY|DETAILED | CODE AND |QUALIFICATION
e MENTS DESIGN DESIGN CHECKQOUT TEET
Ei;f Figure 9., Software [Pevelopment “Build" Approach
-
®
; There are several ways ta dafine the capabilities of each build,
:' Juidelinee for defining distinct builds include:

a. ensure the build 1s functionally logical with operations:
b. mavimize the uniqueness of added capabilities in each build: and

\ c. airnimize the amount of mocdification required of previous builds
- for the new 1ncrement (7:271-277).
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an  1terative develcpment process. These modeis are often software “puilds”

that control changes 1n requirements, design, and cocde. key characteristics,

then, when selecting a pricing arrangement for software development are:
a. cnanging requirements;
b. poor cost estimation; and
¢. arn 1terative develcpment prcocess.

These factcrs 1ndicate that software development 15 a high risk effor:

regardless of the system acquisition phase. The final step to correct the mis-
match Dpetween scftware acguisition and contracts i1s to relate these software
characteristics and the Governaent procurement process factors from Chapter
TWwo Yo the FAR pr:icing arrangement guidelines.
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cprent modeis, these designs are prototypes.

Prototypesz are complete designs to test program requirements ang cpera-
1

ticna tapabilities. A next build or prototype versicn improves des:qn ans
code for better efficiency or use. These 1nterim versions are nat the inal
procuct but a means to arrive at the final design and program. Thic 1z constie
tent with activities in the FAR's Engineering Develcpment phase.

Factors tn selecting a contract type for Engineering Development efforte,
Table 2, include deqree of project definition, accuracy of cost estimates, anc
deg-ee of Government control and direction. These factors determine the apporo-
priate contract type f{pricing arrangement!.

) Froject Definition
h- Weapon <system program stability and software development characteristics
. are key 1nqredients for project definition. The ctonclusions in Chapter Two
L= indicate that weapon systems sufter from program instability f(a specific

example of program instability 15 in Appendix B). Even if that was not the
case, software development problems 1nclude "original requirements thst are
itncomplete” (5:73'. The 1terative nature of software development inciudes
changes 10 reguirements. This is additional evidence that software project
defimition s poor. (Appendix T shows an example of reported errcrs in re-
guirements thraughout development!. Sofiwsre’'s poor projsect definmition affects
cost estimate accuracy (22:20.

There are a number of reasons why 3t is difficult to estimate scftware
costs. With pregram instability and 1ll-defined or vaque reguirements, ‘“the
resulting cost estimate . . . will be 1mprecise and undependable® (32:2). Even
with firm reguirements, ‘“current software cost estimation (SCE) modeis dc not
produce good results® (38:5). SCE models require estimates of the software
program size (I@:5), But size estimates are :inaccurate (28:5). Even SCE mocelcs
with facters for program size, complexity, hardware, personnel, and schedule
give ditferent estimates fcor the same project (34:--). The size of the croagrae
charges during development as medifications occur.

Modificaticons during development to f1v "software that was not rcorrectl
ceveloped 1n thke first place” alsc affect cost estimates {(5:2@). These modiii-
cations oocur from revies, analysis, and test, The abilitv to precdict the

imber of errzres gr changes sduring development 1s limited. “All error preocic
Lvaon models suffer from the inabdility to p-edict to the accuracy [des.rszdl”
“4:104:., BRecause of that, software development has zost risks.
Fry o
The Fabk diccusses rish 1n terms ot cost and pertormance. Cost rise~ ars

grimarsly  adeguacy 04 Loevernment and contractocr cost  estimates- realicstin
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Lost-Plus-Fixed-Fee (CPFF! Lontract

CPFF contracts are csuitable for research or when level-cf-ettort c
unknown. As discussed above and earlier in Chapter Three, software ccs

mation modele are 1naccurate. Changing reguirements and modificztion:z ¢

Jut development make software level-of-effort unbknown. Thig contract t.pe ma.
be appropriate “or software developments,

tost-Flus-Award-Fee (LFAF) Lontract

CPAF contracte are suiteble where determining the level ot achievement 13
cubjective ar where 1t 1s difficult to establish defimite milestones. #hen
d:fferent software decigns satisty reguiremente, their evaluation is subiec-
tive. Meeting the requiremente 15 difficult. Especially difficult 1s =2ctan-
lizhing and meeting definite milecstones., CFAF contracte, then, may 2icc ope
sppropriate for a weapon csystem software development.

SUMMARY

Weapon sycstem software development has a lack of Hfirm requirements,
irnadegquate cost estimates, and extensive Government control and directian.
These are also pricing arrangement characteristice for a cost-reighursement
contract. The characteristics i1ndicate that software development 1s high racst
dJuring any system acquisition phace. High risk developmerts normally require &
cost-reimbursement contract as shown earlier 1n Fiqure 4. Reviewing the three
major cost contracts to ancswer the guestion what contract pricing arréangement,
ss described 1n the Federal Acquisiticn Regulatiorn (FAR, 15 appropriate for
the development ot operaticnal software during weapon system acguisition gives
this answer: a cust-rermburzement coptract--erther cost-glus-fryed-tee ((CPFF
vor  cost-plyi-award-tee ((FAF). The important part ot this conclus:ion 18 that
sottware development requires a cost-reimbursement contract., A selection be-
ween a CFFF or CFAF reguires additional specitlc acquisition considerations,
The individuai software program, type pf functions, previous experience,
caomputer <system, and other areas would help chocse between a LFFF  or  (FFF
cantract.,
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MINUTEMAN SOFTWARE ERKOR ANALYSIE

kotn a developing contractor and a second. 1rQependaz; Y Conlt ot O R
Minuteman sottware programs. This approach 13 very zaco: Tt lTund
systems that work praperiv. Tnroughout tne ¢ selapmoent tn. TWD DN S
Tifd errors in requirements, o< gn., and code. Tnese err foANDmelies AT
r2zplved with no chancge . Jererred changes OrF &4 TNafige 1L tod Sotthkers, =
F owa g s4mmary 13 trom o anomelies reportea by oan 1ngdEpendent cantragior:

a. 574 anomalies on two prolects, each with threo zoytware programe,
were reported;

B. 171 of the anomalies were reported agsinst veguirementes: 098
against design/code;

¢. kKequirements anomalies were vreported Gtoth ‘lhetore  ang  airer
coding; and

d. Design and code anomalies were reported during the coding chace

sli--). '

ihese examplec 1ndicate that even in highly discig!ined, well-detined
crograme, anomalies (errcrcs) always occur.
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