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SCr&cT
iir Force Regulation S00-14 dictates that
computer programs will be plafined, analyzed,
designed, coded, checked, imtegrated, tested,
and delivered i sccordsnce wiech & Compucer
Progran Developsent Flan (CFDP). The CPFDT 18
4 BapAgeasnt plan. This paper discusdes the
elenents oecesRafy 00 such & plam in cerms of
the classical management functions of definlcicn
of objectives, setting of goals, analysin and
hraakdown of work cosks, establisheene of
schedules, definition and eatablishment of
organlzacional structures, allocationm of Fe=
sourcer . establishing standards, maintenance of
eorivacion, accomplishiag the work, and provision
of managesent contrels. The sectglon of the
paper relaring o management cencrels speclfil-
cally discusfes sratus derernimarion, manngement
sctions, documentation control, configuratiom
contral and qualicy aasurance.

I. Introducticn

Department of Defense policy (DODD SOD0.29)
states thar computer resouréss (hardwars ond soft=
witfe)] emhedded In maéjor Wwedpon ayetsns shall Be
nanaged as important subayatems and shall be
treated as conflguration ltems. Alr Force pallcy
{AFR BO0-14) diceates cthar computger program config-
uration ftema (CPCIg) and the necessary supporh
respurces shall be plapned, asalyzed, designed
coded, checked, integrated, tested, and deliversd
scoording to a Computer Frogran Development FPlan
(CPDPY . The fatent of this paper {8 to deactibe
the nature of a CPOF and the elements which ic
should iscluds. The cobcepts afe the sulhor's

paEsomAl views and are mob intended co defins
offlcial Alr Force policy.

The CPFDF may be wricten and maiptalned by an
Mr Force developeent agemcy; or, if preparved by
4 ContrRctor, ghould be used subject to the review
and approval of the procuring agency. The CPOP
Bust be compatible with the Computer Besourcs
lategrated Support Plan (CRISP) maintained for the
prdject by the Al Force. A realistde Compucear
Frogram Development Plan can be praparad omnly
after adequare trade scwdies, 1ife cycle studies,
rloak apalysfs, system defindticn and, where
neceRsary, hatdware and acfowsre prototyplog have
been complefed. This will permit some degres of
stability in the definitlons of hardware and soft-
wara cenfiguration [tems, thelf interfacea, and
estimates of required budgets and margins for
BEEOTY, eéxécutlon time, interfaciag and
comunications.
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Thae CPOF should be o livipg docusent which Las
the basis for the sanagesent of the computer pro-
gram devalopment effort, The CFOF akould address
apd simmarize in & single document all of the
nemagement iesues, Vhers coarroiect bessuse of
sime limitatiomns, details may be incorporated by
reference; but the Teferences must be gpecific
gnough to Indicage precisely the elemepts of che
plan., Where a CPIN' cacnot be prepared a8 partk of
& contractor"s proposal Becaves the syatem defini-
tion has not progressed to the point of providing
a sound basis for the plam, the confrackor
approach to computer progrom development should
be documented and the CPIFP prepared st Acme lacar
time basped on that approach and om the system
definition.

I1. FProject Sgatus

The CPOP should be based on previous cechnical
work &8 wall a8 en the prolect requirements. The
preject stacus sectlon of che CPOP aimmarlzeas the
definttions of hardware and software conflgor-
atlom ftems,; thelr interfaces, the current func-
tional allosarien, and the required margine and
budfets for memory, execution Cime, interfacing
and comemnlcaticons. A sumnary of high risk ond
hifgh uncertalnty lssues (cechnical, cosr, or
schedule) relating to computer rescutces musi be
presented. Approaches to Blnleize or cvercome the
risk amd uncertalnty shoold be detailed and hack-
up alternatives cited where possible. Where the
riak fpvolwss long lead items, thess mest be snu-—
pefdted and thelr states must be indicaced., Trade
and aptimlzation studies yer to be condusted
shoold be lisced along with the coEputer Fesources
which may be Llofluenced by che stwdies. If the
pocentlial for major change ia sigpificant, further
regalucion of requiremencs I8 neciéssary before &
project ahauld Function under a CPFLP an defiped 1im
this paper.

A gensral functlonal [lew dldgrem also should
be pressnted. The relptlopship hecween mission
ohfectives apd computer resource requirements musi
be demgnstraced. These relatioms, whers possible,
=hall persilt the evaloation of the effects of par-

ginal changes lu compater resource parformance on
mission parformance

The CFOF must define the objectives and goals
associated with the compuier propras development.
The chjectlives should be qualitacive ln néture,
whereas the joals should be seasurable and lesd
Lo fulfilling the objectives. For edch CPCT, 1ite
plapned allecation of fencrion and fca incerfaces
#usl be discussed. Budget goals for timing,
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memory, interfacs, snd chamnel capacity shall be
establighed. Margin for growth in chese capa-
clties both during developaent and future opera-
tion must be cited. The relative imporetamcs of
such sof oware characteriszics as correctness,
maintainabilicy, cestability, efficlency, porta=-
bilicy, interoperability, etc., must be defimed;
goals in relation to these qualicies must be
cleed,

I1I. Work Definition

The CFDF must defime the work tasks required
te schisve the objectives of the cooputer program
development effort. The Work Breskdown Structure
(WB5) should be compatible with the steéps of anal-
yuls, denign, coding, checkowt, integratiom, test,
acceptance and delivery for esach CPCI apd for
each computer rescurce in support of software
engineering tesks. Tasks assoclated with support
functions (such as docusentacion, configuration
mandgement, data management, management reviews,
&te,) mst be incleded. The WBS should also
address integration and test of CPCIs with mapa-
rate test beds and within system tests including
operational test whers applicabla. Tha numbar of
levels of depth of the WBS should be sufficient
to represent all developmental steps for all
slgnificant Computer Program Compoments (CPCa) in
each CPCTI and to accommodate all significant
elements of the requiced support computer te-
sources. If for some resson iltems are reguired
for development which are not apparent in the WBS
or not deliverabtle to the Adlr Force, these itess
met be enumerated, discussed and scheduled in
the CFDF. As the work progresses, an updating
of the WBS based om 1its accurac/ of representatlen
of the effore may be required.

1V. _Vork Schedule

A sehedule or work tasks should be provided
for each system CPCI and support CI or CPCI indi-
cating che times of initiation, istermediate de—
velopment steps, and completion. Specific,
messurahle milestonss must be shown oen the
achedule. Awvallability of draft and final, formal
and informal, documentation is alse & scheduls
ftem, The standard military reviews and audits
an well o8 che additional reviewas and audics
plaomed by the contractor should also be scheduled.
Both symmary schedules apd detailed schedules are
isporeant. Whers the system is to be delivered
in increments (phases), the schedule for each
phase should be shown and the relationahips be-
tween phases described.

V. hActivity Network

in activiey network of computer program de-
welopment efforte, compatible with the Work Sched-
ule, should be prepared. Generally, where che
development 1a affected by the perfornance of
other agencies, contfactors, subcontractors, o
internal contractor organizacions, the accivicy
network 18 effective in idencifying the cricical
events and interactioms, Interfaces with other
system developaents which can impact the software
development 8¢ lule must be indicated on the
activicy necwork. CPDP activities on the critical
or near-critical paths must be identified. Spe-
clal attention in the CPOF should be given to the

adequacy of milestones and other measures of pro-
gress assoclated with these crivical activities.
Furthetnore, to the extent possible those tasks
and activity paths that might be most stromgly
influwenced by changes in program requirements
should be highlighted.

VI. Or 1o

The CFDF should describe the organizational
atructure desigoed to address the work tasks and
maintaln development om schedule. (wsporeant are
expliclt statements of responsibilicy acd authrr-
ity for each orgenizational element. Where
authority 18 not commensurate with ‘esponsibilicy
of where potential organizatiomal comfiiers of
interest exist, the reasops for suck must be
stated and methods of assurance of proper task
completion should be deseribed.

Particular emphasis should be given to organ-
lzational imcerfaces and 1l'res and mechods of com-
munication. The: CPDF must defipe the relationships
among Tequiremenis senevatlonm groupa, computer re-
source developoent growps (inclueding hardware
development groups), test groups, independentc re
redundant wverification and validation groups,
documentation and library groups, configurariom
aanagement groups, qualicy sssurance groupn, other
coptractors, sub-contractars, the procuring agescy.
the support agency and the user agemcy. [(ha crgan~
izational atrocture should not seriously impede
the flow of Informarion to and from che warious
participating elements; however. special organi-
rational gtructures to stabilize and evaluate
fequirements modifications Abould be considersd,

Skill requirements in each organizatiomal en-
tity should be atated and pursons seeting the
réqulrements must be plamned for those entities.
Eey skilled managers and employees should be iden-
tified. Their movement from ome organizational
alement o another over the coursd of the develop-
ment project must be plammed. A plan for inocem-
tives, morale, and morivation te the tisely at=
taimment of goals is important. The tralning of
employeas inltially and oew to che project dus o
turnmover should be estinmared and planmed. How
such training will Fit within the organization
structure should be sddressed.

VIL. Besource Allocation

An allpcation of manpower, skills, computer
time, facilivies, laboratories, test equipmast,
and other important rescurces aust be made against
the scheduled WBS elemgnrs. These allocatioms
should be presented as & fumetien of schedule cime.
Rapld incresses or decreases in rescurce levels
must be explained and justified. Availabdlity af
thess Tesources muat be discussed amd plasned.

Beallocation plans of altéfnative plans are
important as they may be implesented durisg the
project due to adverse outcomes of high risk de-
welopment items, The sase with which saspower can
be added to or deleted from the development effort
and the ergasizatiopsl respomsibilities for meetiog
the rescurce requirements should be ldentifled.

When special security clearances are Tequired,
the CPOF should show in detail the plan (iscluding
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time delays to establish clearasces and sccounting
for rurnower) for sseting mappower and facilicy
requiremsents .

General purpose computer time required Eor
rrade studles, analysia, denign atudies, simula=
tion studies, data geperatiom, preof of comcepr,
werificarion, validatien, certificacion, documen-
tation, sanagement control or othetr uses should be
satigaced. The avallabiliey and management of
these Tesources sust be o<ldressed. When thess
pesources are margimel, alrernative plans maet be
nrgssatod io the CFOF.

Special purpose hardware and software re-
mogrees ahould be discussed and scheduled in the
CPOP. This must inclede govermment furndshed
itema. Cost drivers and schedul 1mpacts asso-
clated with thess itess musi be cxplaioed and
acccmmodated in the plan.

The approach to impesing the abowe require-
merts on subcontiractors must be described .

WILL i ri -] ards

The CPDOP should idencify engineering practices,
standards, comventions, procedores, and rulea for
compuCer program requirements defindcionm, designm,
BETucbure dll‘pl.lj. logic, lI'I.FIll:nrlilul:FﬂE. data base,
higher order language use, coding, checkout,
documentatlion, dats managesent, configuration
masAgement, teating techmlques, quality assurance,
maincenance, trainiog, ete. Standards must pro-
wide for computer program flexibhility, modularicw,
e Eﬂr!ﬂ“lﬂlﬁ-llil‘.}. and =ase af -1nt:nlur.-&.f
modification. Standerds should also provide Eor
comvent lons, Festrictions, and rules that insure
to the extent praceical design and developsent
visfbility. Program source code itself must pro-
vide vimibdlicy by imcorporacting commsntcs,
formacting, rlear smesonice, and ather coding
comventfons. Where mecurity im required in pro-—
cegalng Jdage, the atandards ahould he clearly
dafined .

jrandards should be applicable to all computer
progran configuration items and suppotrting Te=
moyrced &nd should require to the Daximmm extent
praccical {1} a cop down approach co deslzn, (2}
modularization of the programs by specific defip-
able founctioms, (3) cescabiliey of each module,
routing or sshroutine, (4) simplicicy of computer
program incerfaces, and {5) puldelines for inte-
gration spd test.,

The CFOF should indicate the mechanism by
which the standards will be comsunicated to and
imposed on the software development effore.

IXE. Deal 1va

Thie (POF @ust present the schedulsd msnsgemsent
plan for all computer program developsent
includiog the steps of analysis, design, coding,
checkour, integration and test, snd fecludieg all
computer fescurces im support of these steps.
Managemant of data #nd documentation required in
computer resource development also muest be delin=-
eited. The data sanagemsnt mcrivicy should be

cempatible with the CRISF and must be maintained
through the turnover of the system to the opera-
tional and maintenance agencles.

The CPDP must defipe design anmalysis taaks
including the completion of Tequired trade and
cptimigation aruwdies regardimg computer resources.
Computer rescurce design approaches should be
analyzed, documented apd provided for review. The
ohjective of these onalyses 18 to validste and Te-
fime the cholce of coaputer Cesource altersatives,
furcher defina CFCIn apd thelr interfaces, and
peovide & more pubstantial basis For sofcware
decalled design. Hathemapical modelipg, emula—
tlon, sod simulation tools should be consldersd
im this phase, apd the CPDP showld sddress the
validity of these tools dmd thelr uwellity io sub=
sequant phases of development, test, and, where
required, operations ond maintensnce.

Updated eatimaces of memory, timdng, interface,
and chanmel capaci=y requirements aloag with
margine for developmental growth snd future Te=
quirements growech must be made. Frogrem langusges
must ba selected. The Impact of subsequent hard-
ware modificatlion on software developeent mast be
edtimnted. High risk developmental itemd mast be
resoived and the Work Schedule or the Actiwicy
Betwork must be opdated.

The results of design analymis effortes om
compuler vedcurces should be refleceed ia revimed
FPart 1| Specificacions and approved at the Prelis-
inary Demlgn Rewiew. The Inltisl eatimates of
dacumentation and daca bases necessary to support
conputer Fescufces should be delivered for imclu-
glon in the CRISF. The preliminery teat concapta
should be decumented For review.

K. Design, Coding, and Checkout

The CPDP must provide For the design of all
CPCIe in terms of theilr funcrions, incernal and
enternal Loterfaces, me@ory alloscations, ewecution
time allocations, chansel requiresent allocarioms,
operating saquences, data base requirements and
téat requirements. Design should be based on
clear scatesents of Function tracesble to systes
tequirements. Thess requiresents should Lnclude
teatability, relisbility, integricy, flexibiliey,
maintalnabllity, intercperabilicy, growth poten-—
tial, and tramsferability. The CFDP skould imdl=
cate the felstive significance of each of chese
requirements so that apprepriate deslgn eaphasls
is glven to each. The design should be " top down"
vhers ponaible. Exceprlons must be justified.
Measureas of desipgn progreas showld he sscablished
for ghe warious phases of the design. The CPDP
should describe the sechanlss of control both of
the dealgn and of the major design tocls.

The uie of specific design toolm ssd comcepra
derived from ansiysis should be cutlimed. Design
tools such a8 simulagions, mathematical models,
apd gmalationa should, to the extent practical, be
validated before wse. Comsiderstion should be
glwven to uwslng these tools durimg the integraticm
#od cest phases of the development as well as
during design.



Testing requiremsnts must be refined and re-
flecesd in the design. CFC and CPCL ioterfaces
must be designed to accommodate testing require=
ments. Furthermore, the CFDF should define the
hardware requirements which sccommodate computer
program testability.

As part of the design effort, estimates of
documentarion requirements necessary for supperting
developed computer programs are to be updated and
provided co the procuring agency. Information re-
quired includes the identification of computer
programs rtequired to support system computer hard-
wire and sofcware, including diagnoatic software
for all computer rescurces, computer equipment and
dévices to facilitate software changes, docomen-
tation required to suppoTt eEch type of coOmpuUCeT
program and necessary procedures for reviewing and
publidhing changes, personnel resources required
for supporting computer equipBent and programs inm
the toral system, and predicted level of computer
program changes.

Heasures to assure siabilicy of the desigm
procass should be stusesated in the CPDF. Alss,
the CPFDF should define the relation between the
denign effort and the onfiguration management
plan an well as any independent design ossessment
afforcs. The CPDF muat provida for vevieswa 1o~
cluding the Preliminary Design Review, the Criti-
cal Design Review, and internsl reviews for each
CPCI.

Tha CPDP should detail the procedures, steps,
docmmentation, and mdlestones asscclated with
codipg checkout, and review of the modules com-
prising CPCa for each CPCI. Criteria and the
sechanism for acceptance of modules for integra-
tlonm and test must be sstahlished including the
roles of Configuration Management and Qualivy
hssurance. Among the criteria must be adherence
te software engineering standards, appropriate
interprecacion of function, properly defined im-
puts and owtputs, adherence to timing, chaasel,
memory and interfece budgsts, adeguate attemtion
o testing requirementcs, realistic checkout data,
appropriate checkout cests, adequate interprata-
tion of check results, and adequate documentation
of program aod checkout results., Flanned static
and dypamic sofrware test tools must be deacribed
in the CFDP.

Where parameters are not availlable from the
dats manageoent activitdes, the mechaniss for ob=
taining these parameters and for informing the
data mapagemsnt activicy must be described.

L. I Akl t

Alehough tep down deslgn is required to the
extent practical, in some cases coding, integra-
tion and test may best be iIsmplesented in some
fashion other than top down. The philosophy of
integration and test Lmplementation and the
reasons for it must be given in the CPDF.

The CPDF should deseribe the contractor's com=
puter resource informal integration amd test plans
and procedures and how they lead to formal test
asd acoeptasnce. The CFDP should assure that
testing requirements are addressed sufficlencly
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early in cthe Enlw-ut process §o that teating
is reflected trade studies amnd compurer re-
source designs. Long Vead or high risk test fgems
must be Identified and plamned to avodd schedaols
impact.

The CFDF must provide for definition of testing
requirements which are traceable to systes
misslion requirements. Teat plans and test case
defipitions will reflect these requirements. The
relationship between the test program and system
reliability should be addressed. The CPDP sust
plan the testing of the CPCs and their integrariom
into CPCIS. The Plin most ferther provide for
CPEI tests to demcascrate compatibilicy with hard-
wara, isplemsntation of appropriste functions,
sariafaction of memory, tising, Ioterface and

channel budgets, teliability, and sverall perfor-
MADCE .

X1I. _A tance

The CFDP should provide the coordimation amd
support of computer program testinmg during the
formal aystem testimg and scoeptance phase of the
aysten devalopmant. I[aterfaces with dyetsm test
ﬁr and operational test groups oust be de-

Traiming of test groups and system cperations
and users groups regeardiog computer resources
(both operational and support) must be plansed .
The transfer of configuration sanagement proce-
dures, gqualiry assurance procedures, standards,
coBputer rescurce configeration items, and
appropriste data and documentation shoeld be
described. The procedures to be followed during
FOT amd POT should be acaced.

KII1. Error Corpection Control

The comtractor should maiprain writtes records
of tests and thelr results. The CFDP should de-
scril e the planmed methods of determining anoma—
lies, salidating errors, saking modifications,
apd maintaining stabilicy and control of the CPCL
during testing. The relationships smong the test,
design, dats menagement, quality sssuramce. change
contral, configuration sanagesent, and redundant
aspsesszent groups for error control activicies
Bust be described in the CFDP.

RIV., Controls

The means of management aspessment of techaical,
financial, and schedule status must be defimed in
ghe CPOP. Criteria for determining management
sction should be establiched. Mechanism= for
implenenting and contrelling manageme rtiom
should be described. The participari. f the pro-
curing agency in the wisibility and coi .ol process

cught to ba clearly staced, The relationship to,
and control of, subcontractors should be included.

1. Status Determination

Cost, schedule and technlcal atatus 1s as—
sessed by comparison of plans with progress esti-
mated through repores, documentation, interviews,
meetings, tests, reviews spd audirs. The formal
reviews and audits required for milivary standards
are not sufficiently frequent to ascertain status



of sofpware development with realiss. The CPDP
ahould define more frequent Informal revieds,
audirs, tests, and other milestones which ought to
appesr on detailed schedules. The purposes of
thase should be described in the CPDF. Fredafined
criteria or measures of attaimeent nust be presant-
ed im the CPOP for sach milestone. Farticular
attention should be focused on those reviews and
sgher milestones associated with critleal path or
near critical path development itema. Periodic
reasseasment of the Activity Betwork and ffs crici-
cal path itess is important.

The CPDF ghould define the qualificarions re-
gquired by those particlipating in reviews and
assessing Bilestone attaioment. The personmel
parricipating ought to mest these qualifications.
Continuity of the same gqualified persomnel in re-
view participation is dessed desirable. The Te-
sults of reviews, audits, and milestome evalua=
tioms mpust clearly be conveyed to appropriate
decision makers. The participation of the pro-
curing, wiing asd support agencies In thess In-
formal reviews alse should be defined im the CPDF.

2. Management Actions

Sritieal itema of development behind schedule
mny be addressed by management actions of re-
source reallocation, schedule slippage, codat in-
creans, or performance degradatiom. The CPDP
should provide guldance and criteris for the ap-
propriate actions under the appropriate cirfcum—~
stances, The CPDF ghoyld alse provide for those
clrcmmacances and criteria when other Adr Force
agencies ocught to be made aware of such problems
in order to assist in setting priorities.

Among other issues to be addressed in the CPFDF
are those plansed management actloms which will
maintain appropriate documentatlion guality, drive
roward srabilicy of requirements, clarify and
atabllize interfaces, enforce adherence to prac=
tices and standards, provide lor approprilate
perdonnel and their tools, acquire and maintain
the facilicies for development, and generally
provide for elimimation of undwe project
complexicy.

1. Documentation Reguiremcnca

Iocymentation {8 borh a method of management
wisibility &nd contrel as well &8 am item to be
comtrolled. Adequate computer resouTce docien—
tation i{a an essential, but excessive documen-
tation can be s=xtremely coacly. The CFDP shouwld
address the “preal and informal docunentation re-
quirements of the computer program development
effort, the purposes and levels of detall pro-
vided In esch document, formats of preseatacion,
sethods of distrilucion and contral, methods of
update, and assurance that the disparicy betwess
docsentation and system is mimledzed.

The avallabilicy of drafe, incerim and final
editions of dociments must be shown on schedulas.
Appropriate documentation must be avallsble to
pernit reviewers tise to study the documentation
in advance of reviews.

4. Configuration Management

A plam and the organirational elsment asso=
clated with configuration managenent of computer
resources must be defined in the CPOP. Exceasive
configuration comtrol too early in the progras
will imerease coste and iphibit good design by an
ovetburden of paperwork and by decision bottle-
pecka, Inadequate configuration control late im
the project will risk loss of cemfiguration and
encourage frivolous and encoordinaged changes.
The configuration mapagement plan should define
various levels of control, and the response at
thess levels, the interface of sofpware snd hard-
ware conflguration nanagement lssues, criteria
for procesding to increased levels of comfigura-
tion control, methods of validating requiresents
for changes of configuration, salatesance of inde-
pendent masger decks or tapes, and keeping records
of change activity. bhmbers and purposes of
informal and formal comfiguration and status
audits should be plasned and scheduled.

The formal monitoring of tise, memory, Llater-
face and chamnel budgets ought to be a copfigura-
tion management function. Errer and deficlency
reporting amd resolution during integration and
test cught to be through the configuration
napagement systen. The CPDF should plam the
interface of the configuration m&nagesent process
with the formal tes: amd accaptemce process, &nd
should plan trensfer of confliguration managesent
to the appropriste Alr Force agency during the
operations apd maintenance of the system.

The role of the contractor's library in sup-
porting the overall project should be described.
Control of developsent wersions of CPCa aod CPCIs,
handling of source and object code, conmtrol over
test enviromsents, relatlionship to sodern pro=
gramnlng techniques, and relatiomship to the
Quality Assurance functlop should be detailed.

Qualicy Assuramce

The CFDF muest provide for a quality assurance
organization independent of the development orgen=
izagion, The QA functlons regardinmg the compli-
ance with development policles, procedures amd
standards, docusentation requiremencs and
cercification should be clarified.

3.

The Q4 function includes audits to decermine
whether plamned testing will demonstrate gatis=
faceion of computer requiremente and should sssure
traceablility of requirementa. The relationship
berveen the QA function, the test and integration
function, and the configuration mensgement fumc=
tion should be defined in the CPDP.

6. Security Bequirements

in instances where computer Fesources are baing
developed as part of a govermment classified pro-
Ject or require the ase of classified informacion,
the CPDP should indicate the mechod by which
securlty 18 maintained while facilicles, ssployeass,
data docwmencation and teols are brought to bear
on the projéect in a tioely manner. Interfaces
among various levels of security must be discussed,
and procedures to assure against violatlcons must
be presented,





