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Many organizations have sxperismced sefious
diffieulties in developimg complex computer=hased
aystems, especially their software componemts. The
problems include large cost overruna, scheduls
slippages, insdequate perfcrmance, and inabilicy to
use the system as originally emvisloned. One major
teason for such lack of success has been the in—
ability of the management of the crganizaticom or
the development effort to understand the need for
a total-pystes msnagement approach. In particular,
acquisition of software and hardwars separately
with the hope or imtegrating them later does not
work In complex systems. This paper ocutlines a
manageaent approach to acquiring computer systems
which encompasae the who'e system, with emphasis
on the scftware, from the initial concept formulas-
tiom to the support of the cperstional wystem,
Expected improvements in the deveélopment process
and organizationt’ lmplicaticn of this management
approach are discusssd.

HAWAGENENT FROBLEMS AND MYTHS

Many organizarions have experlenced 41fficul=
ties in developing complex tonputer-based systems,
particularly the software. Fred Brooks, In The
Mythkioal Mm-Momth, likens large software develop-
ment cfforts to the struggle of prehistoric beascs
trying to #scape the tar plts: “Large and small,
masgive and wiry, team after tean has becoms
entangled in the tar. Mo one thing sesms to caouse
the difficulty—any particular paw can be pulled
away. But the accusulation of simultaneous and
interacting Factors brings slower and slower
motion. Everyooe scems to have been surprised by
the scickicess of the problem, and it is hard to
dimcern the nature of 1¢." 1

In the mel .phorical car pit have been systems
such ag airlise reservation svstems, operating sys-
tems developed by computer manufacturers, and a
var cerr of syateme develope’ by the milicary ser=
Ve, o ooieenes rith tihe lecter, *n particular,
have comtticuses wuch of the raciomale £or i
management approach advocsated in the present paper.
This approach is a generalization of conclusions
Teached in a study of computer resource management
af the United :-I-Eun Alr Force 1. which the authora
participated,

Ume major reason for the atickiness of the com-
puter syst=ms' development problem, especfally in
large military systems that fnciede computers as
subsystems, has been the imability of the top
management amd managers of the development effore
to appreciste the subtleties of integrating com-
puters with other systema. They have failed to
appreciate the neea for a total system management
approach. Inptesd, they have developed hardware
and software separately, heping to integrate these
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succassfully later both with sach other and with
the rest of the system. Some of the syatems devel-
opad under this philosophy are still stuck in the
development tar plt.

Underlying thess unsuccesalul managesent
efforte im a set of management attitudes and
beliefs~——a ser of mythe——which do not reflect the
Erue nature of computer systems and sof bware ond
their development processest

Myth: Stating valid amd complete requirssents
for & new computer syetes is & Telatively
simple task,

Hardwsre snd software can be purchesed or
developed : and ficted togethar
later, and scill later, ficced imto the
adoinistrative apd procefurai environment.

Since scftware 18 somehow different from
hardware, its acquisition wmust be managed
differently.

Mapagement review msechanisms used in hard-
ware development are flucus for scft-
ware (or sve impossible to conduct).

Mauy hardware inadequacies can easily be
offset by simple software changes.

Acgaisition of software can be treated as
a production—1ike %uem, aimilar to pro-
curenent of standard ha T,

So.tware, once developed, hardly ever
needs to be changed again.

Support of software im cperational systems
is emsentially the same a5 maintenance of
the hardware.

Hythsz

Hych:

Hych:

Hyehs

Hyeh:

Mych:

Mythe

Thus the problems in managing the development
of computer syatems are compounded by policy and
organizational arrangesents that teflect the above
oyths. Superimposed on this 1s & diFfusion of
responeibility and awthority because of managmment's
ir rdequate understanding of computers, There is a
serisus scarcity of person- el who are technically
equipped and sufficlently experieqced b m ‘e sound
decisions in the management of computer systes
development .

BASIC FREMISES

Considerable information was collected during
the cited computer rescurce management study om
projects that have invelved computer system devel=
opment. This resulted in four basic premises thac
we believe to be fundamental to successful manage-
ment of computer system acquisiticn,

System Approach
The phrase “computer aystem™ usually refers to
the combination of hardware and software nesded to

perform some task. In its broadest context, the
phrase slso inclodes hardware maintenance,
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softwars support, documentaticn, dats sources, per—
sonnel , adninistrative practices, and operational
procedirss. However, it is comson to find both the
acquisition amd operaticm of thess various parts
managed separately with Little or no attention Eo
the overall integratiom problems.

If tradecffs are to be made, & computer system
development project sust be sansged as a total sys-
tem, rather than as a serles of sepafate parts.
Alchough the pacta may be different in some senme,
the differences smplify rather thas reduce the
naed to conalder aoftware and hardware sa closely
interrelated components of the same syscem, rather
than atomistic estitiea to be managed separately
and differestly. It is especilally important to
addrenns the harduare-software interaction duritg
the initlal phasss of & projest in which new soft-
ware is being developed for a mew hardware system.

Interacticns betvesn hardware and soffware are
many unless their development is closely inte—
gEated f-'l'ﬂf Bay aach accumglate deslgn charscpar=
istice that are inconsistent with the other, amd
these inconsiscencies may mot be visible wniil late
in the develojment process. The necessary Tecon=
cilistion can be very costly and time consumdng.

Similar t Frocedures

An examination of computer systems in differ-
ent functional aress (such as military cosmsand and
control systems, on-line Eranmacticn-driven systems,
mAnAQEmONE SUPpOTL aystems, and computers embedded
in isduatrial or military systema) has failed to
reveal any justificatien for different management
approaches. (me argument that has been uaed in the
post is that the diffieculty of defining eperational
needs and fomctional specifications For a certaim
computer systém is so great chat am increnental™
development approach is mecessary. [t is Erue that
RrEe ayslems can be specified with high confidence
that subsequent evence will not soon iowvalidate the
detalls, &nd that in others there s a substanpial
risk that the specificacions will need to be
changed before the system development has besn cos—
Pleted, It even may be necessary to perfofam opeta—
tisnal tests of syetem coSponests or prototypes
befors preparing complete” functicoal apecificatiors,
However, these differences are not Fundemental .

A structured managenent doctrime applicabls to well
defined syotems in equally applicable to a phased
incremental development.

-Tht words evolutionary apd incremental are
aaed Ip & warlety of ‘Hl'l'lll'lll when lﬂllﬂ Ed Col=
puter development. In the presemt study, we have
adopted a precisze set of definitions susrarized as
fol Lows:

Evolupionary requirsmencs are achieved by
incremental déevelopment sccording to a phased pro-
gram whers gach phase Is & complete pams through an
arderly process of development produces an in—
crement of capability.

The inapprapriate phase "svolutionary develop—
mant™ can kive a manager the impression that the
process of development does mor have to be mansge.
of controlied, but can be mllowed ro suddle forward
with & guarantes of successful outcome. Thus, we
prefer pot £o associate "evolutiocary" in any way
with development, but comfine it 1o & descriptor of
ayetem requiremsnts.
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Use of Devalopment Mansgement Methods

Acguiring cowputer systems is frequantly
treated as a simpls production task, when in fact
it is & developmsnt process vhich may demand
sophinticated tessarch and developsent mansgessmt
techniques. Both bardwere snd sof twers components
of a new computer-based syatem Tequire highly dis=
ciplined development mansgemsnt becasss they share
several charscteristice:

o both dowolwe ivnowation, creativity, sod
ingesuiey througheout the develgpesnt stage.
These aspects of the development proceas maks
precise scheduling, cost sstimation, asd pet-
formance prediction difficult.

Bath are subject to plece—part testing during
the developsent phase and testiog of the come
plete system to validate the peoper integra-
tion of its mamy parts and compomnents.

Both are vulperable to tinkering and modifice-
tion during development amd in operacion, o
that configuration control becomes an Impor-
tant snd sssencial functiom. This L especi-
ally erue for sofcwars hecauss of the sase of
miking sesdngly simple chinges without sde-
quate msnagement Involvesant and with anper=
celved iwplications for the future,

Software acguisition for a oew computer system
muat be sansged s & structured developmsnt process
not only for the above ressona, but hecsuse of ite
special nature. For sxseple, although che basic
lawvs of physics clearly constrain the performance
of hardware wystems, and thess constisints are
widaly recognized and understood, constralnts oo
softewnre performance are pootly defined and incom—
pletely known. Hany sapects of software design,
per formance prediction, snd resource estimation are
‘based only on experisnce with past projects of a
similar nature, with the followisg resslts:

o Cost and schedule cstimates may have large
uncertainties.

The correct design spproach may not become
apparent until afcer a swbstantial ssount of
prelimipary design and development work. Fro-
totypes, slmulation, and even Fleld tests may
be Teqaired,

The body of specificacions, desaign stendarda,
preferced practices, and documentation stan—
dards im much less wall developed for softwirw

These charactsriscics raise special problems
for software acquisition, Current management pro-—
cedures are based om the premise that reasonably
precise cost and schadule estimates can bhe made at
the beginning of full-scale development and that
there exists & body of spscifications and design
standarda; in fact, however, the art of sofcwere
dev t has mot yer reached this degree of
atabllity and predictability.

Becouse software ham no significast produectisa
phase, lts development cost is & significantly
large fracticn of itm total life—cycle cost In com—
pariscn with Lardware, This fact scceniuates the
need for both complete spacificetiom of fupctiomal
requiressnts and therough reviem of prelimianarcy
and detailled designe prior to imitiation of full-
fcale softwmre develcpmsnt.



-ﬁlh bardware and software components of large
computer oﬂlt-n Tfequire coasiderable support after
dalivery to the user, Hardware needs maintenance
becange it detariormtes over time, Software does

t" in the usual mesning of the ters
(and, hence, the phrase "software maincensoce” i

4 mismomer)l, but imevitatly theére are design over-
sights and not caught in testing, Further-
more, in the operational phase softwars invarisbly
g ires betantia]l ssounts of support for tech—

nical isprevessnt. As & conpequsnce, support
tands to bed a major ites in software life-cycle
cost.

The mechanice of changing software are
straightforward and simple, and the replicatios of
changes in many coples of softwars Is also straighs
forward. This has led to the myth that goftware ia
easy to change. What ia missad is that software i
&n intricdte fabric of Interactions and sutual de-
pendenciss; changes can affect other parts of the
PFrogram in hard to perceive ways and, more often
than not, can introduce new problems and ascmalies,
Conmequently, it is very difficulr for anyone but
the original developer to successfully make major
scftware changes without = substantial investment
in becoming familiar with the progrsm. Ideally,
the criginal developer should support the software
throughout ite opersticnal life, Alternatively,
the organization yltimgtely responsible for opera-
tional support must be thoToughly iswvolved im the
devealopment, participate in the scceptance tests,
and thoroughly understand the design details.

TOTAL SYSTEM WANAGEMENT APPROACH

in this section we will cutline & ssnsgement
approach to the development of computer-based ayn-
tema which we believe can avoid the developsent
"tar pits.” We will discuss the sallent features
of the neceasary masagement policy, outline an
orderly development process, and discuss the crgan—
fzaticnal aspects of its implementacion.

Mapagement FPolicy

Any organizatlion with extensive commitesnts to
the use of computer-based aystems must adopt =
policy at the highest management levels ro fully
support the development of these systems. This
policy maset prescribe a development process which

conforms with the basic premiges identified In the
previcus section:

o Mopte & total system approach fn the acgiisi-
tion of system hardware and software apd in
the integration with other syatems.

o Applies wniformly (but on n scale commensurate
with the naturs and slse) to all development
efforts within ths organizacion amd addvesses
the total aystem life cycle.

A wodal of such a process and ite implications to
managing computer system ascquisiticns are discussed
below. The management policy sust alsc reflect
cther praveguisites to ssccessful development man-
Agement §

o Becognize that scquisition of . computer-baged
aAystem, aspecislly its software component, ia
4 development process that must be panaged as
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such, particularly with respect to mansgement
attitudes, procedures, and controls.

Escognize the iterative nature of the develop-
BENL Process. .

Recognize that the cost of rectifying design
flave discovered im the later phases of cthe
development process is much greater than in
earllier phases, and that it is isportant to
place great emphasis om thorcugh Teviews of
the system specifications amd design propo=
sals,

Recognize the importancs of constructive con—
fromtation in design reviews snd the necessity
of establishing review groups that are inde-
pendent from end-users and developers.

Bven 1f the orgenlzation adepts a policy along
these lines, oot all of its slemsnts are likely to
welcoms the new controls placed oo thes. There-
fore, it may be necessary to satablish within the
organization a special eéntity—a focal polac for
computer systea developmsnt--which has the pecs=-
sary expertise and is placed high snough within the
organizational structure to successfully saforce
the deveiopment policy and, if mecessary, confromt
the existing power structore. An illustration of
such & focal point is the recently established
Assistant Chief of Staff for Comsunicatioms and
Computer Resources in the U.5. Al: Force.

The Development Process

Acquisition of computer-based aystems must be
treated as an orderly process that encompasses the
entire life cycle of the system, from the state-
ment of a fusction to be automated bto supporting
the operational use of the system acquired for
this purpose. Figure 1 depicts varicus phases of
this process, Each phase is represented by & rec-
tangle that alsc shows its most laportant subfunc=
tioms. Line coding is used to indicate the
differet organizaticns, or elesents of an organi-
zation, that are primcipals in sach phase; heavy
solid lises indicate users, light double lines
indicate independent review groups, and light
single lines che computer systes deaign and devel-
opment group.

There must be sufficient organizatiomal inde—
pendence between these elsments Lo encourage con=
atructive criticiss and to avold compromises of
the function of one element by the authority
imposed by another. For example, slippage in de-
velopment schedule must not be arbitrarily compen—
sated for by shortening the testing time unless
the end-user and all relevant msnagesent levels
understand and sccspt the performance risk that
will be incurred.

The iterative sagure of the developEeat pro=
cesa ip underscored by the many feedback pathe
betwesn functions and phases. Hi&ul.r: '::vi::-

tablishad at priste points in -
::‘m“ it process, mbﬂrit is understood by all
involved that & review may result in repeating &
previous part of parts of the development activity
then the pr can procesd in a controlled snd

rational sanner.

Finally, it is important to emphasice t.hn.
the process applies equally well to all systems:
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Figure 1.

te a turnkey system, to sach phase of an incresmen-
tal developoent of & system, or Eo each atep for=
ward in the phased progression of a system.

Mission k%ﬁ‘-ﬂtl Formulation. This phase
(Box A in Fig. 1) 18 exceedingly importsnt becouse
it provides the performance imputs that drive the
test of the system development process. It i8 &
relatively informal ard sometimes lengthy activicy
which must be contralled by users rather than the
developers. When the operatiomal requirements are
dafined to the sxtent that devalopment can be con-—
sidered, they must be submitted to a process of
teview and confrontation (phases AZ and A3)}. Imn
phase AZ, the stated nesd Is reviewed from a top
level organizaciopal poine of view, looking at the
functional rather chans technical sapeces of che
requirements, Among the criteria that oust be
congidered arc:

o Does the organization require the proposed
capabiliey? 1Is it consiatent with the lopg=
range goals, policy, and plamning of che
organization?

o Are there exiating systéme within the organi-
zation that coula be wred to satiafy chis
need?

These gquestions serve a dual function of estab-
lishing the overall importance of the proposed
systen, as well as alerting those whe may become
ievalved in adapting the system to a acandard
arganization-wide use,

Given a satisfaccory review of the stated
naad, It is inportant to address the adequacy of
the performance requirements that have been pro-
posed (phase A3}, It must be determined whether
the requirements make sense in that they accu-
rately represent what is needed. Among the gques-
tions to be asked in such & review shoul. be: Ias
af sutomated aystenm really necessary? Are the
requirements stated clearly enough te be under-
st.~? by the developers and by the w.urs thes—
celvea? What ispact will the propesed capabili-
ties have on other fu. “tlonal areas?

After the sbove reviewn have been performsd
by impartial groups snd confrontation has taken
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place, the requirements can be documented apd sub=
mitted to the Technology/Requirements Validation
process (phase B). However, it is not implied that
phase B's function will be performed omly on a
fully approved s«t of requirmentsa. Even 1f re-
quirements are too uncertain for formal spproval so
chat further study by the uwse is required, some of
the phase B processes can be helpful. The nemd for
exploracory work dering the requirssents formula-
tion procesuy shouwld be expl lcitly recognized and
provided for in the mamagement procedure.

!uhmlmi!&ir-mu Validation. The goal
of this phase is validatlon the technical asd
economic aspects of the requirements. This pro—
cess should encourage confrontation between users
and developers to ascertain the technical feami=
bility of implementing a syagm to satiafy the
stated Tequirements. The user organization should
be in comtrol, but participacion of an independent
review group 18 required to identify and analyze
technical problems and to perform tradecffs. Sat-
isfactory snewers sust be given to the following:
What degree of technical risk or uncercainty is im-
volved in sesting the requirements? Is any re=
search indicaced? Is the projected scheduls sppro-
priate? Are there any special technical aspects
that require extracrdinay management measures?

After completion of the technical review——and
there may be several iteratioms of modifying func-
tional requirements and svaluating the technical
aspects of thedr implementation—the requirements
ard technical inpots are omalgomeaced into decailed
functional reqairements. These are agais reviewed
E‘I:trmn B2) by an independent group to determine

eri

@ The detalied functional requirements specifi-
cally and accurately define the deaired capa-
bilities and the necessary resourcaes, and
whether theras is an accurate match batwesn the
user's stated mission and the requested re=
BOUnCER .

o Beneficial cradecifs can be identified from an
examination of the requirements to pressst to
the user cholces such as & less ambitious But
less costly system, or a system that, while



providing less, cam becoms operaticonal ot an
earlier dats

o Adequate provisions for teclnical ssnagement
hive been ipcorporated in cthe proposal to
securs successful isplesentation and visibil-
ity to management.

A substantisl smount of time amd technical work,
including the davelopment and testing of a proto-
type system or a portion of cne, may be nesded to
satisfactorily snswer these questioms.

The final products of this phase are a set of
detailed specifications which have been subjected
to thorough funccional snd technical reviews, and
A& management approach consistent with the techai-
cal characteristics of the project.

o%l?_mm_- This phase should be
pecf an organization independent of the

user organization. This phase p-oceeds into the
praliminary system design step (Cl) in which apal-
¥oes and tradecffs are made to produce a set of
design alternatives that ars evaluated on the
basls ::‘minn- 'rlzﬂtu'i.u such as performance,
coRt, reliabilicy. Important management -
tions in this phase include: e

o Does the preliminary system development plan,
especially those parts that include computer
equipment apd software provide adequate viel-
bility to management?

o Is there & plan for proceeding through the
devalogment process im an orderly mapmer?

o Is there a plan for orderly tramsition to the
user and to the support orgamication? Such
plana are sgpecislly needed for moftware, for
which specific provisions must be sade during
the design phase to allow subsequent testing,
integration, amd supperc.

Upon completion of a prelimimary design Te-
view, the detailed design of the system (phase C2)
commencesd. An iterative procrss is to be eaxpected.
The final design must alse be subjected to a
thorough and critical design review, it ia ispor-
tant that the user participate in this review.
Amoug the questions to be asked are:

o I8 it clear that the correct design cholce
has been made?

o Have relevant hardware-softweare tradecffs
been adequately performed?

@ In view af the technical insights now avail=-
able, are the requiremesnts properly staced?
At this er:tical juncture in the development
process, this fundamental gquestion must be
reviewed.

o Since more Inforsation 4s avallable now than
when the estimaten were firat made, dos che
addicional information indicate that new cost
amd time escinates should bhe mada?

o Does the original design strategy still appear
valid? Doss the ayaiem development plam still
@eom appropriata?

The development of the syatem (phase C3)
implements the detailled design in & form that can
be tested and, in the case of hardware, passed into
production. For sofcware, the fipal development

step conmists of writing the computer code in the
thosen progromming language. Except for cesting,
this completes the software development process
fince no significent production step is Lnvolved
other than scking error-free copies and completing
the docusestation, Thrcughout the development
phese, the project management Bust remsin aware of
considerations such as:

o Are thers any techaical problems to be solved
before proceeding with development?

o Is development conforming te the program
management plan?

o Are nilestones, beanchmarks, and other check-
points belng set?

o Are factors emerging that may require major
revigions in the development process, the
schedule, or the technical approach?

With the completion of the developeeat step,
the system is ready for a ssquence of tests.

Testing. The testing phase comprises two
distinct stéps isvolving distinct organizations.

The first step is not necessarily totally separate
from the development phase—testing of subsystems
can procesd as soon as thelr design and implesen-
tation are complete. Testing of the system per-
formance ageainst the design specificatioms (D1)
sust be performed by a technologically competemt
group independent of the system developer. The
principal guestion is whether the system performs
as specified in the detailed design specifications
produced and accepted in phase C2.

The second atep (D) sust be parformed by the
eventunl wsers to test the system's functional
pecformance--does it satisfy weers' needs? It may
turn out that eves though the Functional specifi-
cations are fulFilled, the syatem is mot cruly
responsive to the user's requirements, necessitat=
ing & Teturn te an earlier phase in the develop-
ment process. For example, 1f the functional
reguirements are difficult to define, they msy not
be implrmented exactly tight at firsc. Im other
cases, Che aysces capabilities may need to Teact
to changes in high=level policies as well as to
possible changes in operational eovironmencs.
However, in any sech ipstance the system may still
be able to provide am indtial Increment of capa—
biliey while developmecc to meet the full needs
contisues. In any case, the develepment process
will have produced a basic design and an inicial
increment of capability.

Consistent with the emphasis placed on inde-
pendent review of sach phase of the develogment
process, a special review proup must oversee
gvery major testing activity, evaluate system
module and integration tests, and assure that the
tests specified in the managemcst plin af@ Come
ducted and thelr objectives mat.

Production. Im hardware systems, completionm
of the test step is followed by conventional
factory production (phsse E). For software, the
producticn phase is minimal--the sutomated pre=~
paration of error-free copies by computer of the
original programs for distributiom to the users.
The abaence of a sofcware producticon phase is one
major distinction between hardware and pof puare,
especinlly in turms of funding. Wearly all of



the software scgeisition cost comsuses development
funds, thereby puttisng sddiciomal strains om &
traditionally tight budget category.

ration and § fk. The fioal test of the
syStem a3 abllity to satlsfy the need defined by
cthe user in phase A& comes in the actual operatiom-
al ume of ghe aysrem in the real world envirooment.
At this podnt, the uwser has formally accepted the
ayarem from the developer, and the resapomalblilicy
for support 18 tramsitioned to the umer orF to A
supparting organization. Transicioming the syaten
is an important step essily overlocked im chae
early phases of the development process; edpeci-
H.ll]l' in embedded computer syaCema. l:m-qm:lr,
In missarous cases the necessary support equipment
and poftware have not been ﬂl-dﬂ' when the syacem
becane operational.

The maintepance function (phase G} adsures
that the eystem remalns operational desplte the
patural degerioration of the syscem's hardware.
fince there I8 oo Intrineic wear-put of computer
aoftware, poftware support mainly involwea pro—
duct leprovesent (Increasing efficiency, Tell-
ability, or supportability}, product enhaficément
(previding nev functional capabilicies), and
correcting deglgn coversights and errors. Howewer,
software changes ca force & return of the syscem
1o marlier phases of the develogpment process than
of hardware changes. Monagers who belisve that
software ia essy o change are apt to ask for sofo-
wife [Sfroveséfits or ephancenénts mech more caau—
ally than for hardeare changes, sot recognizing
that theilr requests may require a repeticion of
the entire development process.

ne# consequence of the specisl nature of
software support 18 that software 18 always ak
acae level of continuing dewelopment; it there-
fore appears "never completed" to managers and
auditors who beliewe the myth thar "softwars can
be produced as a tormkey ayetem.™

Orgami fomal Hoations

Altheuagh the process depleted I the LLfe—
cycle model 18 mermally Followed in the develop=
ment of msjor systemn, its application te computer-
based systems bas been sporadic. HBowever, case
historles show that skipping afy phose in the
orderly process achematized fn Fig. 1 almose
guarantess that the system In guestion will pot
mest performance, schedule, or coat expectations.
It is essential that the dewalopment of computer
reésources be subjected te the discipline repre-
sented by this wodel, and it is gecessary to apply
vigorous and lodependent management review prac—
tlees to assurs that these vital procedures are
adhered to.

a ]:ﬂft'l_:luﬂ- arganizagions’ lsfuvess ariss: Whao

culd perform each function? Who showld MBe ¢

sible for the variows rpeviews? Some ou-niut‘l.g.:‘
have comblned the tasks of development and testing
undsf comSon monagesent: atdll others hawe aplitc
the design and development management to addreas
hardware and software lssuss independently.

Furthe—sore, in socme orgonicacions computer
reRCcUTcel are managed centrally from the organiza-
tiom's headquarters, in others they are managed in
2 decentralized fashlon by functiomal elemenga of
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the crganization, Whatever the scructure, the suc=
cens of cthe managsment approach we have described
depends om the estshlishment of a focal point™ for
computer scquisition matters, who 1 provide
technical expertise for conducting managemsnt re=
views prescribed inm the developsent process. Other
changes in the crganizational structure may be
needed ac the functiomal users' level, especially
for requiresents genérarion.

Focalization., The principsl purpose of estab-
lishing B conpuber Tesource managesent focal point

in an organizatcion is to set uwp an organizatiomal
elepent that can ossure the disciplined spplication
of management reviews and controls throwghout the
deve E 1life cycle of & computer system. More
specifically, the purpoees of focalizatiom ate to:

o Develop and sesure the application of uondform

policy and manapenent controle b9 all computer
syatem pcquislelons.

Assure the presence of Independent cechnical
experciae al management decisicn poimts in
the organization, and provide improved sware-
neas of computer systéns, espaclally thelr
coste, to the top=level monagement.

Assure the exploration of techmical slterna-
cives early in the requirsmsnts ldentifica=
tion and validation process, and in sarly
-ﬂ“lﬂ'ﬂll- phasas, a9 Ethat ﬂ.u'l'llﬁ_‘ﬂ! risks
can be identified early. From his vantage
paime of authorlty, and with ‘Ii-lihl.].l.l::r and
techiiical expertise, the focal podmt cano
asagre that the recosmended confrfontatlon in
the development process will oceur. This
minimizes the cisk theat the ccganization will
apply computer rescurces to unprodective
Eoals.

Frovide o central point of comtact within the
crganization o facilitace interaction bBeiween
usérd, developerd, and the computer community
at large. Hinlmize counterproductive com~
flicea between diFfgrent funetional engicies
of the arganizatiom by possessing the authoricy
to adjudicate any much disputes,

Assure wislbilicy to mansgement of compater
rescurces costs by collecting informscien on
the finsnclal aspects of resource acquisieion
and gperation. Serve &8 a corporate memory of
tha difficuleies experienced as well as suc-
cesdid achleved in computer sysces development.

Te fumctien effeczively, cthe focal polse SusE not
serve af an ipltiator or participant in generating
usar's réquirements, nor should this group be an
sdvocate of any propoeed computer system wntil after
it has reached the full-scale developmsnt phase.

The pomicion of the focal point within the man-
agement ACructure of the organdization is crucial.
In those organizations that presently experience
difficuleies with developing computer-based sysrecs,
or where the goal s to centralize a currently de—
centTalized management of computer resources, it Lle
egsential to provilde the focal podnt with & mirong

*The focal point for computer resources San-
agement la an organizetional entlty vepresented in
tut discussiom by its divector.



starting position in the orgenization. For exam—
ple; he could be made a vice presidesnt for computer
rescurce managesent of an asslstent to the premi-
dent. Flacing the focal podmt in an existing

of flce (#:g., in the office of the comptroller,

the traditionsl home for meansgement of cosputer
syotema] s acceptable omly in organizations in
which oomputer syscess are prédominently wied in
that specific functlonal areas.

The poaition of the focal poine in the organ-
izational structure 18 acceptable if he has:

o Statere to enable productive confromtation
of the existing power structurs and to ineci-
tube oew palicy.

Access te the top-level managesent in the
organization and participation in the formal
and informal decislonmaking accivities of the
organization (establishment of the focal
polnt must cransmdt an unambilguous and EEDomg
signal that the top managesent ia dspermined
to solve iea copputer syetes development
problens) .

Purthers re, the focalizatiom concept should be
spcablishcod not only st the highest managesen:
levels in the orgsnizacion but extended to the
lower-echelon organizationsl encitiss snd func-
tionsl areas (&.g., & computer resource single
manager hierarchy in the 0.5. Alr Force).

-

m. It is important for effective
devalopman: of computer syatems chat the organi-
zationa]l enticy which develops the operagiomal
aquiressnts for & computer-based mystem be
orgapizationally separate from the design and de-
velopSeént groups. The uwser must be latisatsly
lovelved with requiresents genertation and susit
stsy connscted to the development process: Fanc—
tlonel and technical compromises and adjsst=ents
are ineviceble, specifications must be incerpreced,
and requircmencs eay change mufficilesntly co juscify
changing the specifications. However, the ws=r
cannot be allowsd to explodt his inceraction to
the detriment of the development process by inter-
jecting & comtinuwous stresm of reguirement changes
as he comcelven new ideas or refines his perception
of needs. While he sust be deeply involwed in and
aven comtrol the inielal requiresents generation
phasé during other phasss " must interact only in
a carefully costrolled way wmder strict managemsent
control. Ewen in an incremsntal developsant

approach to meet evolutionsry requirements, each
cycle of progress must be completed before expanded
or revised requirements Inltlate the next cyels,

Such a separatisn of respoasibilicies and
careful comtrel of inceractions must be exercised
everywhere in the organization where the develop—
ment processd takes place. A wser muar be glven the
resources and the resposaibility to define che sys=
cems chat iscteases his effectivemeas, but the
déve lopeent rzaponaibilicy lles with other growpa,

CCLUDIHG REMARES

Computet technology s essenclal in the opera-
tlons of large ofganiraticni both in the government
and in private business and industcy. Past experi-
ences of wany of these orgasizations dn deweloping
computer-based syatens have been disappointing—
costs have exceeded estimates, schedules hawve
shifeed, parformance hed beéen unsatisfactory, and
envisloaed benefits have failed to materializs.
Future computer applicaciens will be even more em-
tenaive, complex, and critical than those whose
development efforts have struggied in the mecaphor-
leal development tar pie. It fs imperative for the
succcanful development of such systema that the
lessocss of the past not only be learned but alsa
put to use. We are convinced that computer syntens
can ba developed a8 effectively as other complex
systems, provided that (1) the miqus sature of
e re and computer software is Tecognized;

{2} a development policy bssed om the application
of &n erderly developsent procesa Is formulaved;
and {1} certain organizatiomal emtities are estab-
Iished to Isplement this policy and perfors manage-
ment reviews.
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