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THERCERICTION

the "hig bang® or momelithic approach o sefhmre
development has not led to complete  Sustoter
patisfaction. Too often, systews do not meet
customers’ requivements and are either abandoned
e subdjected o omsiderable  change. in one
axbrems apapmie, U GOv 9], of 9 federal
woftware projects in  the USA, costing 58.8
million, the following results were achieved: 47%
of the software (53.2 mililion? was paid for bt
mover dmlivered, 9% (52 million} wes delivered
init never used, 19% (51.3 million) was abandoned
or tewrrched after going ince seevice, 3% ($0.2
williont wae used after changs, end only 2% ($0.1
millicm} wae weed as delivered.

The hearc of tha problem ig the need for change.
fet, the great strength of software jg  its
flexibility, its sase of changs, and that in why
wg use ik, Lo wiy doss the problem srige? Too
maseh chawse iz unexpeoted,  inconvendent,
il e, A Efienly Lo achiave, B
repourcr-omming to carey out.  There is a need:

(1) o cantrol changer

(i} T wmindmise  change due  tn earlier
fatlurer
{LL1) To recognise the need for change sarly

when it 15 least expensive,
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Change §s best controlled if the project is
clearly defined apd flks into a consistent and
well-coordingved strategy. Then, new ubers sre
less likely to appear late in the preject or when

the systew {g already in service. Changs dus to
fajlure i currently oindmised by project
menpgemant, softwere engineering, and  quality
assurance. lHecognising early the need for change
may be achieved by continuous user involvemsnt
thropghout  the project, by the use of
notemotalithic  development  models,  ang,  in
particular, by incremental delivery which offers
users &an esrly opportupity to use the system angd
to review their needs in the licht of theirc
experiencs of it.

The fault is onot always with the big bang
spproact:  frequencly this takes the blame for
poot systams apalysis, lack of user involvemsnt,
or  inferior software  engineering  in the
develomment process. Hevertheless, it is now
generslly aceepted that there are advantages to be
gained frem the gge of pooemonolithic development
el s, But, along with adveantages oome
difficulties. DBased cn the use of inoromental
dalivary over a rmmber of years and in a fucher of
projects, this paper describes the difficuities
witich may acoempany its application. In marny
cazes, solutions are either discuseed or are
impiizit in the descriptions of the problems,
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DEFINTTIONS

In the traditional menolithic, or blg bang,
approach to development, all the detail of each
stage ig (ideally) completed before the next ztage
ig bedgws, This involves strict adherspce to the
waterfall development mode), and no part of the
pysten i operational until the end of the
project, when the whole system iz eompleted,
tested against the original specificatinn.l and
brought into service,

In the incremental approach, functional modules,
ot increments of the system are identified and
developed while completion of some or all stages
iz deferred. Thus, increments become operational,
arel way be delivered and brought into service,
before the whole system is complete., Indeed, the
system is constructed by the successive addivion
of new increments (and the changes to existing
inerements). Thers are a mubar of non-memolithic
developmant mdals, and these have been described
{GRAEAM "89], Incremental develepswent may be
ampioyed without delivery, but a great advantage,
that of feedback, is only gained when the
incremeants are delivered, brought inte service,
arcl wmed,

PRERIXIGITES TQ EFFECTIVE DEVELCPMENT

Ho  developesnt  model  offers a  gusrantee of
success.  The advantages and disadvantages of
incremental delivery (or amy other methed} cap
only be discussed meaningfully if it is assumed
that they are not distorted by other, avoidable
forces, A system of high gquality can be achieved
oy if there 1§ the convergence of a mmber of
influences. The important influences are brisfly
commented on below in four categoriss, each being
uxtremely bread and econtaining a large mumber of
topies which, in a different context, would be
cimsidered individually,

Comtext and Bounds of the Systen

It is astonicghing how many systems are developed
without any participast iz the project, either
user or developsr, knowing the business strategy
inta which the systew muyst Fle, the purpose of the
systen within that gtrategy, or the relationship
of the system to other parts of the busioess. If
these mathers sre not defined, there can be no
coertain boundary to the system, and, thus, no
cleatr statement of who the sysetem's users will be;
by implication, no ofie is excloded from using the
Eystem. Cemsequently, throughout the project, and
even after installation, new users are likely wo
demare} aceess to the system as well as new and

changed facilities. With a strategy and business
objectives  for the  system, the
specification and the specifications for changes
zan be made to remain within the defined boundary,
and change can be controlled.

inicial

Specification

iy & good specification provides designers with
the information to size bhe system, chooss the
most appropriate hardware and system software,
sstimate costs and timescales for the project, and
arrive at the optimm modular design for the
applications sofboware. It may be tempting to
believe that incremental develcpment and delivery
obviate the need for a good initial specification,
but few businesses are prepared to authorize a
project tf costs and timescales have not been
defined with some degree of confidence. And few
systems will be of oprimam design Lf the initial
designers had no idea of what was to come later.
Indeed, it iy well accepted that chandges to design
increase complexity and decrease efficiency: and

incremental delivery does not avoid this,

Software Enginesrcing

Ne development model obviates the need for defined

standards, crmprehensive guidelines,
witll-tirlerstood procedures, engineecing
principles, proven tools and  technigues,
independent verification and validation,
disciplined configuratiom  management, strict
quality  assurapnce, and sound  management.

"Software engineering” iz a diseipline whieh
combines all these, and a lack of anmy of them
jeopardises the quality of the system.

Project Mamaoement

No mattes how keen and competent the individuals
of a development team may be, their eschesjom,
direction, snd achievenent depends on good project
wanagement, ‘This ensures that all work is planned
ared  that  reviews of completed wark provide
fewdback which influences the plans for future
work. It includes getting the organisation right,
ceeruiting the cight staff, attention to staff
development and training, astive participation and
interest, creating a reporting structure  and
commmication opportinities, leadership, planning,
maitoring progress, use of feedback, ensuring

that software sngineering practice is adhered to,
and project conorol.
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ATUVANTAGES (F THNCREPENTAL DELIVERY

It iz not intended to discuss hepe the theoretical
advantages of iacremental delivery, for  tha
proponants of non—monolithic development moxiels
{for example, GILB B3, KRZANIK T88] have already
Set them out., However, it i worth listing those

wiich experientce has confizmed.

(i} Tt provides the cuabomer with a working
system (with a limited numbar of functions)
much earlier than otherwige;

(i)  EBarly delivery  gives the
confidence i the
parcicularly if the
correcrly first time;

cystomer
development  team,
functions perfomm

{Lif) An wearly in-gsrvice system boosts the
morale of the development team;

{iv}  Fesdback from users on delivered functions,
and consequent revisions of future work
help to get the final preduce right,

Delivering a system incremeptally, however, incucs
problems, and these are the sublect of this paper.

DAFFLCULTIES

Ineremental delivery gives rcise te a rtange of
Alfficgltiss which affect developers, users, and
project management. The following subegections
describe them, though, with so many issues, only
brief discussions ave passible,

Hottom.irs Marms oyt

h& stated earlier, top-down comtrol of development
iz best achieved by having a strategy inte which
the target gystem  fits and  which
well-defined bounde on the targer syetem.

placas

Howaever, {ncresental deliveary can  provide 3

Pramewark for bottot-up oanagesepnt unless it is
carefiflly controlled. The cequests for change are
generated by system ugers, and, as already shown,
the resulting work can cause the project to go out
of control. In an attempt to accelerate the f£low
af work, the procuduces for specifying changes zay
Ba  lef: o  junier sraff. This has the
difadvantage that senior mansgeremt may  be
short-circuited, and the result that the changes
tiay help individusl uzers boc not the business as
a whale, i.e., that efficiency is achieved at the
expenge of sffectivensss, To avoid this, there not
omiy needs ton be a strategy and bounds on the

am

project, but alse & fomeal meched for ensuring
that a1l changes are within them.

Bpeei £ tation

Users, as well as develupers, are normally Dusy.
Unfortunately, preparing a speciflcation is ofien
not their only, of even their primary Iuncriom.
faowing that the system will be developed amd
delivered in incremsmts, they may decide to aave
time during the specificetion stage of the project
by specifying the system incremsntally, While
incremental delivery implies a reqular review o
the users’ recuirements, incremental specificaticon
has been found not to be satisfactery. It is &
distinot disacdvantage not to have a comprehensive
spaciflcation prior to design., However, it 1s nob
usually a problem if the origioal specification
provides information on basic facilities snd their
bewndaries, with  Sfurcher dewail te  follow.
Producing & qoed specificatien prior to design is
not eagy (REDMIEL '87], but customers shenid ba
spocucaged o provide one, and assisted if
necessary., The penalties for not having one are
gignifieant in escimating and design.

Estinating

Without an understanding of the full range of the
upers’ recuiremsnts, it 45 not  possible
eptimate the project’s cesources, cost, spd Gimm.
it is true that developrment can proceed without
pstimates, bt no well-run business will coomedit
itself to 8 project of unknewn cost and completicn
date. Nor would a self-respecting project maRDAger
permit aipless develogment.  Hewever, efficient
astimsting depends not only on basic infurmmelcm,
but alse on constanvly comparing the expendituse
of resources against estimates. This provides
evidence on whigh to base [uture estimates, and
deperrls on the accurate recording of the use of
time and on good project managemsnt.

1f the developers are forced to produce estisstes
in the absence of a foll specification, they find
themselves btrapped. Low, optimistic estimaes
usually lead to premature exhaustion of fumads, tha
exposure of the pooy estimacion, and the need for
resuthorisation of the project. Senior manscrs
moy comprehesnd only the reguest for an increase in
budget, and not the difficulbies which cauwsed L.
cn the other hend, estimates which are seen to
make allowance for unspecified requirements, vl
o incliude experience-haged tolsrances, ace aﬁt&gn..
seen by a business as unfustifiaple. Deficiencies
in the specification are overlooked, and it is
assumed that developers ace allowing for their own
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tnadeduacies, Estimation is Qifficult at the hest
of Limes. Deing it witheue a specification
TEquires prayer.

Pasign

Even with & comprehensive specification, it is
often impossilile to achieve the most efficient
design, the best that can be done baing to
inteoduce as mech flexibility as possible to allow
for the expansion and change which are to come.
With only a partial specification, thers may be
difficulty in chosing the optimal hardware and
systam goftware. Morecver, the functionality,
reliability, msintainakility, and, witimately, the
expandability of the final system are likely to
suffer, for later design modifications lead to
increased complexity, decreased efficiency, and
increased difficuiey, effort, and cpst  in
achieving degired results, For example, timing
within the system cannot be guarancesd, and it may
be difficult to meet the required times of
reqponse  to users  in Lransaction-processing
gystems, or of events in real-time gyscems., In
critical systems, this can be a major problem.

Daye ] onment:. Svskem

Whereas the big lbang approach  allows the
development system ultimstely to go jnte sarvice
a5 the target system, incremental delivery does
wot.  Having a separate development system io a
maintensnce asset for the life of the tacget
system, but its cost must be dustified when the
case for the project iz prepared.

Confiquration Mansgement

For incremental delivery, configuration management
is a great deal more complex than far the
momolithic approach, and it requires more effert
and care.  In genslithic development, the system
is configured at the time of installation and,
thereafter, changes are made ag the system is
modified, In incremental delivery, there are a
mumber of versions of the system at any given
time. Maintaining a sohedule of ceqular
deliveries and meeting users’ requests for
high~priority changes do not allow the development
af one increment to be delayed until the previous
one iz in service. Thus, if version ) is the
system in service, Version 2 is the next delivery,
Version 3 the delivery after that, ete, then all
must be basad on Version }.  When Version 2 goeg
into service, all later deliveries must be hased
onn thin, 50 the configureations of all other
versions must be changed accordingly. All new and

changed saftware st be incorporaced into later
vergions ang  their  documentation  browght
gpeto—date. It smst also be established how the
work aiready done within these versions may be
affected Dy the new software. Achieving these
aime pecuires not only hdghly-diseiplined (and,
preferably, automated) configuraticn management,
but  also careful  plaming  to ensure  that
syccesgive deliveries do ot contain changes to
the same moduls.

Ry Sclatdomn

When a working system has been changed, it is
proper practice to rgevalidate it under working
eomditions, before  returning it to  service,
Revalidation can be a lengthy business if carried
out adequately, and this is difficult for uvsers to
accagt. Cnce they have become acoustomed to using
the system, they do not want to be without §t.
Indesd, they should not be witheut it if it is to
replace their earlier method of working. A nuber
of paints are worth commenting on.

{1 Frequency of Deliveries. A second delivegy

cannot be made within the time requirved for
revalidatian, Trdeed, congidering the
effort and time required for revalidacion,
deliveries need to be carefully planned and
well spsced in order o optimize the
balance between the provision of new
functione and facilities and the time for
theiv developmenc. The idea of a delivery
per wesk has ot been found to  be
practical.

{ii)  Time. Because of (i} above, a greater
proportion of time i spent in revalidation
when incremental delivery iz employed. T
full revalidatien of the system precedes
each delivery (and this iz essential for
eritical systems), the time and effort
required increases as development procsdes,
If deliveries are frequent, thiz places a
great load on the developers’ vesources,
and there 15 a danger that there will be
attemnts to make savings by only
revalidating selected parts of the system
on each cceasion.

{iii} Compromise. In order not to deprive tha
users of the gystem for ienger than it
tokes to install a new software version,
revalidation may have to be carried ocut on
the development syatem., This may nob test
the system under operacigonal conditions and
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should non be permitted in the caze of a
safety-retated {or otherwise oritical)
systam,

Bevssts for Change

Frperience of the syatem leads ho requests faor
thanige te the existing functions and Facilities
and for previousiy unspecified ones. if each
tecreet 18 not specified completely, correctiy,
and  unambiguously, there exists the danger of
shortive work , inter disagreement, and
quality-related costs. Yatr, the
organisaticn way nobt be egquipped for continuous
speaification production.  Having prepared the
originsl specification (or not, as the case oy
ba), the staff ipvolved may have returned to other
duties. Developmant on the basis of verbal
specification is dangerous. The customer has a
duty to provide precige specifications, and the
developers have 3 duty not to schedule, sstimate,
or carcy out the wetk in thelr absence,

CUSTOomne f 8

Nature of Peliveriss

Delivaries should be planned.  Users sheuld e
imvolved in the planning so that they receive
their  highest-pricrity  ceguirements  figst,
understand  the teasons why they can’t qet
everything they want at the same cive, and hnow
what to expect and when to expect ib.  this
implies that the content of each delivery mst ba
precizely specified, the effort necessary to
achieve it estimsved, and the development and
tesiing controiled so that targets are pet.  an
advantage of incremental delivery is thag the
developers gain prestige by reqularly supplying
mew facilities to che users. However, prestige
can be lost if prowmizes are not kept.

The first delivery iz necessarily based on work
defined in the original specifisatien. However,
each delivery gives cise to demands from the vsers
for change or new features. And, often, these are
accarded a wvery high priority. Typically,
therefore, a delivery consists of both new
features and changes to the existing  systes.
Again it iz sephasised that eareful planning,
based o full specifications for all work, is
eggential.

Priovitising and Scheduling Wock

Az deliveries are made, users are often pore
anxicus to improve the ewisting funetions apd
Facilities thap they ate to veceive new ores,
Thus, as new requirements arise, the project

Tanager needs to engure a regular repriecitisation
of f{earures to be provided. This should ipvelve
both users and developers, aml achisves a humber
of objectives.

(i} It allows immediate use of feedback for
the improvemsmt of the system;
{143 It susures that ewch delivery is oprimal,
from the users! point of view;
(E54) it anables requirements which have baeen
superceded by requests for chunge o be
acknowledged as  being cobsolate, thus
helping the developers to aveld abortive
WLk
[iv} it brings key members of the project
tincluding users and developers) together
so that they can wunderstand each other’s
needs and problems, reach compromises
when tecessary, and  agree  on  comgoon
gualis,

It is assmed here that the project is managed
affectively and that the level and quniity of user
representation is such that there is an adequate
balance bDetwesn eatisfwipng che germine needs of
v users and meeving the objectives of the

busitess.
Feew  the developers’ point  of  view, few
requirements  and reprioritisacion results  in

rescheduling the contents of future delivercies.
And  this needs o be done without undue
disappeintment to end asers, who are wsually not
the final arbiters of priority. 7act ig needed by
the developers, who should also build a certain
flexibilivy inte vhe plang for future deliveries.

Controlling Changs

A major acdventage of incremencal delivery in that
it allows early feedback from users of the system.
Thiz leads to change, which is intendsd to pake
the system wsore sultable for the users’ needs.
However, as the previous paragraphs have shown,
change needs to be ammtrolled.  If it is ot
large mmbers of tedgquests for change (often
trivial, sometimes duplicated, asnd scmestimes one
superceding an esrller one), may gmuse project
timgsoales and ensts to spiral.  Control omeds to
be applied by bhaving formal methods for the
analysis and adjudication of requests for change,
obhjectives againgt which to jJudge the value of the
changes, the linking of all changes te the
original specification, prioritisation of work,
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and careful structuring of the development team.

Divelopment Team Structure

In spite of reprioritising work so as to
accmmmodate the users’ requests for change, the
management. of 4 business mey judge the smuccess of

the develdpmem": team by their progress against the
original specification and tha original plans. If
the estimaves and plane for the project are based
entirely on the original specification, the
project will be seen to slip as soon as Cecests
for change begin to arrive, Yer, a major
advantage of incremental delivery iz that it
attracts early requests for change.  Sa, platis
need to allew for the future divertion of offoct
to meeting requests for change, One way of Aoing
this is to plan normally up to the firse delivery,
and then to plan for only a part of the team to
emtinue development according to the original
fpecification, The optimum balanes is diffieyit
to achieve umtil the extent of the tequests for
chanye fis discoversd. Hewever, unless this
separation  is  made, eithar the ariginal
specification is adhered to and the benefit of
incremental delivery is last, or requesty  for
change dominate the work and control of the
project is lost {at least, a5 seen by genior
matiagenent ),

Having a fixed number of staff o requests for
change (by agresment with the groject manager and
users) facilitates accuracy of planning  the
delivery of mew requiresents and enrcuragey  the
wsers to prioritise their cequirsments. Yet, in
soie cages, this is not the whols answer. TIf new
work has a higher priority than the retuirements
in the original specificatiem, the new work should
take precedence. What suffers then is the image
of the development team, waless the senior
tanagenent  in  the husiness fully underscand
incrementatl delivery and iks implications,

Arceptuanioe Testing

Acceptance testing tequires the customer’s effort
in testing the system in varicus ways, including
under operational conditions. As in the cage of
System tevalidation, the usars do not want to lose
the use of the system, except for the shore
Periods necesssry for delivering a new version of
the softvare, Thus, in some cases, thers g
pressure from che users o carry out acceptanpe
testing on the develomment system.

There iz a tendency, however, for users to
Perceive aceeptance testing as being ocovpleted

when the first delivery is made. Afper that,
deliveries are seen as entirely the responsibi] ity
of the developers. Preparing an Acceptance tast
specification for every request for change iz not
trivial. A customer may not Have sdequate staff
for this, or may want to aveid the tagk.

In all cages, the developers must ensure that
there exists a precise specification for the
functions or changes being delivered, and that
this containg clear acceptance orikeria {as should
the original specification):; if the users will
not draft an acceptance-test spevification, the
developers most  be  confident  that system
revalidation provides an  adequate  level pf
confidence, not only in the new softwace, but also
in ite integeation with the existing operaticnal
Eystem,

Maintenarice

Traditionally, all changes made tp a system after
bringing it intoa secvice have been designated as
myintenance, When thers has been a need or degirs
to distinguish between fault eorrection and
external Ly-Lopcsed change, the

"corrective maintenance”, “perfeotive
myintenance”, and "adative maintenance” have pean
uged [SNANSCH 'T61.  However, BepArate onsktes have
net often been derived for thepe categories, and,
consequently, 2 gteat deal of development has bwen
carried out urdder the guise of maintenance.,

cAtegories

Swanson’s categories of maintenance are guitable
for a ayatem vhose development, is considered to
have been completed, which is wholly in serviee,
and  which s supported by & dacdicaesd
"maintenance” team,  However, while incremsntal
development is in progress, maintenance applieg
anly to the corxrectiom of  faults found in
increments already delivered. All other work is
development. Accurate project accounting depends
en  making this  distinction and an balng
disciplined in the appropriate tecording of time
spent. and costs incurred.

Develerment Twam fmace

A business can easily get a very distorted
impreseion of the progress of a prodject, against
both time and cost, wnless tha developers take
care to record and publicise true statistics.
Whan it comes down to i, a business is interegted
in a system becoming functional rather than in the
detzils of its development, Senior nanagenent ses
the =zystem as being developed within a project,
and they therefore aszsume that all the projecty
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fovecasts (budget, resources, time scale) apply to
the develoment of the complete system, However,

in ineremental delivery, there are 3 categories of
wWoTk.

(i} Development aceprding toe the origimal
speci ficatian, on which resource, cost,

aned time estimates were bhaged.

{(ii) Pevelopment according wa  retuests  for
change (REC) made after the specification
hsd been agreed and the projecy budget
authoriged, Typically, RFCE are for new
of  changed facilities net previously
specified, or for adaprive majintepsnoe,

(iii) Caorrective maintenance.

The Lirst and third of thess come under the
project budget. Yot, the second may give rlse o
a significant preportion (sometimes, the sajority)
af the develepmsnt vesm’s effort, onge the early
deliverjes have been made and are being used.
Unless the developmear team keeps accurate
reeords, to show that much of the work being done
ig cutside of the proiect dadger, if may b sesn
a3 not meering ibs targets.

Projet Manaosment

With proper use of bthe waterfall model, anly one
stage of a project can be gperative ar & time,
The project team thus works to one project plan
and  ane  stage plan, the flow of events s
secmential, and the complication of parelleiism
does not ogeur except in scheduling tasks within a
BLES,

With increments] delivery, thiz iz not the case.
When the first increment has been developed and
tested, it enters Sirst the Instailation Stage and
then the Operation (and Maintenpance) Stage.
Whereas mibgequent deliveries of software mey not
tormally pass  through  the  Installacion  Stags,
thereafter there will always be 3 concurrent

operative stages of the project, the Operation
Stage of the eristing system apd the Development
dtage of the future deliveries. As seen above,
this ceplicates planting and  configuravion
managemsnt, 4% well as project reporting and
control, In addition, there is the added preblem
of  eco-ordinating the feedback from users,
arranging for the regular priovitization of
requirements, handling the statistics concernirey
changes, and recording the effort amd cost
invaived in meeting new requiremsnts, The latter
is crucial, for project funding depends on it,

Being in two projeet stages  congurceatly  is
waveidable, and the  result ilg incressed
complexity in project managemsnt.

Budget

Difficultiss with the project Imdget heve been
mentioned in a musber of the above paragraophs.
The fact is that when incremental delivery is
used, this nesds to be taken inte aoccount when the
prodect  budget is  authorised. Just as the
original specification is not a reliable guide co
the eventual set of recuirements, S0 3 tudget
based on that specification is umlikely to be
adequate for the projest,  Both customers and
developars must endeavonmr bo  ensure  thar  all
effort is effectively used, for the fresdom
inherent in incrementsl delivery should net be
abwsed, but the principle of a changing bLudgst
naeds to be accepted as fundamental.  Howevet,
thia does aot mean carte blanche, A company
still has to ensure that a system’s cost dees npot
sxceed its value to the Msiness. Thus, jitial
eGtimating mast show with a high degree of
confidence that the total required budget will not
axceed & glven  mawisom. A guod  Initial

specification, a good understanding of the
system's  functions and  objectives, and  a
cengideration of the effort likely tn be needed
for chenges are necessacy for this.

DYSCUSSTION AND (ORNCLIIEIONS

This paper has reported on experience in tha use
of the incremental delivery of computer systems.
First, it pointed out that for any development
mxiel to be suscessful, a number of conditions
nead o be  flfiiled. These include good
strategic  planning,  specification,  softwacs
snginearing, Amd project management; and each of
these contains a wide range of topics. Hext, the
paper briefly confirmed sgoms of the advantages
claimed for ipcremesntal delivery.

Hewever, the prineipal aim of the paper was to
degeribe a mmber of preblems, or  potenkial
problems, which accompany incrementxl delivery and
wilch muse be overcome by developers and project
managers. These were explained under 17 headings.
Many of the problems are matvers of increased
cenplexity racher thas technical cbetacles, and
vequire discipiined mpanagement rather than new
tools or tethnidques. They are igsues which mist
be prepered for and dealt with rather than
avoided, and thiz paper is intended to alert
devalepers and project managecs to them. In many

casees, salutions were touebed on. in others,
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awarensss and understanding of the problem shoukd
be  guffieient to stimulate the
matagement regctions or precautions,

fecessary

In spite of these izsues, incremental delivery is
tecommented, partlculacly for large projects. The
most important point te note iz that eomtrol is
daificult but cozential, However,  incremental
delivery does not altogether replace the waterfall
model, The latter provides a  sopd,
straightforward set of principles which sghould be
adhered to in the development of each incremsnt,

Finally, it should be said that the experience
reported in this paper is derived from cacrying
it in-house development prodjects, I increpental
delivery is to be used in ¢optracted-out projects,
evell greater care wold need te be taken in
controlling requests for change ko the system.
Each request (except corrections) would be a
variation to the specification and would need to
b costed ad contracted for., The project genld
become a "time and materials” contract with an
uneemtrolled specification. However, it is felt

that most of the points made in this paper would
still be relsvant.
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