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ABSTRACT
In the beginning, so our myths and storiestell us, the program-
mercreatedtheprogramfrom theeternalnothingnessof thevoid.
Programsthesedaysarelike any otherassemblage.Programming
languagehasalways beenaboutreuse. Componentsthemselves
arenot themostimportantconsiderationfor reuse;it is thattheend
productis acomposition.Theissuesstill involvevalue,investment,
andreturn. In otherwords: pervasive reusepromotesa changein
themethodof constructionof theprogram,andin theprogramit-
self.
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D.2.13[ReusableSoftware]: Reusemodels

GeneralTerms
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1. PROGRAMMING
In thebeginning,soour mythsandstoriestell us, theprogram-

mercreatedtheprogramfrom theeternalnothingnessof thevoid.
Whetherit is Stallmantyping teco macrosand wearingout the
shift keys; Chuck Moore typing backwards at Kitt Peak; Gold-
berg, Deutsch,Robsonet. al. in the parclandsof California; billg
hunchedoverAllen'sAltair emulator;Bill Joy'sVAX crashingand
deletingvi multibuffer supportfor thenext tenyears;Gabrieldoing
TheRightThingatLucid; Larry Wall doingwhatever: tsall good.

All of our subtribeshave programmerheros:wearingtramping
bootsin themachineroomandnevereatingquiche.Mythic �gures
whobestrodetheearthin thebeginning.But wearenolongerin the
beginning,andprogrammersnolongerwrite programsliketheDon
Knuth of our fables— typing all thesourceof TEX from memory
into asingleteletype,compilingwithoutany syntaxerrors,printing
TheArt of ComputerProgrammingfrom that�rst binary.

Programsthesedaysarelikeany otherassemblage— �lms, lan-
guage,music,art, architecture,writing, academicpaperseven —
a carefulcollectionof preexisting andnew components(if we had
themoney andcouldafford them)piecedtogethernot to tell some
overwhelmingstory, but to getthejob done,meetthedeadline,get
paidandgo home.
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Figure 1: Name Story — This essayconcerns components,
reuse,value, and beauty. All photographs were taken at No
NameBuilding Recyclers,Wellington, NewZealand,with their
kind permission.

Thegoals,thestepwisere�nements,thestructurecharts,theUni-
�ed Modelling Languagediagrams,theproblems,thesolutions—
althoughthey maybeobviousat thestart— soonsplinterandfrag-
ment becausethe programis no longer one granddesign,but a
whole seriesof little stories,userstorieseven, little parts,pieces,
components,objects,classes,�les, modules,load-timeobjects,run-
time checks,aspects,subjects,packages,assemblies,bat �les, dot
�les, app�les, somelarge,somesmall,somethingold, something
new, somethingborrowed,somethingblue,sometyped,somegen-
erated,somestolen,somebought,somecruftedtogetherautomat-
ically by emacsmacros,somedownloadedfrom Google, some
from anexpensive framework library givenawayfreewith aboxof
breakfastcereal,somelarger, somesmaller, andtheonly common-
ality beingtheir lack of commonality, lack of anything thatmarks
themasbeingpartof theprogramexcepttheindisputablefact that
if you deleteany oneof themtheprogrammight stopworking.

Number One: EveryNumberOnesongever written is only made
up from bits from othersongs.Thereis no lost chord. No
changesuntried. No extra notesto thescaleor hiddenbeats
to thebar. Thereis no point in searchingfor originality.
—JimmyCaultyandBill Drummond,TheManual[5]

2. KNUTH

The most importantlessonI learnedduring that past
nineyearsis thatsoftware is hard; andit takesa long
time. From now on I shall have signi�cantly greater
respectfor every successfulsoftware tool that I en-
counter. My originalplanwasto spendoneyearwork-
ing on algorithmsfor typography;but thatwasin the



springof 1977,andI soonfoundthatmuchmorework
would be neededto �nish the job. Even so, if my
healthcontinuesto begood,I think it will turnout that
thosenine yearswere not wasted,becausethey will
have improved my ef�ciency enoughthat I' ll be able
to recover thetimeduringthenext decadeor so.Most
importantly, thosenine yearsweresurelynot wasted,
becauseI learnedanenormousnumberof thingsthat
will “feed” thetheoreticalwork thatI do in thefuture.

. . .

The amountof technicaldetail in largesystemis one
thing that makesprogrammingmoredemandingthan
book-writing. Anotheris thatprogrammingdemands
a signi�cantly higherstandardof accuracy. Programs
don't simplyhave to make senseto anotherhumanbe-
ing, they mustmakesenseto acomputer. For example,
I write theentireTEX compileranddesk-checkedit be-
fore I did any debuggingon a machine.At thatpoint
I had in my handsa documentof some500 pages,
containingthe programand an informal proof of its
correctness.If I hadsubmittedtheprogramto human
refereesfor veri�cation, they would presumablyhave
founda few problemsthatcouldreadilybe�x ed,after
which I might have publishedmy programasa theo-
reticaldemonstrationthat “thereexistsa way to com-
pile TEX.” But of coursethe computerwas a much
sternertaskmasterthanany humanrefereeswould be;
thereforeI hadto spendanother� vemonthsof intense
activity beforemy programactually ran well enough
for meto believe thatit did theright things.

(Chapter9, TheoryandPracticeIII)

One of the main reasonsI' ve chosento speakabout
TheoryandPracticethis morningis thatI' ve spentthe
past12yearsworkingonaprojectthathasgivenmean
unusualopportunityto observe how theoryandprac-
tice supporteachother.

. . .

What werethe lessonsI learnedfrom so many years
of intensive work on the practicalproblemof setting
typeby computer?Oneof themostimportantlessons,
perhaps,is the fact that SOFTWARE IS HARD. From
now on I shall have signi�cantly greaterrespectfor
everysuccessfulsoftwaretool thatI encounter. During
thepastdecadeI wassurprisedto �nd thatthewriting
of programsfor TEX andfor METAFONT proved to
be muchmoredif�cult thanall theotherthingsI had
done(like proving theoremsor writing books).

(Chapter10,TheoryandPracticeIV)

— Donald E. Knuth, SelectedPapers on Computer
Science[16]

101-ISM: Thetendency to pickapart,oftenin minutedetail,all as-
pectsof life usinghalf-understoodpoppsychologyasa tool.
— DouglasCoupland,Generation X [9]

Figure 2: Sink Story 1 — Thesecomponentsare easily recog-
nisable,but note they are kept in pairs becauseuserstypically
want to acquire matchedpairs.

Figure 3: Sink Story 2 — Other componentsare lessrecog-
nisable,but play important rolesin creating larger assemblies,
and knowledgeableusersmay combinethem asappropriate.

3. CONSTANTINE

Werecyclesomany things,from grocerybagsto toner
cartridges,why not recycle code?Why not reusede-
signsandmodelsratherthanalwaysstartingfromscratch?
The rewards of reuseseemto be enormous. What
codeis cheaperto write thancodeyou don't have to
write at all? With higherlevelsof reusesupportedby
largercomponentlibraries,we might doubleor triple
effective productivity. All we have to do is changethe
wholecultureof softwaredevelopmentandmaybethe
personalitiesof programmers.

Reuseis hardlya new idea.Thelowly subroutinewas
conceivedsothatthesameinstructionsdid nothave to
be written out eachtime a particularcalculationwas
needed.

Then,what is theproblem?Unfortunately, mostpro-
grammersliketo program.Someof themwouldrather
programthaneator bathe.Most of themwould much
rather cut code than chasedocumentationor search
catalogsor try to �gure out someother stupid pro-
grammer's idiotic work. Softwaredevelopersdevelop
things;usersusethem.Otherthingsbeingequal,pro-
grammersdesignand build from scratchratherthan
recycle.

. . .

Reusablecomponentlibrarieshavebeenaroundfor al-
mostaslongaspeoplehavebeenprograming.The�rst
to yield to reuseweremathroutines,followedsoonby
input-output.Exceptfor thesheerjoy or perversityof
doingit, no applicationsor tool developerwritestheir
own sine-cosineroutinesanymore.

. . .



If it takesthetypicalprogrammermorethan2 minutes
and27 secondsto �nd something,they will conclude
it doesnotexist andthereforewill reinventit.

. . .

Thepayoff is �nding thecomponentyouneedin area-
sonabletime and then �nding that it can be readily
usedor adaptedfor youruse.Every timethishappens,
you arebeingreinforcedfor it. The habit of initially
consultingthelibrary or repositorybecomesingrained
without beingtied to increasingthe numberof green
stampsyou getor your quarterlycodebonus.

— LarryL. Constantine,ThePeoplewarePapers: Notes
on theHumanSideof Software [6](pp. 141–145)

4. COOPER

Theprimarysideeffect of codereuseis thatlargepor-
tionsof mostprogramsexist notbecausesomeinterac-
tion designerwantedthemto exist, but becausesome
other programmeralreadydid the work on someone
else's budget. Much of the software that we interact
with existsfor thesolereasonthatit existedbefore.

. . .

A fascinatingaspectof the imperative to reusecode
is thewillingnesswith which programmerswill adopt
code with a questionablepedigree. Someinexperi-
encedprogrammerwill hack out the �rst interaction
ideathatpopsinto his head,but onceit is written, that
pieceof codebecomesthebasisfor all subsequentef-
forts becauseit is soaggressively reused.

In Windows, for example,thereally experiencedpro-
grammersbuilt theinternalprocessingof theoperating
system,but the �rst sampleapplicationsthat showed
third-party developershow to communicatewith the
userwerewritten by a successionof summerinterns
and junior codersat Microsoft. The Windows inter-
nalcodehasbeenupgradedandrewrittenoversix ma-
jor releases,and it hassteadilyimproved. However,
an embarrassinglylarge numberof popularapplica-
tions have in their heartslong passagesof program
codewritten by 21-year-old undergraduatesspending
a summerin Redmond.Thesameis truefor theWeb.
Amateurexperimentershackedout the�rst Websites,
but thosewho followed clonedthose�rst sites,and
their siteswereclonedin turn.

As you cansee,thereis a clearcon�ict of interestbe-
tweenwhat the userneedsandwhat the programmer
needs.We anticipatecon�ict of interestin countless
activities andprofessions,andwe have built in safe-
guardsto curbits in�uence. While judgesandlawyers
have skills in common,we never let lawyersadjudi-
cate their own cases. We never let basketball play-
ersrefereetheir own basketball games.The con�ict-
ing interestsareclearlyvisible,yetwe consistentlylet
programmersmakedesigndecisionsbasedonpersonal
implementationconsiderations.

— Alan Cooper, TheInmatesare RunningtheAsylum
[7](pp.106–108)

Figure 4: Sink Story 3 — Lar ge components may be ac-
quir ed separatelywithout any additional related components
included.

5. GATES

INTERVIEWER:In a company like Microsoft, where
you have 160programmers,how do yougo aboutcre-
atinganenvironmentwhereyou candevelopsuccess-
ful programs?

GATES:Oneway is to have smallprojectteams,typ-
ically four or � ve people,andoneof thosepeoplehas
to have theproven ability to really absorba program.
And whenthat leadpersonis uncertainaboutsome-
thing, heor sheshouldbeableto discussit with even
moreexperiencedprogrammers.

Partof ourstrategy is gettingtheprogrammersto think
everythingthroughbeforethey goto thecodingphase.
Writing thedesigndocumentsis crucial,becausea lot
of simpli�cation comeswhen you seeproblemsex-
pressedasalgorithms.They're kind of in thesmallest
form then,whereyou canseewhattheoverlapis.

Anotherimportantelementis codereview, makingsure
youlook throughthecodeandseeif seniorpeoplecan
provide hintsabouthow to do somethingbetter. And
you have to review similar projectsthathave gonesu-
per, super, well; programmerscanlook at how those
otherpeopleperformedpreviously, andgetideasfrom
other projectsabouthow to improve their own pro-
gram.

— Bill Gatesinterviewed by SusanLammers,Pro-
grammers at Work [18](p. 74)

CANNIB ALIZE 1. To take salvageablepartsfrom (asa disabled
machine)for usein building or repairinganothermachine.
. . .3. To useor drawn on materialof (asanotherwrite or
anearlierwork) [a volume. . . thatononly —spreviouspub-
lications but is intendeditself to be cannibalized— R.M.
Adams]. 4. To make useof (a part take from onething) in
building or repairingsomethingelse.



Figure 5: Sink Story 4 — Alter natively, largecomponentsmay
be acquired with additional matching components included
and alreadyassembled.

Figure 6: Sink Story 5 — Entir e packagesof componentsare
alsoavailable with all relatedcomponentsincluded and assem-
bled, readyfor installation.

Webster'sNinth New CollegiateDictionary(Spring�eld, Mass.:
Merriam-Webster, 1990).QuotedbyRemKoolhaasandBruce
Mau, in S,M,L,XL[17]

6. LANGUAGE
Programminglanguagehasalwaysbeenaboutreuse.
A computerprogramme,like a concertprogramme,might con-

sistof a singlesequence.But from theearliestexperienceof pro-
gramming,we madeup languageto make programmingeasierby
supportingreuse.

Selectionanditerationallow instructionsto bereused,executed
againwithout re-speci�cation,subjectto varying conditions. A
storedprogramcomputerallows a computerprogramto be spec-
i�ed once,andthenstoredfor lateruseandreuse.

Proceduresallow a body of instructionsto be namedandthen
reusedfrom differentcontexts. Procedureparametersallow abody
of instructionsto becustomisedto suittheneedsof differingcalling
contexts. Proceduralencapsulationallows proceduresto bereused
without regardto their implementation.

Recordsallow datastructuresto be namedand then reusedto
specifydifferentdatawith thesamestructure.

Classesandobjectsallow datastructuresto beboundwith proce-
duresthatusethem,sothatbothdataandprocedurescanbereused
together. Encapsulationof clasessandobjectsmeansthey canbe
reusedaccordingto their speci�cation,andwithout regardto their
implementation.

Typesallow checkingthespeci�cationof namesandtheir later
useandreuseto determineif theuseor reuseis appropriate.

Late binding of procedurenamesallows calling contexts to be
reusedby calling differentbodiesof instructionsin different cir-
cumstances.Latebindingof classor objectnamesallows thecon-
textual frameworksto bereusedby workingdatastructurewith dif-
ferentimplementationandbehaviour.

And macros,andgenerators,andaspects,andso on. Program-
ming languagehasalwaysbeenaboutreuse;programswork in this

Figure7: Window Story 1 — Lar gecompositecomponentsare
available readyto install, thoughsomeadjustmentsmay benec-
essaryto achieve the desiredresult.

way. Softwarewantsto bereused.

7. LOVELA CE

Thosewho may desireto study the principlesof the
Jacquard-loomin themosteffectualmanner, viz. that
of practicalobservation,haveonly tostepinto theAde-
laideGalleryor thePolytechnicInstitution. In eachof
thesevaluablerepositoriesof scienti�c illustration, a
weaver is constantlyworking at a Jacquard-loom,and
is readyto giveany informationthatmaybedesiredas
to theconstructionandmodesof actingof his appara-
tus. The volumeon the manufactureof silk, in Lard-
ner's Cyclopædia,containsa chapteron theJacquard-
loom,whichmayalsobeconsultedwith advantage.

Themodeof applicationof thecards,ashithertoused
in the art of weaving, wasnot found, however, to be
suf�ciently powerful for all the simpli�cations which
it was desirableto attain in suchvaried andcompli-
catedprocessesasthoserequiredin orderto ful�l the
purposesof anAnalytical Engine. A methodwasde-
visedof what wastechnicallydesignatedbackingthe
cardsin certaingroupsaccordingto certainlaws. The
objectof this extensionis to securethe possibility of
bringingany particularcardor setof cardsinto useany
numberof times successively in the solution of one
problem.Whetherthispower shallbetakenadvantage
of or not, in eachparticularinstance,will dependon
thenatureof theoperationswhich theproblemunder
considerationmay require. The processis alludedto



Figure 8: Window Story 2 — Also, smaller sub-components
are available for assemblyinto compositestructur es.Note that
thesecomponentsarepresentedin a way soasto assistthe user
in locating and selectingthe correct item.

by M. Menabrea,andit is a very importantsimpli�ca-
tion. It hasbeenproposedto useit for the reciprocal
bene�t of thatart, which, while it hasitself no appar-
ent connexion with the domainsof abstractscience,
hasyet proved so valuableto the latter, in suggesting
theprincipleswhich, in their new andsingular�eld of
application,seemlikely to placealgebraicalcombina-
tionsnot lesscompletelywithin theprovinceof mech-
anism,thanareall thosevariedintricaciesof whichin-
tersectingthreadsaresusceptible.By theintroduction
of thesystemof backinginto theJacquard-loomitself,
patternswhich shouldpossesssymmetry, and follow
regular laws of any extent,might bewovenby means
of comparatively few cards.

Thosewho understandthe mechanismof this loom
will perceive that theabove improvementis easilyef-
fected in practice,by causingthe prism over which
thetrainof pattern-cardsis suspendedto revolveback-
wardsinsteadof forwards,at pleasure,underthe req-
uisite circumstances;until, by so doing, any partic-
ular card, or set of cards,that has done duty once,
and passedon in the ordinary regular succession,is
broughtbackto thepositionit occupiedjust beforeit
wasusedtheprecedingtime. Theprismthenresumes
its forwardrotation,andthusbringsthecardor setof
cardsin questioninto playasecondtime. Thisprocess
mayobviously berepeatedany numberof times.

— AugustaAda King, Countessof Lovelace,Anno-
tated translation of Sketch of the Analytical Engine
Inventedby CharlesBabbage, by L. F. Menabrea of
Turin, Of�cer of theMilitary Engineers [8](NoteC)

NOW DENIAL: To tell oneselfthattheonly time worth living in
is thepast,andthattheonly timethatmayeverbeinteresting
againis thefuture.
— DouglasCoupland,Generation X [9]

8. TURING

Outlineof LogicalControl

We alsowish to beableto arrangefor thesplitting up
of operationsinto subsidiaryoperations.This should
bedonein sucha waythatoncewehavewrittendown

Figure 9: Window Story 3 — The repository also stores
reusableelementsneededto built components.Theseare typi-
cally not available to users,but are recovered and retainedby
the repositorymanagementto facilitate creationof components
suitable for users.



how anoperationis donewe canuseit asa subsidiary
to any otheroperation.

. . .

Whenwe wish to start on a subsidiaryoperationwe
needonly make a noteof wherewe left off the ma-
jor operationandthenapplythe�rst instructionof the
subsidiary. When the subsidiaryis over we look up
thenoteandcontinuewith themajoroperation.Each
subsidiaryoperationcanendwith instructionsfor this
recovery of thenote.How is theburying anddisinter-
ring of thenoteto bedone?Thereareof coursemany
ways.Oneis tokeepalist of thesenotesin oneormore
standardsizedelaylines (1024),with themostrecent
last. The positionof the mostrecentof thesewill be
kept in a �x edTS,andthis referencewill bemodi�ed
everytimeasubsidiaryis startedor �nished. Thebury-
ing anddisinterringprocessesarefairly elaborate,but
thereis fortunatelyno needto repeatthe instructions
involved,eachtime, theburying beingdonethrougha
standardinstructiontableBURY, andthe disinterring
by thetableUNBURY.

— Alan Turing,ProposedElectronicCalculator[33]

9. WILKES, WHEELER, AND GILL

ClosedSubroutines

A “closed” subroutineis onewhich is calledinto use
by aspecialgroupof ordersincorporatedin themaster
routineor mainprogram.It is designedsothatwhenits
taskis �nished it returnscontrol to themasterroutine
at a point immediatelyfollowing from that which it
wascalledin.

— MauriceV. Wilkes,David J. WheelerandStanley
Gill, ThePreparationsof Programsfor An Electronic
Computer:With specialreferenceto the EDSAC and
theuseof a library of subroutines[35]

As soonastheEDSAC beganto work I calleda meet-
ingof thoseinterestedin developmentof programming
methods— it wouldhave beenprematureto call them
programmers— and we constitutedourselves into a
committeeto establisha library of suchsubroutinesin
orderthatevery usershouldnot have to startfrom the
bottom.At �rst wethoughtof thelibrary ascontaining
subroutinesof thetypejustmentionedandsubroutines
for the computationof elementaryfunctions; later it
becameclearthat it couldbe expandedin variousdi-
rections,notablyby inclusionof subroutinesfor per-
forming someof thestandardoperationsof numerical
analysis.It wassoclearto methatwe shouldbaseour
systemof programmingonalibrary of subroutinesthat
I wassomewhatsurpriseda few yearslaterto �nd that
noteveryonehadgonethis way.

— MauriceV. Wilkes,Memoirs of a ComputerPio-
neer[34]

10. NYGAARD AND DAHL

Thesyntaxfor this new languagefeaturewaseasyto
�nd. The“links” couldbedeclaredseparately, without
any informationabouttheotherprocessclasseswhich

use link instancesas a pre�x layer. Since the pro-
cessesof theseotherprocessclasseswereat thesame
time both “links” andsomethingmore,it wasnatural
to indicatethisby textually pre�xing theirdeclarations
with theprocessclassidenti�er of this commonprop-
erty, namely“link”. Theseprocessclasseswould the
be“subclasses”of “link”.

It wasevident that whenpre�xing was introduced,it
could be extendedto multiple pre�xing, establishing
hierarchiesof processclasses.(In theexample,“car”
would bea subclassof “link”, “truck” and“bus” sub-
classesof “car”.) It wasalsoevident that this “con-
catenation”of a sequenceof pre�xeswith a mainpart
couldwell beappliedto theactionpartsof processes
aswell.

Usuallya new ideawassubjectedto ratherviolent at-
tacksin otherto testits strength.Thepre�x ideawas
the only exception. We immediatelyrealisedthat we
now had the necessaryfoundationfor a completely
new languageapproach,and in the dayswhich fol-
lowedthediscovery we decidedthat:

1. We would designa new generalprogramming
language,in termsof which an improved SIM-
ULA I couldbeexpressed.

2. Thebasicconceptshouldbeclassesof objects.

3. Thepre�x feature,andthusthesubclassconcept,
shouldbea partof thelanguage.

4. Direct,quali�ed referencesshouldbeintroduced.

— KristenNygaardandOle-JohanDahl,Thedevelop-
mentof theSIMULAlanguages[24]

11. PARNAS

In discussionsof systemstructureit is easyto confuse
the bene�ts of a gooddecompositionwith thoseof a
hierarchicalstructure.Wehaveahierarchicalstructure
if a certainrelationmaybede�ned betweenthemod-
ulesor programsandthatrelationis apartialordering.
The relationwe areconcernedwith is “uses” or “de-
pendsupon.” It is betterto usea relationbetweenpro-
gramssincein many casesonemoduledependsupon
only part of anothermodule(. . . ). It is conceivable
that we could obtain the bene�ts that we have been
discussingwithout sucha partial ordering,e.g. if all
the moduleswereon the samelevel. The partial or-
deringgivesus two additionalbene�ts. First, partsof
thesystemarebene�ted(simpli�ed) becausethey use
theservicesof lower levels.Second,weareableto cut
off theupperlevels andstill have a usableanduseful
product.For example,thesymboltablecanbeusedin
otherapplications;the line holdercould be the basis
of a questionansweringsystem.Theexistenceof the
hierarchicalstructureassuresus that we can“prune”
off theupperlevelsof the treeandstarta new treeon
the old trunk. If we haddesigneda systemin which
the “low level” modulesmadesomeuseof the “high
level” modules,we would not have thehierarchy, we
would �nd it muchharderto remove portionsof the
system,and“level” would not have muchmeaningin
thesystem.



. . .

Wehave triedto demonstrateby theseexamplesthatit
is almostalwaysincorrectto begin thedecomposition
of a systeminto moduleson the basisof a �o wchart.
We proposeinsteadthatonebegins with a list of dif-
�cult designdecisionsor designdecisionswhich are
likely to change. Each module is then designedto
hide sucha decisionfrom the other. Since, in most
cases,designdecisionstranscendtime of execution,
moduleswill notcorrespondto stepsin theprocessing.
To achieve anef�cient implementationwe mustaban-
dontheassumptionthata moduleis oneor moresub-
routines,andinsteadallow subroutinesandprograms
to beassembledcollectionsof codefrom variousmod-
ules.

— David Lorge Parnas,On the criteria to be usedin
decomposingsystemsinto modules[25]

12. LISK OV AND ZILLES

What we desirefrom an abstractionis a mechanism
which permits the expressionof relevant detailsand
thesuppressionof irrelevantdetails.In thecaseof pro-
gramming,theusewhich maybemadeof anabstrac-
tion is relevant; the way in which the abstractionis
implementedis irrelevant. If weconsiderconventional
programminglanguages,we discover thatthey offer a
powerful aid to abstraction:thefunctionor procedure.
Whena programmermakesuseof a procedure,he is
(or shouldbe) concernedonly with what it does—
whatfunctionit providesfor him. He is notconcerned
with the algorithmexecutedby the procedure.In ad-
dition, proceduresprovide a meansof decomposinga
problem— performingpartof the programmingtask
inside a procedure,and anotherpart in the program
which callstheprocedure.Thus,theexistenceof pro-
ceduresgoesquitefartowardcapturingthemeaningof
abstraction.

Unfortunately, proceduresalonedo not provide a suf-
�ciently rich vocabulary of abstractions.Theabstract
dataobjectsandcontrolstructuresof theabstractma-
chinementionedabove arenot accuratelyrepresented
by independentprocedures.Becausewe areconsider-
ing abstractionin the context of structuredprogram-
ming,we will omit discussionof controlabstractions.

Thisleadsusto theconceptof abstractdatatypewhich
is centralof the designof the language.An abstract
data typede�nes a classof abstractobjectswhich is
completelycharacterizedby the operationsavailable
on thoseobjects.Thismeansthatanabstractdatatype
can be de�ned by de�ning the characterizingopera-
tionsfor thattype.

We believe that the above conceptcapturesthe fun-
damentalpropertiesof abstractobjects. Whena pro-
grammermakes useof an abstractdataobject,he is
concernedonly with the behaviour which that object
exhibitsbut notwith any detailsof how thatbehaviour
is achieved by meansof an implementation.The be-
haviour of anobjectis capturedby thesetof character-
izing operations.Implementationinformation,suchas
how theobjectis representedin storage,is only needed

whende�ning how thecharacterizingoperationsareto
beimplemented.Theuserof theobjectis not required
to know or supplythis information.

— BarbaraLiskov andStephenZilles, Programming
with abstract datatypes, [19]

13. JOHNSON AND FOOTE

Oneof the most importantkinds of reuseis reuseof
designs.A collectionof abstractclassescanbe used
to expressan abstractdesign. The designof a pro-
gram is usually describedin termsof the program's
componentsandthe way they interact. For example,
a compilercanbedescribedasconsistingof a lexer, a
parser, asymboltable,a typechecker, andacodegen-
erator. An object-orientedabstractdesign,alsocalleda
framework, consistsof anabstractclassfor eachmajor
component.The interfacesbetweenthe components
of thedesignarede�ned in termsof setsof messages.
Therewill usuallybe a library of subclassesthat can
beusedascomponentsin thedesign.

. . .

Frameworksareusefulfor reusingmorethanjustmain-
line applicationcode. They canalsodescribetheab-
stractdesignsof library components.The ability of
frameworks to allow the extensionof existing library
componentsis oneof theirprincipalstrengths.Frame-
works are more than well written classlibraries. A
goodexampleof asetof library utility classde�nitions
is the Smalltalk Collection hierarchy. Theseclasses
provide ways of manipulatingcollectionsof objects
suchasArrays,Dictionaries,Sets,Bags,andthe like.
In a sense,thesetoolscorrespondto thesortsof tools
onemight�nd in thesupportlibrary for aconventional
programmingsystem. Eachcomponentin sucha li-
brary canserve asa discrete,stand-alone,context in-
dependentpartof a solutionto a largerangeof differ-
ent problems. Suchcomponentsare largely applica-
tion independent.A framework, on theotherhand,is
anabstractdesignfor a particularkind of application,
and usually consistsof a numberof classes. These
classescan be taken from a classlibrary, or can be
application-speci�c. Frameworks canbe built on top
of otherframeworksby sharingabstractclasses.

. . .

Frameworksprovide a way of reusingcodethat is re-
sistantto more conventional reuseattempts. Appli-
cation independentcomponentscan be reusedrather
easily, but reusingtheedi�ce thattiesthecomponents
togetheris usuallypossibleonly by copying andedit-
ing it. Unlike skeletonprograms,which is theconven-
tional approachto reusingthis kind of code, frame-
works make it easyto ensurethe consistency of all
componentsunderchangingrequirements.Sinceframe-
worksprovide for reuseat the largestgranularity, it is
no surprisethata goodframework is moredif�cult to
designthana goodabstractclass.Frameworkstendto
beapplicationspeci�c, to interlock with otherframe-
worksby sharingabstractclasses,andto containsome
abstractclassesthatarespecializedfor theframework.



Figure 10: Window Story 4 — The repository will userecov-
ered componentsto assemblecompositecomponentssuitable
for users. Sometimesthe repository will also incorporate new
componentsaswell.

Designingaframework requiresagreatdealof experi-
enceandexperimentation,just like designingits com-
ponentabstractclasses.

— RalphE.JohnsonandBrianFoote,Designingreusable
classes[14]

14. COMPOSED SOFTWARE

“One thing canbestatedwith certainty: components
are for composition.”

— ClemensSzyperski,IntroductiontoComponentSoft-
ware — BeyondObject-OrientedProgramming[31]

This is true:componentsarecertainlyfor composition;they may
evenbethebestthingsto compose;but they arenot theonly things

Figure 11: Window Story 5 — Complete compositecompo-
nentsareofferedreadyfor usersto install. Notethat suchcom-
ponents may have important and distinctive features, and so
they are displayed prominently to make thesefeaturesevident
to potential users.

thatcanbecomposed;andthey arenot theonly thingsto consider
whenthinkingaboutsoftwarereuse.

Componentsthemselvesarenot the most importantconsidera-
tion for reuse;nor is theprocessof composingthingstogetherthe
mostimportantconsideration:rather, it is thattheendproductis a
composition, thatis, somethingthatis madeupof many things,not
just onething.

But `Components'arenot theonly thingsthatarecomposed.By
`Components'(with the capital`C' andthe invertedcommas)we
meanmodern,object-oriented/component-orientedunits of soft-
warethathavebeenspeciallydesignedto becomposed,thatideally
arespeci�ed,abstracted,reliable,trustable,binary, marketable,and
above all, substitutable,fungible.

Focusingon software compositions— on the ComposedSoft-
ware that is the end productof a compositionprocess— shows
that it is madeup of morethanjust theseidealised'Components'.
Someof the softwarewill be old softwaremadenew, born again,
changedandbrokento becomepartof anew creation.Someof the
softwarewill befreshlywrittento provideimportantnew behaviour
or meetcritical quality requirements.Someof thesoftwarewill be
mundane,egoless,gluecode,writtenor stolenor grown to tie other
piecestogetherbut providing no behaviour or qualitiesof its own.
And, yes, someof the software will be shiny, new, modern,en-
capsulatedcomponents,purchasedfrom aperfect-boundwebpage
catalogue,printedon glossypaperdecoratedwith happy pictures
of imaginaryprogrammersfrom centralcasting,cavorting on their
daysoff.

In the traditionsof Saussure,structurallinguistics, semiology,
semiotics,we can considerartifactsto be constructedalong two
dimensionsor axes: theaxis of combination(technicallythesyn-
tagm), and the axis of selectionor substitution(technically the
paradigm).Theaxisof selectiongivesa menuof choices— com-
ponentsthatcanbemadevisible in catalogues— thatcanbecon-
sultedduring the compositionprocess.The axis of combination
gives the structureof the endproduct— the composedsoftware



in this case— but is visible only whenthecompositionprocessis
complete.

Traditionalsoftwarecomponentryfallsontheparadigmaticaxis:
programmersselectcomponentsto composeinto theirprograms.In
Visual Basic,for example,the VBX market includedmany small
vendorsselling slightly different versionsof scrolling table con-
trols: a programmercouldchooseone,incorporateit into thepro-
gram,andsubstitutea differentcomponentshouldthe �rst prove
inappropriate.

On the otherhand,lesstraditional(but moresuccessful)forms
of softwarecomponents,suchassoftware frameworks, program-
minglanguages,andmiddlewareinfrastructures,fall onthesyntag-
maticaxis. ConsideringVisualBasicitself, theMicrosoft Founda-
tion Classes,J2EE,eachof theseframeworksestablishesthe form
of a singlesyntagm— all the programsbuilt using theseframe-
works have thesameunderlyingstructure.This kind of reusehas
beenclassi�ed as context reuse, to distinguishit from the tradi-
tionalcomponentreusetechnologies[3]. Within suchaframework,
developerscanparadigmaticallysubstitutetheir own components,
choosecomponentssuppliedfree with the frameworks, or obtain
from outsidesuppliers— but, theframework itself setstheoverall
shapeandtoneof thesoftware.

In software,successfulsyntagmaticcomposition— context reuse
resultingin ComposedSoftware— providesmuchmorevaluethan
paradigmaticselection– componentreuseof software `Compo-
nents'. Doesthis mean`Components'areworthless?Of course
not! You cannotcomposesoftwarewithout anything to compose:
youmusthavesomeassetsbeforeyoucanleveragethemtoproduce
somethingnew. But ComposedSoftwareis composedfrom many
thingsmorethanjust`Components'.Thesurplusvalueof acompo-
sition lies in theendproduct— thevalueof thewholecomposition
mustsurpassthecostof theparts— or thereis noeconomicbene�t
to compositionor reuse.The focuson `Components',then,from
McIlroy [21] via CoxCox:Planning:1990to Szyperski[31], is fun-
damentallymistaken. Whatwe areinterestedin, wherethemoney
is, is ComposedSoftware,not softwarecomponents.

101-ISM: Thetendency to pickapart,oftenin minutedetail,all as-
pectsof life usinghalf-understoodpoppsychologyasa tool.
— DouglasCoupland,Generation X [9]

15. DEVELOPMENT
In traditionalsoftwaredevelopment,thecustomeris absentafter

initial determinationof requirements.Accordingly, thedevelopers
assuppliersareleft having to makemany decisionsfor themselves.
Thecustomerwaitsfor theresult.

Thiscancreateall kindsof problems,asthedevelopersmaymis-
interpretthecustomerintentionsandsupplyfunctionalitythatisnot
needed,or not supplyfunctionalitythatis needed.

Beck's ideasfor ExtremeProgramming(XP) [2] addressissues
in softwaredevelopment,andin particularconcerntherelationship
betweena teamsupplyingsoftwareto a customer. As part of the
processin XP, Beck emphasisesan “on-site customer”,wherea
representative of thecustomeris directlyavailablefor consultation
andnegotiationwith thedevelopmentteam.

In softwarereuse,theissuesinvolvetherelationshipbetweentwo
softwaredevelopers:oneactingassupplierandtheotheractingas
customer. In reuse,it is thesupplierwho is typically absent.Ac-
cordingly, it is thecustomerdeveloperwho is left having to make
many decisionsfor themselves. This alsocancreateproblems,as
the customerdevelopermay misinterpretthe supplier intentions,

Figure 12: Door Story 1 — Most componentsare presented
in categoriesso as to enablethe user to locate desired compo-
nents quickly. The common categoriesare �rstly usage,and
then style.



Figure13: Door Story 2 — Somecomponentsaredistinguished
becausethey are superior in quality and distinctive in design.
Theseare presentedseparately, �rstly to display their quality,
and secondlybecausetheir design often features unique sub-
componentswhich are bestkept assembledtogether. Note that
the special display assistsusers to locate distinctive compo-
nents, and assiststhe repository to encourageadoption of the
high value components.

Figure14: Door Story 3 — Standard componentsaredisplayed
to facilitate quick selectionof candidatecomponents.The key
to this processis the indexing information that is displayed
prominently on eachcomponent. Somecomponentshave spe-
cial featuresindicated with diagrams.

andmaydecidefunctionality is presentwhenit is not, or mayde-
cidefunctionalityis not presentwhenit is.

Theproblemis theinverseof theoneaddressedin XP: theprob-
lem is theoff-site supplier, andtherehasbeenmuchconsideration
of what to do. It turnsout therearemany reasonsfor failure. And
asour technologyhasimproved,we have succeededin somemea-
sure,but thende�ned theproblemin anever narrower way. As we
have succeededin softwarereuse,so the phrase“softwarereuse”
hascometo referto thoseevensmallerwaysin which wefail.

Many of theissuesthatremainareeconomicandorganisational.
Wider economicpracticeregardsbringing togethersuppliersand
customersasa seriousconcern,andoffersusa varietyof strategies
to consider. For example,wemightadoptcentralisedplanningand
management.Alternatively, we might facilitatea marketplace.For
suppliersandcustomers,the issuesstill involve value,investment,
andreturn.

16. SCHMIDT

Why SoftwareReusehasFailedHistorically

. . .

In theory, organizationsrecognizethevalueof system-
atic reuseandreward internal reuseefforts. In prac-
tice, many factorsconspireto make systematicsoft-
warereusehard,particularlyin companieswith alarge
installedbaseof legacy software anddevelopers. In
my experience,non-technicalimpedimentsto success-
ful reusecommonlyincludethefollowing:



� Organizationalimpediments– e.g., developing,
deploying,andsupportingsystematicallyreusable
softwareassetsrequiresa deepunderstandingof
applicationdeveloperneedsandbusinessrequire-
ments.As thenumberof developersandprojects
employing reusableassetsincreases,it becomes
hard to structurean organizationto provide ef-
fectivefeedbackloopsbetweentheseconstituen-
cies.

� Economicimpediments– e.g.,supportingcorporate-
widereusableassetsrequiresaneconomicinvest-
ment,particularlyif reusegroupsoperateascost-
centers.Many organizations�nd it hardto insti-
tuteappropriatetaxationor charge-backschemes
to fund their reusegroups.

� Administrative impediments– e.g., it' s hard to
catalog,archive,andretrievereusableassestsacross
multiplebusinessunitswithin largeorganizations.
Althoughit' s commonto scavengesmallclasses
or functionsopportunisticallyfrom existing pro-
grams,developersoften�nd it hardto locatesuit-
able reusableassetsoutsideof their immediate
workgroups.

� Political impediments– e.g.,groupsthatdevelop
reusablemiddlewareplatformsareoftenviewed
with suspicionby applicationdevelopers,who
resentthe fact that they may no longer be em-
poweredtomakekey architecturaldecisions.Like-
wise, internecinerivalriesamongbusinessunits
maysti�e reuseof assestsdevelopedby otherin-
ternalproductgroups,which areperceived asa
threatto job securityor corporatein�uence.

� Psychologicalimpediments– e.g.,applicationde-
velopersmayalsoperceive “top down” reuseef-
fortsasanindicationthatmanagementlackscon-
�dence in their technicalabilities. In addition,
the “not inventedhere” syndromeis ubiquitous
in many organizations,particularlyamonghighly
talentedprogrammers.

— DouglasC.Schmidt,WhySoftwareReusehasFailed
andHow to Make It Work for You [30]

17. POULIN

Whatto MeasureAs Reuse

We will now look at variouscategoriesof software,
discusswhy or why noteachmightcountasreuse,and
thengive a recommendsolution. Most of theconclu-
sionshingeon whetheror not we expectsomeoneto
write thatsoftware.

As we discusstheseissuesandreachour conclusions,
wewill de�ne whatit meanswhenwerefertoaReused
SourceInstruction (RSI). Someof the choicesmay
seemclear, but nonehave gonewithout controversy.
For eachcodecategory, someonehaspublisheda re-
port claimingthecategory representsreuse!

ProductMaintenance:New Versions
. . .Wedo notcountproductmaintenanceasreuse.

Useof OperatingSystemServices
. . .We do not counttheuseof theoperatingsystemas
reuse.

Useof High-Level Languages
. . .Wedonotcountuseof high-level languagesasreuse.

Useof Tools
. . .Wedonot counttheuseof toolsasreuse.

UseVersusReuseof Components
. . .Weonly countthe�rst useof acomponentasreuse.

Useof CommercialOff-The-ShelfSoftware
. . .Wedonot countCOTS productsasreuse.

PortedSoftware
. . .Wedonot countportingasreuse.

ApplicationGenerators
. . .Wedonot countgeneratedcodeasreuse.

CodeLibraries
Useof utility libraries
. . .We do not countsoftware from utility librariesas
reuse.

Useof localutility libraries
. . .We maycountsoftwarefrom utility librariesasre-
sue.

Projectanddomainspeci�c libraries
. . .We count software from project and domainspe-
ci�c librariesasreuse.

Corporateresuelibraries
. . .Wecountsoftwarefrom reuselibrariesasreuse.

Useof Modi�ed Software
. . .Wedonot countmodi�ed componentsasreuse.

. . .

Applying theCountingRulesto Object-OrientedSoft-
ware

Recentarticlesandpublicationscite reuseasa prin-
ciple bene�t of object-orientedtechnology;however,
object-orientedprojectsface the sameissuesas any
otherdevelopmentprojectwhenit comesto de�ning
whatto countas“reused”software.Experiencereports
from OOprojectsroutinelystateimpressive reuselev-
elsandbene�tsdueto reuse.However, wecannottrust
thesereportswithout understandingwhat the reports
counted,e.g., inheritanceor polymorphism. As with
most experiencereports,recentwork in OO metrics
fails to addressthis issue.Part of theproblemcomes
from counting“internal” reusein OOreusemetrics:in
otherwords,usingyour own code. . . . This common
andunfortunatemisconceptionwithin theOOcommu-
nity really confusesmany unwary practitioners.

— Jeffrey S.Poulin,MeasuringSoftware Reuse:prin-
ciples,practices,andeconomicsmodels[28]

OPINION PARALYSIS: Thetendency, whengivenunlimitedchoices,
to make none.
— DouglasCoupland,Generation X [9]



18. JACOBSON,GRISS,JONSSON

For example,the transitionfrom no reuseto informal
codereuse(sometimescalledleverageor cloning), in
whichchunksof codearecopied,adaptedslightly, and
then incorporatedinto the new system,occurswhen
developers:

� arefamiliarwith eachother'scode,andtrusteach
other

� feeltheneedto reducetimetomarket,eventhough
they wouldpreferto rewrite thesoftware

This strategy works– for a while. Developmenttime
is reduced,andtestingis often lesstediousthanwith
totally new code.But asmoreproductsaredeveloped
using this approach,maintenanceproblemsincrease.
Multiple copiesof the software, eachslightly differ-
ent,have to managed.Defectsfoundin onecopy have
to befoundand�x edmultiple times.This oftenleads
to a black box codereusestrategy, in which a care-
fully choseninstanceof codeis reengineered,tested,
anddocumentedfor reuse. All projectsare then en-
couragedor requiredto reusejust this copy without
modi�cation.

Thisworkswell for awhile, andthentheissueof deal-
ing with changesto satisfy an increasingnumberof
reusersarises. Shouldeveryonebe “forced” to use
only the standardversion? Shouldmultiple versions
be maintained?Shouldadaptationbe allowed? Who
decides?Shouldtest�les anddesignsalsobereused?
Whowill trainandeducatecomponentreusers?All of
theseissuesleadto thecreationof amanagedworkprod-
uct reuseprocess, in which the creationandreuseof
componentsis explicitly managedandsupportedby a
distinctorganization.

Beyond this point, to get higher levels of reuseand
morecoverageof thelifecycle, it is importantto move
to architectedreuse, to explicitly architectthe com-
ponentsand the systemsthat will usethem. This is
the only way to insurethat components�t together.
Thedevelopmentanduseof acommonarchitecturein-
volvesevenmoreorganizationalcommitmentandstruc-
ture.

— Ivar Jacobson,Martin Griss, and Patrik Jonsson,
Software Reuse:Architecture, ProcessandOrganiza-
tion for BusinessSuccess, [13](p. 22)

19. MCCLURE

SelectingReusableComponents

Rationale

The systemdevelopmentand maintenanceprocesses
canbespeededup andaidedby reusingvarioustypes
of reusablecomponents.Otherreasonsfor usingreusable
componentsare:improvedsystemquality, reducedsys-
temdevelopmentandmaintenancecosts,andreduced
risk of projectfailure.This techniqueensuresthatsys-
tembuilderswill searchfor all typesof reusablecom-
ponentsin all thelikely sources.

Critical Issues

Buidlingapplicationsystemsfromreusablecomponents
is basedon theassumptionsthat reusablecomponents
exisit somewhere,they arereasonablyeasyto �nd and
understand,andthey areof goodquality. If thetime to
searchfor candidatereusablecomponentsis too long
in thesystembuilder'seyes,thesystembuilderwill opt
for building the componentfrom scratchratherthan
reusinganexistingocomponentregardlessof how well
thereusablecomponent�ts thecurrentneed.A Reuse
Library anda ReuseCatalogthat arewell organized
with a classi�cationschemeandsupportedby search
andretrieval toolsareessentialtoensuringthatreusable
componentsareactuallyusedin applicationsystemde-
velopment.

— CarmaMcClure,SoftwareReuseTechniques:Adding
Reuseto theSystemDevelopmentProcess[20](pp.201–
202)

20. TRACZ

ReuselessSoftware

Haveyoueverytrippeddown theprimrosepathof least
resistance,commendingyourself for building a new
programby salvaging someoneelse's software, only
to bestartledby theharshreality that thingswerenot
asgreatasyou planned?

True,youthoughtyouwerebuildingonsomeoneelse's
successes,but you hadnot countedon inheritingtheir
mistakesor �nding out, too late,thatwhatyouthought
you could reuse“as is” requireda lot moreeffort that
youhadplanned.Thesoftwareyouweretrying to sal-
vagemightbegood,but for what?You budgetedtime
andstaff to salvageor carry over codefrom the last
project,only to �nd thatit didn't work asadvertised,if
thefactthatit workedwasadvertisedatall.

Ignoring blatanterrorsof commission,the subtleer-
rors of omissionare the onesthat really require the
mosteffort to overcome(e.g.,failureto documentim-
plementationdecisionsor failureto testfor certainpatho-
logical conditions).Thesoftwaremight work well in
thenarrow context for whichit wasdesigned,but taken
out of its speci�c domainthe software suddenlybe-
comesbrittle — in otherwordsreuseless.

. . .

Sometimes,programmersshouldlet oldcodedieanat-
ural deathratherthanspendany effort trying to revive
it. As many of ushavelearnedfrom experience,plenty
of reuselesscodeis lying around(onemightarguethat
a lot of it wasuselesscodein the�rst place).Not that
most codeis reuseless(or more important,needsto
be createdasreuseless),but softwarenot speci�cally
designedfor reuseis simply moredif�cult andcostly
to reuse.Similarly codedesignedfor reuse(reuseful
code)mightcost30%to 200%moreto develop,docu-
ment,andtest,but subsequentreusecosts20%to 40%
lessthanrewriting.

Making softwarereusableexactsa costin experience
and effort. Creatingreusableinterfacesrequiresin-
sight in seeinghow softwarehasbeenusedin thepast
and envisioning how it might be usedin the future.
Further-more, becausethe most importantquality of



reusablesoftware, is that it be quality software, em-
phasisshouldbeplacedonthoroughlyspecifying,test-
ing, and certifying that the software hasachieved a
certain level of operationaland documentationqual-
ity. Only thenwill programmersbe willing to invest
their time to considerits reuse.

— Will Tracz,Confessionsof a UsedProgramSales-
man: InstitutionalizingSoftware Reuse[32](pp. 73–
74)

Professional: The professionalsof thecity arelike chessplayers
wholost to computers.A perverseautomaticpilot constantly
outwitsall attemptsat capturingthecity, exhaustsall ambi-
tionsof its de�nition, ridiculesthemostpassionateassertions
of its presentfailureandfutureimpossibility, steersit impla-
cably further on its �ight foward. Eachdisasterforetold is
somehow absorbedunderthe in�nite blanketing for the ur-
ban.
— RemKoolhaasandBruceMau,S,M, L, XL [17]

21. FOWLER

This tensionbetweenbuildersanddesignershappens
in building too, but it' s moreintensein software. It' s
intensebecausethereis a key difference.In building
thereis a clearerdivision in skills betweenthosewho
designandthosewho build, but in softwarethat's less
thecase.Any programmerworking in high designen-
vironmentsneedsto be very skilled. Skilled enough
to questionthedesigner'sdesigns,especiallywhenthe
designeris lessknowledgeableaboutthe day-to-day
realitiesof thedevelopmentplatform.

. . .

Onewayto dealwith changingrequirementsis to build
�e xibility into thedesignsothatyoucaneasilychange
it asthe requirementschange.However, this requires
insight into what kind of changesyou expect. A de-
signcanbeplannedto dealwith areasof volatility, but
while thatwill helpfor foreseenrequirementschanges,
it won't help(andcanhurt)for unforeseenchanges.So
you have to understandtherequirementswell enough
to separatethe volatile areas,and my observation is
thatthis is veryhard.

Now someof theserequirementsproblemsaredueto
not understandingrequirementsclearly enough.So a
lot of peoplefocuson requirementsengineeringpro-
cessesto get betterrequirementsin the hopethat this
will prevent the needto changethe designlater on.
But even this direction is one that may not leadto a
cure. Many unforeseenrequirementschangesoccur
due to changesin the business. Thosecan't be pre-
vented,however careful your requirementsengineer-
ing process.

So all this makes planneddesignsoundimpossible.
Certainlythey arebig challenges.

. . .

Two of thegreatestrallying criesin XP aretheslogans
“Do the SimplestThing That Could PossiblyWork”
and“YouAren't GoingtoNeedIt” (known asYAGNI).

Both aremanifestationsof the XP practiceof simple
design.

Theway YAGNI is usuallydescribed,it saysthatyou
shuldn't addany codethatwill only beusedby a fea-
ture that is neededtomorrow. On the faceof it this
soundssimple. The issuecomesup with suchthings
areframeworks,reusablecomponents,and�e xible de-
sign. Suchthingsarecomplicatedto build. You pay
an extra up-front cost to build them, in the expecta-
tion that you will gain backthat cost later. This idea
of �e xibility up-front is seenasa key partof effective
softwaredesign.

However, XP's advice is that you not build �e xible
componentsandframeworksfor the�rst casethatneeds
thatfunctionality. Let thesestructuresgrow asthey are
needed.If I wantamoney classtodaythathandlesad-
dition but notmultiplication,thenI build only addition
into theMoney class.Even if I'm sureI' ll needmul-
tiplication in thenext iteration,andunderstandhow to
do it easily, and think it' ll be really quick to do, I' ll
still leave it till thatnext iteration.

Onereasonfor this is economic. If I have to do any
work that's only usedfor a featurethat's neededto-
morrow, thatmeansI loseeffort on featuresthatneed
to bedonefor thisiteration.Thereleaseplansayswhat
needsto beworked on now. Working on otherthings
for thefutureis contraryto thedevelopers'agreement
with thecustomer. Thereis a risk that this iteration's
storiesmight not getdone.Evenif this iteration's sto-
ries arenot at risk, it' s up to the customerto decide
whatextrawork shouldbedone— andthatmightstill
not involve multiplication.

— Martin Fowler, Is DesignDead?[12](pp.5–9)

22. BROOKS

Thedevelopmentof themassmarket is, I believe, the
most profound long-run trend in software engineer-
ing. The cost of software hasalways beendevelop-
mentcost,notreplicationcost.Sharingthatcostamong
evena few usersradicallycutstheper-usercost. An-
otherwayof lookingatit is thattheuseof n copiesof a
softwaresystemeffectively multipliestheproductivity
of its developersby n. That is anenhancementof the
productivity of thedisciplineandof thenation.

Thekey issue,of course,is applicability. CanI usean
availableoff-the-shelfpackageto performmy task?A
surprisingthinghashappenedhere.During the1950's
and1960's, studyafterstudyshowedthatuserswould
not useoff-the shelf packagesfor payroll, inventory
control, accountsreceivable, etc. The requirements
weretoospecialized,thecase-to-casevariationtoohigh.
During the1980's, we �nd suchpackagesin high de-
mandandwidespreaduse.Whathaschanged?

Not really thepackages.They maybesomewhatmore
generalizedandsomewhatmorecustomizablethanfor-
merly, but not much. Not really the applications,ei-
ther. If anything, the businessandscienti�c needsof
todayaremorediverseandcomplicatedthanthoseof
20yearsago.



Figure15: Door Story 4 — Surprisingly, the repositoryalsoin-
cludesunusedcomponents. In this case,the componentshad
beenobtained for a new systembut later found to be surplus
to requirements. Rather than being discarded, they are of-
fered to other users. In fact, the repository alsooffers custom-
built componentsif users �nd no already-assembledcompo-
nentsthat meettheir requirements.

Figure 16: Door Story 5 — Sometimescomponentsare offered
still assembledwith related componentsfr om a previous con-
text. The repository prefers to presentthe entire composition,
insteadof disassemblingthe unit, where suchlarger structur es
may bevaluable to users.



Thebig changehasbeenin thehardware/softwarecost
ratio. Thebuyerof a $2-million machinein 1960felt
that he could afford $250,000morefor a customized
payroll program,one that slippedeasily andnondis-
ruptively into thecomputer-hostilesocialenvironment.
Buyersof $50,000of�ce machinestodaycannotcon-
ceivably afford customizedpayroll programs;so they
adapttheir payroll proceduresto the packagesavail-
able. Computersarenow socommonplace,if not yet
sobeloved,thattheadaptationsareacceptedasa mat-
ter of course.

. . .

I still rememberthejolt I felt in 1958whenI �rst heard
a friend talk aboutbuilding a program,asopposedto
writing one.In a�ash hebroadenedmy wholeview of
thesoftwareprocess.The metaphorshift waspower-
ful, andaccurate.Todayweunderstandhow likeother
building processestheconstructionof softwareis, and
we freely useotherelementsof themetaphor, suchas
speci�cations,assemblyof components,andscaffold-
ing.

The building metaphorhasoutlived its usefulness.It
is time to changeagain.If, asI believe, theconceptual
structuresweconstructtodayaretoocomplicatedto be
speci�edaccuratelyin advance,andtoocomplex to be
built faultlessly, thenwemusttakearadicallydifferent
approach.

Letusturnnatureandstudycomplexity in living things,
insteadof just the deadworks of man. Herewe �nd
constructswhosecomplexities thrill uswith awe. The
brainaloneis intricatebeyondmapping,powerful be-
yond imitation, rich in diversity, and self-renewing.
Thesecretis thatit is grown, notbuilt.

— FrederickP. BrooksJr., NoSilverBullet[15](pp.197–
198)

23. ENVIRONMENT
Ontheconsequencesof composingmodulesinto systems:Given

aprogramto be“written”; to be“built”; to be“grown”; how should
this beundertakenwhenmuchbespoke softwareis too expensive?
Equallyasimportant:whatwill the�nal programlook like?

Theprocessof composingmodulesinto systemsis qualitatively
differentfrom thestructuredapproachof decomposingsystemsinto
modules.In a step-wisedecompositionprocess,we begin with an
ideaof what the systemshoulddo, a problemto be decomposed;
andwethenmakeourdecomposition,proceedingin arationalman-
ner, isolatingtheimportantdesigndecisionsin their own modules,
removing upwarddependencies,following thegrainof thedomain.
This is bestdescribedas proceedingtop-down: from a problem
to a program,in contrastto thebottom-upmethodof just codinga
programwithoutthinking�rst [26]. All this is well understood,and
underliesmany modernsoftwaredevelopmentmethods,from Dijk-
straandWirth, throughConstantineandMills, Dahl andNygaard,
Wirfs-BrockandBooch.

Theprocessof composingmodulesinto systemsis alsoqualita-
tively different from that of building systemsstepby step. In the
extreme,agile,or leanapproacheswe begin with a Person,(rather
thana Problem)andmututally explore the domainuntil that Per-
son's patienceor prosperityrunsout,building a programalongthe
way. Agile aproachesbuild programsa small �nal slice(or experi-
mentalspike)atatime: the�rst story, task,usecaseis implemented

runningverticallyall thewayfrom thetopto thebottomof thesys-
tem, iteratingto widen this slice out to thewhole system.Rather
thantrustingin a “Big DesignUp Front”, we write codebut then
revisetheprogram's design,refactoringtheprogramto achieveex-
actly thesamekind of designqualities(compression,consiseness,
clarity, lack of dependency, resonancewith thedomain)promoted
by the structuredapproachesto programming,design,andanaly-
sis. All this is alsowell understood,aspracticedandpromotedby
Beck[2], Fowler [12], andotheradvocatesof the“agile” approach.
Reuseis notoneof theTwelvePracticesof ExtremeProgramming,
noroneof theValuesfrom theGlowing Whiteboardof Agile Soft-
wareDevelopment[1].

The processof composingmodulesinto systems,then,is quite
differentfrom eitherof theseapproaches.We careaboutAssets—
Components,Software,Libraries,Modules,Frameworks,Con�gu-
ration,Media,Images,Quotations,Music,Stuff — ratherthanPer-
sonsor Problems[4]. We proceedby aglomeratingtheseAssets,
rememberingfor you wholesale,justaposing,hammering,chuck-
ing themin, �lling thespaceswith smallerthings,with glue,with
stringsandsealingwax, andotherfancy stuff. We cantake exist-
ing “programs”as“components”,or perhapsbegin ourprogramby
copying oneor moreexistingprogramsandthenaddingmorecom-
ponents,adjustingtheir con�gurations, or modifying them only
whereabsolutelynecessary(or whereit lookslike fun). Therecan
beacompleteabsenseof any traditionally-recognisedformsof cod-
ing, design,or analysis,no refactoring,no stories,not top down,
not bottomup, not horizontalor vertical, but randomsplodgesof
functionbasedonly uponwhatever comesto hand.

One irony of object-orientedprogramming,extremeprogram-
ming, agile development,leancoding,aspect-orientedseparation
of advancedmeta-concerns,etcetera, is thatthequalitiesandkinds
of programsthey aim to createareall exactly the same— disre-
gardingminor differencesof fashionin underlyingprogramming
languages.High cohesion,low coupling, low redundancy, high
functionality. Thetopologyandstructureof greatmodernprograms
is remarkablysimilar — the THE OperatingSystem,Sketchpad,
Emacs,Unix, Smalltalk,theWiki, TEX.

Whatwe now think of asa program— Eä: theprogramthat is,
all-the-program-there-was,whatwe have put togetherandchoose
to take as program,what we separatefrom all that is arbitrarily
not-program— is this aglomeration,this collage,this text. Some
componentsarebiggerthanothers;somecomponentsaremoreim-
portantthan others;andyet — thereis no big story, thereis no
“main component”,thereis no mainroutine— or if thereis some-
thingclaimingto beamaincomponent,therewill bemany staking
thatclaim.

Early programswerewritten by oneprogrammer. All kinds of
softwareengineering— whetherthestandardsanddocumentation
of heavyweightprocesses,or thepanopticonof agiledevelopment
— attemptto keepup this �ction, theprogramshouldlook asif it
waswritten by oneprogrammer. What we now think of asa pro-
gramlooksasif it waswritten by many people,at many different
times, in many different languages,as if thesepeoplewerecom-
petitors,asif they hatedeachother, asif they aredidn't care,and
arenotunashamed.

In otherwords:pervasivereusepromotesachangein themethod
of constructionof theprogram,andin theprogramitself.

After all, the etymologyof “Hacker” is: “someonewho makes
furniturewith anaxe” [11].

OBSCURISM: Thepracticeof pepperingdaily life with obscure
references(forgotten�lms, deadTV stars,unpopularbooks,



Figure 17: Balustrade Story — Alter natively, sometimescom-
ponentsmust be disassembled.In this case,the larger compo-
nent no longer complied with curr ent legal requirements,and
so the repository is forbidden to make the compositecompo-
nent available to users. The componentwas dismantled, and
the smaller sub-componentsoffered for reuse.

defunctcountries,etc.)asasubliminalmeansof showcasing
bothone's educationandone's wish to disassociatefrom the
world of massculture.
— DouglasCoupland,Generation X [9]

24. MCILR OY

TheMarket

Comingfrom oneof the larger sophisticatedusersof
machines,I have ampleopportunityto seethe tragic
wasteof currentsoftwarewriting techniques.At Bell
TelephoneLaboratorieswehaveabout100generalpur-
posemachinesfromadozenmanufacturers.Eventhough
many arededicatedto specialapplications,a tremen-
dousamountof similar softwaremustbe written for
each. All needinput-outputconversion, sometimes
only single alphabeticcharactersand octal numbers,
somefull-blown FortranstyleI/O. All needassemblers
andcouldusemacro-processors,thoughnot necessar-
ily compilingon thesamehardware.Many needbasic
numericalroutinesor sequencegenerators.Most want
speedat all costs,a few wantconsiderablerobustness.

. . .

Needlessto saymuchof this supportprogrammingis
donesub-optimally, andat a severescienti�c penalty
of diverting the machine's ownersfrom their central
investigations. To constructthesesystemsof high-
classcomponentrywe would have to surroundeach

of some50machineswith apermanentcoterieof soft-
warespecialists.Wereit possiblequickly andcon�-
dentlyto avail ourselvesof thebestthereis in support
algorithms,a teamof softwareconsultantswould be
ableto guidescientiststowardsrapidandimprovedso-
lutionsto themoremundanesupportproblemsof their
personalsystems.

In describingthewayBell Laboratoriesmightusesoft-
warecomponents,I haveintendedtodescribedthemar-
ket in microcosm.Bell Laboratoriesis not typical of
computerusers. As a researchand developmentes-
tablishment,it must perforcespendmore of its time
sharpeningits tools, andlessusingthemthandoesa
productioncomputingshop. But it is exactly sucha
systems-orientedmarket toward which a components
industrywouldbedirected.

Themarketwouldconsistof specialistsin systembuild-
ing, who would be able to usetried partsfor all the
morecommonplacepartsof theirsystems.Thebiggest
customersof all would be the manufacturers. (Were
they not it would bea suresign that theofferedprod-
uctsweren't goodenough.)Theultimateconsumerof
systemsbasedon componentsought to seeconsider-
ably improvedreliability andperformance,asit would
becomepossibleto expendproportionallymoreeffort
on critical partsof systems,andalsoto avoid thenow
prevalent failings of the moremundanepartsof sys-
tems,which have beenspeci�ed by experts,andhave
thenbeenwrittenby hacks.

— M. DouglasMcIlroy, MassProducedSoftwareCom-
ponents[21]

25. COX

Softwarecrisis

The gunsmithshopin colonial Williamsburg, Va., is
a fascinatingplaceto watchgunsmithsbuild gunsas
we build software: by fabricatingeachpart from raw
materialsandhand-�tting eachpart to eachassembly.
WhenI waslastthere,thegunsmithwas�ling a beau-
tifully proportionedwoodscrew from a wroughtiron
rod thathe'd forgedon theanvil behindhis shop,cut-
ting its threadsentirelyby handandby eye. I wasfas-
cinatedby how hetesteda newly forgedgunbarrel—
charging it with four timesthenormalload,strapping
it to alog, andletting`errip from behindasturdyshel-
ter — not theleasthinderedby academia's paralyzing
obsessionthatsuchtesting`only' revealsthepresence
of defects,not their absence.

Thecottage-industryapproachto gunsmithingwasin
harmony with the economic,technological,and cul-
turalrealitiesof colonialAmerica.It madesenseto ex-
pendcheaplaboraslongassteelwasimportedatgreat
costfrom Europe.But asindustrializationdrovemate-
rials costsdown anddemandexceededwhat thegun-
smithscould produce,they beganto experiencepres-
sureto replacethecottage-industrygunsmith'sprocess-
centeredapproachwith a product-centeredapproach;
high-precisioninterchangeablepartsto addressthecon-
sumer'sdemandfor lesscostly, easilyrepairableprod-
ucts.



The sameinexorablepressureis happeningtoday as
the costof hardwareplummetsanddemandfor soft-
wareexceedsour ability to supply it. As irresistible
forcemeetsimmovableobject,weexperiencethepres-
sureasthesoftwarecrisis: theawarenessthatsoftware
is too costly andof insuf�cient quality, andits devel-
opmentnearlyimpossibleto manage.

Insofar asthispressureis truly inexorable,nothingwe
think or do will standin its path. The software in-
dustrial revolution will occur, sometime,somewhere,
whetherourvaluesystemis for it or againstit, because
it is ourconsumers'valuesthatgoverntheoutcome.It
is only a questionof how quickly, andof whetherwe
or ourcompetitorswill servicetheinexorablepressure
for change.

— BradJ.Cox,PlanningtheSoftware IndustrialRev-
olution [10]

Modernism: Modernism's alchemisticpromise— to transform
quantity into quality throughtabstractionand repitition —
hasbeena failure,a hoax:magicthatdidn't work. Its ideas,
aesthetics,strategiesare�nished. Toghetherall attemptsto
make a new beginning have only discreditedthe idea of a
new beginning.A collectiveshamein thewake of this �asco
hasleft a massive craterin our understandingof modernity
andmodernization.
— RemKoolhaasandBruceMau,S,M, L, XL [17]

26. NORMAN

Two Kinds of Market Economies:Substitutableand
Nonsubstitutable

Theimportanceof aproperinfrastructuregoesbeyond
its impact upon usefulnessand intrusiveness. It can
determinethe entiresuccessandfailure of a technol-
ogy. The lessonof ThomasEdisonandhis choiceof
anincompatibleinfrastructure,bothfor electricityand
thephonograph,leadsto a moregenerallessonabout
themarketplace.

Therearetwo kindsof economicmarkets:substitutable
and nonsubstitutable.Substitutablegoodsare prod-
uctslike groceries,clothes,andfurniture. Nonsubsti-
tutablegoodsareinvariably infrastructures.The two
haveverydifferentproperties.Mostrecentbooksabout
the businessand marketing side of technologymiss
this distinction,but a company thatprovidesa substi-
tutablegoodmust function very differently than one
thatprovidesa nonsubstitutableone.

In a substitutablemarketplace,goodsof onemanufac-
turer canbe substitutedfor goodsof another. This is
theclassicmarket-driveneconomy, wherecompetition
prevails. Thisappliesto foodandnewspapers,to auto-
mobilesandtelevision sets.In this marketplace,stan-
dardmarket forcesareat work andthemarket canbe
sharedamongcompetitors.Usually, onecompany has
asubstantiallead,but theotherscancoexist in relative
stability. This is a classiccaseof free market com-
petition. Thechoiceof onesubstitutablegoodmakes
no commitmentfor thefuture. Theconsumercanbuy

a Pepsitodayanda Coke tomorrow: the �rst choice
doesnotconstrainthesecond.

In a nonsubstitutablemarket, the requiredinfrastruc-
ture meansthat goodsfrom onemanufacturercannot
besubstitutedfor goodsof another. This is themarket-
placethatEdisonfoundhimself in with his useof DC
electricityover thecompetition'suseof AC. It wasthe
samestorywith his useof vertically cut cylindersand
discswhenthecompetitionusedlaterallycut discs.It
is whathappenedwith Betavideocassetterecorders.

Oncethereis anonsubstitutablemarket is doesn't mat-
terhow goodtheproductis.

— DonaldA. Norman,TheInvisibleComputer[23])(pp.116–
117)

27. ROBINSON, HOVENDEN,
HALL, AND RACHEL

FordismandpostFordism

WhenBradCox[1990]wrotehisriposteto FredBrooks,
heproposedasasilverbulletatechnicalsolutionbased
oncomponents,takingamanufacturingviewpointlean-
ingheavily ontheexperienceof mass-production.This
approachisknown asFordism,orTaylorism,andmuch
of software developmenthas beengroundedin this
view of humanindustrialactivity.

Robin Murray [1989] hasgiven a very readableac-
count of Fordism and post-Fordism. Fordism began
at thestartof thetwentiethcentury, andhasdominated
industrialprocessessince.It hasfour basicprinciples:

� standardisedproducts

� repeatedtaskshaving potentialfor automation

� unautomatedtasksanalysedusingworkstudymeth-
ods, to enablethe easytraining of workers and
their easyreplacement— this is the scienti�c
managementof FredTaylor, alsoknown asTay-
lorism.

� productionlineswith theworkmoving to thework-
ers.

This methodof productionhadhigh initial costsand
relied upon large volumesof sales,and thus heavy
marketing and even the manipulationof the market.
Managementswereveryhierarchical.Labourrelations
werepoor, andturnover of employeeswas large due
to the mechanicalnatureof the employment. Fordist
ideaswerenot restrictedto EuropeandAmerica,and
werealsokeenlyadoptedwithin the industrialisation
programsof theformerCommunistblock.

We seeFordismandTaylorismin thesoftwarelifecy-
cle andsoftwaredevelopmentmethodologies.While
wedonothaveproductionlinesin computingwith de-
tailedspecialisation,we do identify differentskills of
analysisandprogramming,testingandmanagement,
anddecomposethework into discretestepswherespe-
cialistsareappliedusingtheir speci�c skills. Thespe-
cialisationmay further breakdown into programmers



skilledwith particularprogramminglanguages,design-
ersspecialisedin particulartypesof systemslikecom-
munications,databaseandinterfaces,andanalystsspe-
cialisedin particularapplicationareas,from command
andcontrol to bankingto �ight control. The Fordist
view is further seenin the preoccupationwith met-
ricsandprocessimprovement,theemphasisoncontrol
(`you cannotcontrolwhatyou cannotmeasure').

AlternativestoFordismarosewithin retailingandfrom
theremovedinto manufacturing.Informationtechnol-
ogy is seenas critically important in thesedevelop-
ments,enablingretailerslike Sainsburys to track the
stocksin theirstoresandthesalesduringthedayto ar-
rangedelivery of just thecorrectquantitiesfrom their
warehousesovernight. Fromthereit wasa small step
to by-passthewarehousesandorderdirectly from the
suppliers,so that the supplierstunedtheir production
to the retailing needson a daily cycle. The needfor
the holding of large stockswasremoved, this is just-
in-time manufacturing.

At themanufacturingend,�e xibility wasalsoachieved
throughinformationtechnology, with theleadcoming
from Japan,from Toyota, reputedlyfollowing a visit
to theUSby Toyotawhosaw thepost-Fordistretailing
there.Themovewasto reskill workers,usingmethods
like quality circlesto tap the knowledgeof thework-
ers.“In post-Fordism,theworker is designedto actas
acomputeraswell asamachine”(Murray1989p272)
And the specialistmachineryitself wasalso �e xible,
beinggeneralpurposeandcapableof beingsetup for
someotherjob veryquickly indeed.

Fromtherethenext stepwasto subcontractwherever
possible. The retailing equivalent hasbeenfranchis-
ing. Thepracticesof Benettonin thetextilesandcloth-
ing industry is usedas an exampleof this trend, di-
rectly employing a few thousandpeoplebut indirectly
employing tensof thousandsthroughsubcontracting
of manufacture,and franchisingsales. Information
technologyhasbeencritical in monitoirngsalesworld-
wide,noticingtrends,andswitchingproductionto meet
theordersfrom shops.

— HughRobinson,FionaHovenden,PatHall andJanet
Rachel,PostmodernSoftware Development, [29]

28. NAUR AND RANDELL

There wasa considerable amountof debateon what
somemembers choseto call thesoftware crisis or the
software gap. Aswill beseenfromthequotationsbe-
low, theconferencemembershadwidelydifferingviews
on theseriousness,or otherwise, of thesituation,and
on theextentof theproblemareas.

DavidandFraser: (from theirPositionpaper) Thereis
a wideninggapbetweenambitionsandachievements
in softwareengineering.This gapappearsin several
dimensions: betweenpromisesto usersand perfor-
manceachieved by software,betweenwhat seemsto
beultimatelypossibleandwhatis achievablenow and
betweenestimatesof softwarecostsandexpenditures.
Thegapis arisingat a time whentheconsequencesof
softwarefailurein all its aspectsarebecomingincreas-
ingly serious. Particularly alarmingis the seemingly

unavoidablefallibility of large software,sincea mal-
functionin anadvancedhardware-softwaresystemcan
bea matterof life anddeath,not only for individuals,
but alsofor vehiclescarryinghundredsof peopleand
ultimatelyfor nationsaswell.

Hastings: I am very disturbedthat an auraof gloom
hasfallen over this assembly. I work in an environ-
mentof many largeinstallationsusingOS/360.These
are complex systems,being usedfor many very so-
phisticatedapplications. Peoplearedoing what they
needto do,at a muchlower costthanever before;and
they seemto bereasonablysatis�ed.Perhapstheirsys-
temsdo not meeteverybody's need,they don't meet
the time sharingpeople's demandsfor example,but I
don't think softwareengineeringshouldbe confused
with time sharingsystemengineering.Areaslike traf-
�c control, hospitalpatientmonitoring,etc. arevery
explosive, but arevery distinct from generalpurpose
computing.

Gillette: We arein many waysin an analogousposi-
tion to the aircraft industry, which alsohasproblems
producingsystemson scheduleand to speci�cation.
We perhapshave moreexamplesof badlargesystems
thangood,but we area youngindustryandarelearn-
ing how to do better.

Randell: Thereareof coursemany goodsystems,but
areany of thesegoodenoughto have humanlife tied
online to them,in the sensethat if they fail for more
than a few seconds,thereis a fair chanceof one or
morepeoplebeingkilled?

Graham:I donotbelieve thattheproblemsarerelated
solelyto onlinesystems.It is my understandingthatan
uncritical belief in the validity of computer-produced
results(from abatch-processingcomputer)wasatleast
acontributorycauseof afaultyaircraftdesignthatlead
to severalseriousair crashes.

Perlis: Many of uswouldagreethatMultics andTSS/360
have takena lot longerto developthanwe wouldhave
wished,and that OS/360is disappointing. However,
perhapswe areexaggeratingthe importanceof these
facts. Is badsoftwarethat importantto society? Are
we too worried thatsocietywill loseits con�dencein
us?

Randell: Most of my concernstemsfrom a perhaps
over-pessimisticview of what might happendirectly
asa resultof failurein anautomatedair traf�c control
system,for example.I amworriedthatour abilitiesas
softwaredesignersandproducershave beenoversold.

Opler: As someonewho�ies in airplanesandbanksin
a bankI'm concernedpersonallyaboutthepossibility
of acalamity, but I'm moreconcernedabouttheeffects
of software�ascosontheoverallhealthof theindustry.

Kolence:I do not like theuseof theword crisis. It' s a
veryemotionalword. Thebasicproblemis thatcertain
classesof systemsareplacingdemandson us which
arebeyondourcapabilitiesandour theoriesandmeth-
odsof designandproductionat this time. Thereare
many areaswherethereis no suchthing asa crisis—
sort routines,payroll applications,for example. It is
large systemsthat areencounteringgreatdif�culties.



Figure 18: Brick Story — Even the most basicof components
have a placein the repository. While thesecomponentsare ba-
sic, they are madeusing using a processthat is no longer com-
mon. Accordingly, a signi�cant effort was necessaryto locate
and obtain thesebasiccomponents.

We shouldnot expecttheproductionof suchsystems
to beeasy.

Ross: It makesno differenceif my legs, arms,brain
and digestive tract are in �ne working condition if I
amat themomentsuffering from a heartattack. I am
still verymuchin a crisis.

Fraser: We aremakinggreatprogress,but neverthe-
lessthe demandsin the industryasa whole seemto
be going aheada gooddeal fasterthanour progress.
We mustadmitthis,eventhoughsuchanadmissionis
dif�cult.

Dijkstra: Thegeneraladmissionof theexistenceof the
softwarefailure in this groupof responsiblepeopleis
themostrefreshingexperienceI have hadin a number
of years,becausetheadmissionof shortcomingsis the
primaryconditionfor improvement.

— P. NaurandB. Randell,Software Engineering:Re-
port of a conferencesponsored by the NATO Science
Committee[22]

Crisis: Whatif wesimplydeclarethatthereis nocrisis— rede�ne
ourrelationshipwith thecity notasits makersbut asits mere
subjects,asits supporters?

More thanever, thecity is all wehave . . .
— RemKoolhaasandBruceMau,S,M, L, XL [17]

29. THE END
Is SoftwareEngineering,asa discipline,a fraudfoundedupona

lie?

The Lie: Thereis a `softwarecrisis' — in truth therenever was.

The Fraud: Youmustto spendlotsof money to bridgea`software
gap' — in truth thereis nogap.

The Consolation: There is no silver bullet — but there are no
werewolves.

So therehave beenminor problems— from time to time the
phonenetwork crashes,a rocket explodes,every desktopcomputer
in theworld succumbsto avirus— but weignorethemthewaywe
ignore�at batteries,the inevitably of traf�c accidentsaswe walk
acrossa roadway, or dif�culties we have in openingplasticbottles
of ketchup.

Thedot-combubbledidn't endbecauseof a `softwaregap', be-
causeprogrammerscouldn't write proper software fast enough.
Ratherthe reverse: programmerswere able to write software so
easilythatbusinessesbeganto payfor softwarethatwaspointless,
andthereforeworthless.

Softwareengineeringhasfailed,but softwareis a success.
What is now becomingclearis that software— irrespective of

how it is written, built, or grown — hasa structuremore like a
naturalsystemthanamathematicalconstruction.Therelationships
betweentheobjectsin aprogramis morelikethatof thewordsin a
novel, thecellsin anorganism,or theleavesona tree,thanaseries
of propositionslinkedby modusponens[27]. Programswill more
easilyyield their secretsto critical theory, biology, or botany, than
to modallogic or complexity theory.

No programis anisland:everyprogramcontainsatraceof every
programthathasever beenwritten, or thatwill ever be. Sowhere
doesthis leave us,at theendof SoftwareEngineering?We areim-
measurablyricher dueto all the software in the world. We draw
uponthis softwarewhenever we needto createsomething̀ new':
programmingis— andalwayshasbeen— re-use,re-programming.
We have the makingsof a new discipline: the naturalscienceof
composedsoftware;thenormalscienceof thestudyof all thesoft-
warein theworld.



Figure19: Fountain Story — Mar celDuchampshowed the im-
portance of context in art. Even recycledready-madecompo-
nentshave beauty and value. The componentrepository helps
to bring the beauty and value of componentsto new users in
new contexts.

1968: Sousle pav́e,la plage(underthepavement,beach):initially.
May '68 launchedthe ideaof a new beginning for the city.
Sincethen,wehavebeenengagedin two paralleloperations:
documentingouroverwhelmingawefor theexistingcity, de-
veloping philosophies,projects,prototypesfor a preserved
and reconstitutedcity and, at the sametime, laughingthe
professional�eld of urbanismoutof existence,dismantlingit
in ourcontemptfor thosewho planned(andmadehugemis-
takesin planning)airports,New Towns,satellitecities,high-
ways, high-risebuildings, infrastructures,andall the other
fallout from modernization.After sabotagingurbanism,we
have ridiculed it to thepoint whereentireuniversitydepart-
mentsareclosed,of�ces bankrupted,bureaucracies�red or
privatized.
— RemKoolhaasandBruceMau,S,M, L, XL [17]

Personality: So why don't all songssoundthe same? Why are
someartistsgreat,write dozensof classicsthat move you
to tears,say it like it' s never beensaid before,make you
laugh,dance,blow your mind, fall in love, take to thestreets
andriot? Well, it' s becausealthoughthechords,notes,har-
monies,beatsandwordshaveall beenusedbeforetheirown
soulshinesthrough;theirpersonalitydemandsattention.
— JimmyCaultyandBill Drummond,TheManual[5]
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